L R o e
%_.

Data Structires Fundamentals




Second Edition

Data Structures Fundamentals

Md. Rafiqul Islam

Dept. of Computer
Science & Engineering
Khulna University
Khulna

Email: dmril 973 @ vahoo.com
Wehsite: www.cseku.ac bd

M. A. Mottalib

Dept. of Computer Science &
Information Technology (CIT)

Islamic University of Technology (IUT)
Gazipur

Email: mottalib@iut-dhaka.edu

Website: www.intoic-dhaka.edu

Islamic University of Technology (IUT)
Board Bazar, Gazipur-1704, Bangladesh



Published by:

Research, Extension, Ad visory Services and Publications (REASP)
[slamic University of Technology (IUT)

A subsidiary organ of Organisation of Islamic Cooperation (OIC)

Board Bazar, Gazipur 1704, Bangladesh

Lelephone :  +8802-9201254-59 Exy. 3215, Fax: +8802- 9291260

E-mail reasp@iul-dhaka.edu, cit@iut-dhaka.edy

Website  : waw.intoic-dhaka.edu

Year of Publication {1st Edition) : 2009
Year of Publication (2nd Edition) : 2011

© Al rights are reserved by the authors and publisher. No part of
this book may be reproduced in any form by mimeograph or any
other means without permission in wriling from the publisher and
aulhors.

ISBN: 978-984-33-0384-4

Price: Tk. 300
USS 12

Contact for Ordering:

Librarian

Islamic University of Technology (IUT)

Board Bazar, Gazipur 1704, Bangladesh

Telephone :  +8802-9291254~59 Ext. 3235, Fax: +8802- 9291260
E-mail  : libmry@iut-dhaka.edy, citiiint-dhaka.cdu

Cover page & Graphics : A. K. M. Shahidur Rahman
Sr. Assistant Sceretary
CIT Department, [UT

i

Printed by : M/s Nishan Computer & Printing
38, Bangla Bazar (2™ Floor)
Sadar Ghat, Dhaka i

Dedicated to my father and father-in-law who died while T was
doing my PhD.

--- Md. Rafiqul Islam

Dedicated to my beloved eldest son Zisan Mashroor Hrid, my
father and father-in-law who have left this world for good.,

-—=- Md. Abdul Mottalib




e — T — -

Mess.age

I am pleased 1o note that the first edition of the 1ext book Data Structures
Fundamentals has already been exhausted. It proves that the book had good
demand among the students. | appreciate that realizing the demand of the
book the authors have revised it, updated it and steps have been taken for
bringing out a second edition. I congratulate the authors for their meaningful
initiative.

At this point, it is worth mentioning that TUT is very conscious about quality
and it gives particular importance on the quality of education. Our efforts
are always directed towards continuous updating of syllabi by including new
topics to familiarize the siudents with the contemporary knowledge. T am
confident that the authors given due consideration to this idea,

Although the book was reviewed before the publication of the first edition,
there would always remain some scope for improving its quality both in
terms of its contents and manner of expression. In my view, the best way 1o
address such problems is 1o get comments from the users of the book. As
such [ hope that the authors have tried to get the comments of the users from
all possible sources and all constructive suggestions have been incorporated
in this edition. Still there might be some points lefi, which could be further
developed. T would therefore, invite the future users w come up with their
views and contribute for further improvement of the future editions,

Finally, I sincerely hope that this edition will be more acceptable to the users
than the last edition; it will be more useful to them and meet most of their
demands. Under the situation, 1 will alzo feel that the cooperation extended
by IUT in publishing the book has been worthwhile.

; 3o .

Praf. Dr. M. Imtiaz Hossain
Vice-Chancellor, IUT
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CHAPTER ONE

BACKGROUND

" OBJECTIVES:
ihi Identify data strecture
(TY Idemtify algonthm
Identify program

Describe the importance of data structhire
Identify complexity of algorithm

-

ooy o

1.1 Data Structure

In "Data Structure” there are two words, one is data and another is structure.
Data means raw facts or information that can be processed to get results or
products.

- Elementary items constitute a unit and that unit may be considered as a
structure. As for example, some clementary items like hand, leg, eye, car,
nose, bone and some others constitute a human body. Seo, human body is a
structure. Similarly some elementary items like picces of wood, iron, rmxine
etc may constitute a chair, which is also a strecture. A structure may be
treated as a frame or proforma where we organize some elementary items in
different ways. Like structures in our environment, dala structure is also
constituted with some elementary data items.

Data structure is a structure or unit where we organize elementary data items
in different ways and there exists structursl relationship among the items.
That means, a data structure is a means of structural relationships of

clemeniary data items for storing and retrieving data in computer’s memory.
Usually elementary data items are the elements of a data structure. However,
a data struciure may be an efement of another data structure. In other
words a date structure may contain another data structure.

Example of Data Structures: Amay, Linked List, Stack, Queue, Tree, Graph,
Hash Table etc. 4

Types of elementary data item: Character, Integer, Floating point numbers
clo.




Dt Struetures Fundamentals 2

Expressions of elementary data in C/C++ programming language are shown
below:

Elementary data ilcm Si00 In n
Character char
Integer int
Floating point number Moat

1.2 Operations on Data Structure
We can also perform some operations on data structure such as insertion
{addition), deletion (access), searching (locate), sorting, merging ete.

1.3 Alporithm

[t is a set or sequence of instructions (steps) that can be followed to perform
a task (problem). To write an algorithm we do not strictly follow grammar of
any particular programming language. However its language may be near to
a programming language. Each and every algonithm can be divided into
three sections, First section is impud section, where we show which data
elements are to be given. The second section is very important one, which is
operational or processing scction. Here we have to do all necessary
operations, such as computation, taking decision, calling other procedure
{algorithm) etc. The third section is oupur, where we display the result
found from the second section.

1.4 Program

A program is a set or sequence of instructions of amy programming language
that can be followed to perform a particular task. For a particular problem, at
first we may write an algorithm then the algorithm may be converted into a
program. In a program usually we use a large amount of data. Most of the
cascs these data are not elementary items, where exists structural relationship
between elementary data items. So, the program uses data structure(s). Like
an algorithm, a program can be divided into three sections such as input
section, processing scetion and output section,

Chap.-1 Background i

1.5 Importance of Data Structure

Computer science and computer engineering deal with two jargons which are
software and hardware, Without sofiware, hardware (electrical, mechanical,
electronic parts of computer that we sce and touch) is useless. So, study of
software is very important in computer science, and software consists of
programs, which use different types of data. In a program we not only usc
elementary data items but also use different types of organized data. In other
words we use data structure in a program. As we know we write programs to
solve problems. That means to solve problems we have to use data
structures. The different data structures give us different types of facilities. If
we need 1o store data in such a way that we have 10 retrieve data directly
irrespective of their storage location, we can get this facility using one type
of data structure such as array gives us such facility, In some cases, instead
of direct access, we may need efficient use of memory and this can be
performed using linked list. In our daily life we handle list of data such as list
of students, list of customers, list of employees etc. However each of these
entifties {student, customer, employee cic.) may have different antributes. As
for example, a student has roll number, name, marks attributes and these are
different in types. But, how to organize them so that we can handle different
types of data as a unit We can pet this facility from record or structure.
Thus importance of data structures is many folds in storing, accessing,
arranging data. By achieving the knowledge of data structure we can use
different types of data in programs that are used to solve various problems
required in our life. Without knowledge of data structures we are not be able
to solve problems where we must use them. In programming language there
are provisions to use different types of data structures, so that we can
organize data in different ways and solve the problem properly. In fact, we
can optimize the amount of memory by using proper data types. In other
words, withoutl knowledge of data structures we will not be able to wrile
program properly, hence we will not be able to solve problem. Therefore, for
the stugents and teachers of computer science and engineering the
knowledge of data structure is very much essential.

Fornw-2
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L.6 Complexity of Algorithm

There are two types of complexities: One is time complexity and another is
Space complexity.

Time complexity: This complexity is related to execution time of the
algorithm or a program. It depends on the number of element (item)
comparisans and number of element movement (movement of data from one
place io another). However, the complexity of the most of the algorithms
described here related to the number of element comparisons, So, the
complexity of the algorithm is computed with respect to the total number of
clement (item) comparisons needed for the algorithm,

Space complexity: This complexity is related to space {memary) needs in
the main memory for the data used to implement the elgorithm for solving
any problem. If there # data items used in an algorithm, the space complexity
of the algorithm will be proportional 1o .

The complexity of an algorithm (cither time complexity or space
complexity) is represented using asymptotic notations. One of the asympiotic
nmatimjsl 15 O (big-oh) notation. In general we write T(n) = O(g(n)) if there
are positive constants C and n. Such that T(n) <cg(n) foralln,n = ng. In
words the value of T{n) always lies on or below cgin) for 1 = ng In this
book we have represented the complexity using O notation. Big-oh ()
notation is also called upper bound of the complexity. If we get the total
number of element comparisons is 1 #' ~ % m, then we can write it as O
(n’). Since (% n’ — % n) < w’. Similarly 10n* + 4n + 2 = O (n"). Since
100"+ 4n + 2 <l1n’,

Table-1: Shows the advantages and disadvantages of the various data

structures:

Data Structure Advantages Disadvantages

Array Qumkmmnom very fast | Slow search, slow
gceess if index known deletion, fixed size

Linked list Quick insertion, quick | Slow search
deletion

Stack Provides last-in, first-out | Slow access to other
{LIFO) sccess itemns

Queue Provides  first-in, first- | Slow access to other
oul(FIFO) acoess items

Chap.-1 Background

Data Structure Advantapes Disadvantages
Binary trec Quick search, insertion, | Deletion algonithm 15
deletion  (if tree remains | complex
balanced)
Hash table Very fast access if key | Slow deletion, access
known, Fast insertion slow if key not known,
inefficient  memory
uSAgE.
Heap Fast insertion, deletion Slow access o other
items
Graph models real-world situstions | Some algorithms are
slow and complex
Summary:

Data structure i$ a structure or unit where we organize date items
in different ways and there exists structural relationships of them (data
items).

Alpgorithm is a set or sequence of instruclions (steps) that can be
followed to perform a particular task (problem).

Program is a set or sequence of instructions of a particular
programming language that can be followed to perform a particular task.

Daata structure is the most impontant building block of 2 program. It
facilitates organized storage and easy retrieval of data.

There are two types of complexity-the time complexity and the
space complexity. Time complexity is related with the number of element
comparisons and element movement. Space complexity is used to determine
the memory space usage and requirements for a particular problem.

B TS
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e ARRAY

. What do you mean by data structure?
4. What are the objectives of learning data structure?

! & What are clementary data types?

4. What do you mean by space complexity? OBJECTIVES:
“47  Define data structure. Give examples. ¥ Identify array
6. State two complementary goals of the study of data structure. g Sh?w data :Elnring nnd accessing methods using aray
7. Data structure is & structure that may contain another data structure, : l":;ﬂ::m ""","g T'y
Explain the statement with example. i imensional array
8. Define elementary data type and data structure. ¥ Show data storing and accessing processes using two-

dimensional armay

Describe the process of representation of two-dimensional amay
in computer'’s memory

¥ Write algorithms using two-dimensional array

9. What do you mean by a data structure? Explain the basic operations that
are normally performed ona  particular data structure,

10. Differentiate between atomic data type and structured data type.

11. What is the difference between an algorithm and a program?

Ll

ARRAY

2.1 Definition
An array 1= a finite sct of same type of data items. In other wonds, it iz a

collection of homogeneous data items (clements). The clements of an amay
are stored in successive memory locations. Any element of an amay is
referred by array name and index number (subscript). There may have many
dimensional arrays. But usually two types of array are widely used; such as
one dimensional {linear) amay and two dimensional armay.

2.2 One Dimensional Array
2.2.1 Definition
} An array that can be represented by only one dimension such as row or
column and that holds finite number of same type of data items is called one
dimensional (linear) array.

1 2 3 4 5 6 7 B 9 10

ArcayB—®| 0 | 10 | 12 | 15 | 19 | 20 | 18 | 23 | 29 | 39

- Figure-2.1: Graphical representation of one dimensional amay.
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Here 1,2,3, ... ... ..., 10 are index number, and 0, 10, 12, ... ... ..., 39 are
data items or clemenis of the array and B is the armay name. Symbolically an

element of the armay is expressed as B, or B[], which denotes ith element of
the array, B.

Thus B[4], B[9] denotes respectively the 4™ element and the 9 slement of
the amray, B.

The name of the armay usually is a name constituted by one or more
characters. Thus array name may be A, &, Siock, Array! eic. The element of
an armay may be number (integer or floating point number) or character.

Expression of one dimensional array in C/C™*:
For integer array: int a[10];
For character armay: char b[30];
For floating point armay: float c[10];

float B[10];
A
| =y
Data Type Array Name Array Size

Figure-2.2: Declaration of Amy in C/C™.

2.2.2 Store an clement into an srray
B[4]=19; it means 19 will be stored in the cell number 4 of the array of B in
the Figure-2.1. If there is any (previous) value that will be averwritien,

2.2.3 Read (retrieve) a value (element) from an array
x = B[6]; it means the value of x will be 20, since the cell number 6 of the
amay, § contains 20 (see Figure-2.1).

The above expressions are as like as C/C++,

T 3
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2.2.4 Code in C/C++ for storing data in an array
it [ 10]:
for (i=0;i<10; ++i)
scanf ("%ad"”, &x[d]);
We can store integer type of data to the amay, x using above segment of
eodes.

Code in C/C++ for reading data from an array and the data will be displayed
on the monitor's scoeen:
for (i =0; i =20; ++i)

printf (“%d”, x{{]);
Problem 2.1:
Given a list of elements, write an algorithm to store the list of clements
(numbers) in an array and find out the largest element of the list.

Algorithm 2.1: Algerithm to search the largest element of a list

1. Tnput: {1 . .. nJ;
Lfor(i=1;i=n;i=i+1)

store data to x{i];
3. large = x{1];

4. for(f=2; i sn;i=i+1)
if (x{i] > large), large = x[i]; // that means if any element larger
than the previous upgrade large
5. Output: the largest number (print the value of farge)

Commenis;: x is the amay to store data and o is the size of the list. The above
code is as like as C/C++, but not exactly written in C/C++. We shall follow

this style for other algorithms.

—
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Problem 2.2:

Given a linear armay with data, find out a particular (specific) element of x
from the armay. We do not know the index (cell) number where the element
has been stored.

Algorithm 2.2: Algorithm to search a particular element from a list

I. Input: A set of data in array a, and variable x i.e, the target
clement
afl ...« x
2 found=10
Afor{i=1:i=ni=j+ 1)
{
if (ai] = = x)
location = i, found = 1, break:
i
4. Qutput: if (found = = 1), print “FOUND" miessage and location,
clse print “NOT FOUND" message.

Problem 2.3:

Giiven a list of integers stored in a linear army. Find out the summations of
_ndr_f numbers and even numbers separately.

Solution: Given a list of integers, we have to find out the odd numbers and
then we shall add those odd numbers, Similarly, we shall find out the even

numbers in the list and adding those numbers we shall et the summation of
even .

To store the results, we require two variables; sum _even and sum_odd.
Initially, values of these variables will be zero {0} and every time we find an
even number we shall add it to the sum_even and we find an odd number, we
shall add it to the sum_odd. If & number is divisible by 2 it is even, otherwise

odd,

Chap.-2 Array 1

We have to start from the first number of the list. If it is even, it will be
added with the sum_even and if it is odd, it will be added with the sum_odd.
Similarly, we shall access whole list one by one and add them with either
sum_even (if a number is even) or sum_odd (if a number is odd).

Algorithm 2.3: Algorithm to find the summations of even and odd numbers
1. Input: An array and variables (to store the results of summations)
A[1...n), sum_odd = 0, sum_even = 0;
2. for(i=1;i smi=i+1)
i '
if (A[{]%62 = = 0), sum_even = sum_even + A[i];
else sum_odd = sum_odd + A[i];
}
3. Output: Summation of odd numbers (print sum_odd) and
summation of even numbers (print sum_even)

Comments: Here A is an array that holds a list of integers and n is the size
of the list. sum_odd, sum_even are two variables 10 store the summation of

odd numbers and the summation of even numbers respectively.

Problem 2.4:
Given a list of integers stored in & linear array, find out the summations of

numbers in odd indices and even indices separately.

Solution: This problem is similar to the problem 2.3. Here the difference is
that, we have to check whether the index is odd or even.

Algorithm 2.4: Algorithm to find the summations of even and odd indexed

nurnbers
1. Input: An array and variables (to store the results of summations)

A[...n), sum_odd = 0, sum_even =
2for(i=1;i smi=i+1)
{

if (%2 = = 0), sum_even = sum_even + A[7];
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clse sum_odd = sum_odd + A[i];
y .
3. Output.  Summation of numbers in odd indices (print sum_odd)
and summation of numbers in even indices (print
sum_even)

Comments: Here 4 is an array that holds a list of integers and n is the size
of the list. sum_odd, sum_even are two variables io store the summation of
fiumbers at odd positions and the summation of numbers at even positions
respectively,

Problem 2.5:

Given a list of integers stored in a linear array and a data element, insert the
element into the armay at a given position,

Algorithm 2.5: Algorithm to insert an element into an array.
1. Input: An array A[1...n], the position of insertion m end the data x.
2. Increase the size of the array, A[l..m + 1]
3.fnr{f=n;£bw;f=i'71} g

A[i + 1] = Ali];
4. Alm]=1x;
5. Output: The army, A with size i + 1.

Comments: Here it is assumed that all the cells of the array, A contains data.
S0 the data from the positions m 1o n of 4 are copicd (transferred) to the
positions m+! to n+] of the amay A. Now the position m of the array A is
empty and the element to be inserted in placed at the position.

Problem 2.6:

Given a list of integers stored in a linear array, deletc a data from a given
position of the amy.

Algorithm 2.6: Algorithm to delcte an element from an array.

1. Input: An armay A[1...n), and the position of deletion, m.
Llor{immicn:f=j= 1)

Al =Afi+1);

3. Qutput: The updated array, A,

Chap.-2 Array i

Comments: Here the data of the positions m o n-/ are overwritien by the
data of the positions m <+ [ 10 n of the armay, 4. Now the position n of the

array is empty.

Problem 2.7:
Given two lincar arays of integers, merge the two arrays into a single amay.

Algorithm 2.7: Algorithm to merge two amays.
1. Input; Two arays A [1...m] and B[1...n]
2. Take an armay M[1... m + n] ;
dfor(i=lji<=mii=i+1)

MTi] = A[i);
d.for(i=1;i<=mi=i+1)

Mitm) = B[},
5. Ouatput: The merged armay, M

Comments: Here the output array is M. For merging the data of the army, A
are copicd to the positions ! to m of A and the data of the array, B are copied
to the positions m + [ 10 m +n of M,

23 Two Dimensional Array

23.1 Definition

Two dimensional array is an amray that has two dimensions, such as row and
column. Total number of clements in a two dimensional array can be
calculated by multiplication of the number of rows and the number of
columns. [f there are m rows and »n columns, then the total number of
clements is m = n, and m = n is called the size of the armay. OF course, the
data clements of the amay will be same type. In mathematics, the iwo
dimensional army is called a matric and in business it is called fabfe. A two
dimensional array can be expressed as follows:

Ayor Al f] for | =i =mand | =f =r (where m and n are the number of
rows and columns respectively, see Figure-2.3).
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Afl.. H.m,ll esa wee ]

m rows n columns

Figure-2.3: Symbolic representation of two dimensional array.

d 2 % ¥ W § ¥ H
1o e[o]us|»]sls
2 | 5% | 5 & | ™| | |80 | s
Array B 3 | = - - - Size =g x§
S T P e 7 &
% e Los HN‘»-.;.- Cell B4][5]
3 In Nl 2| w | w4 |3

Figure-2.4: Graphical representation of two dimensional array

Two dimensional array can be expressed in C/C** as follows:
int Alm}{n]; // Here m is the number of rows and n is the number of
columns [see Figure-2 5]

float B[&][8];
0
| ) |
Array Name MNo. of rows Mo. of columns

Figure-2.5: Declarution of two dimensional armay in CAC++

Size of this amay is 6 = 8. So, total number of clements or items is Gx8=48,

Chap.-2 Array 5

1.3.1 Store and retrieve values in and from array
Data elements can be stored in a two dimensional armay using loop or

directly as shown below:
int B{7][3);
for{inti=0; (=< T;++ )
{ Hstoring data taken from
for (intj=0;7<3; ++ ) 5
scanf (“%d”, &B[A[]);
H
Or,
int B[7][3]= {
(1 2 3.
{9,10, 11},
b /Direct i on of
clements
(22,25, 40)
b
Figure-2.6: Program segment in CfC4<+ to store data in 8 iwo dimensional
aray.

B[3]{5] = 75; which means 75 will be stored in the cross section of the 4™
row and 6™ column (see Figure-2 4},

- On the other hand, x = B[5][2]; here the value of B[5]{2] is assigned to x. So,
the element in the position of 6" row and 3™ column will be assigned to the
variable, x.

233 Two dimensional array representation in memory

The elements of a two dimensional armay are stored in computer’s memory
row by row or column by column. If the amay is stored as row by row, it is
called row-major order and if the armay is stored as column by column, it is
cilled column-major order. Suppose that there is a two-dimensional amay of
size 5 % 6. That means, there are 5 rows and 6 columns in the aray.
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In row-major order, elements of a two dimensional array are ordered as —

Ilk_lh Az A Are Ass A'H 'I.’u" Az A, "‘“"ﬁ‘h""'“f + Al e 'r["“ Mgy Agl e -t |
il row 2 row 5

and in column-major order, elements are ordered as —
i-ﬂ“l Ay, Ay, MI: .I'u.l. Az, Ass, Ao Ajn oo o Mg E"“ ﬂﬁ ey A!I
colamn | uﬂum; caolumn &

Figure-2.7: shows these amangements in details. Here, 1%, 2" 3" e
denote the position number (cell number) of the elements of the
array.

1w 2nd  3d g §eb o fth
¥ ¥ ¥ ¥ ¥ ¥

An | An | An l Au | Ais | A

A

i *| Ax Az An Az Az

13 | Ay p . ol B )
= = - - - Ay, | 24
25 *| Ag As Ay An Ass Aii
. - .. [
26" 2R 28k 20 30
(=) Row-majar order
I gb 1w
¥ ¥ ¥
An An Ay - fa A [* 26w
20d | Ay | An 3 2 5 Ax & 27
¥ A da] - | - | .| Ao
4 > AL | As : - = Ac b+ 208
¥ PlAa | Aa| - | . | Ae| Ax ¢ 300
&
25:k
(b} Column-major order

Figure-2.7: Pictorial view of two dimensional armay representation in

memory
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2.3.4 Location of an element of a two-dimensional array

Rov-major Order:
If Loc {A[i, j]) denotes the location in the memory of the element A1 or
~ Ay, then in row-major order —
Loc (A[i, /) = Base (A) + (n (i -1} + (/- 1)) * w;
Here Base (A) is starting or base address of the array A, n is the number of
columns and w is the width of each cell, i.e, number bytes per cell.

Ifnhm—mqf or Order;

In column-major erder,
Loc (A[, j]) = Base (A) + (m (j - 1)+ (- 1)) * wi
I,Hm Base (A) is starting or base address of the array A, m is the number of

rows and w is the cell width.

II i: ! :
‘Base address, Base (A) = 100, Size of the array = 5 * 6, If the type of array is
integer then find out Loc (A[4, 3]).

If the armay is siored in row-major order:

Loc (A4, 3)) = Base (A) +(n (i - 1)+ {f-1))* 2 (2 bty for cach
=100+ (6x3+2)*2 integer cell in C/C™)
= 100 + 40

=140

If the array is stored in memory in column-major order:
Loc (A[4,3]) = Base (A} +m (j- 1)+ (i - 1)*2
=100+ (5=2+3)*2
= 100+ 26
=126

Problem 2.8:
Given a two-dimensional array, find out the summation of the boundary

elements of the armay. Here no element should be added twice.
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Problem 2.10:

Given a two dimensional arra find ’ 2
of the array, e T Ut Y memnaation of dagoml clements

Algorithm 2.9: Algorithm 1o find out i diagonal elements
summation of
l_hputatwndinmwamy ¢
Bli...n 1..n]
supi ={;
2. Fﬂﬂmhﬂltgmlehnmmdaddﬂummth:m
{for{i=1;i <n: i=i+1)
for (f=1; j in; j=j+1)
|F[i=jﬂi+j=n+]],.tm-m-l-B[i.j]

-;]wﬂimsunmummlhnﬂ (ie., i+j=a+)]
3. Output: Print sum as the result of summation of diagonal elements.

Array Blo] o
Hown = § i__.' 1 3 » . i

iti=as

4
5 ]~ P i=f

Figure-2.9: Diagonal elements of a two-dimensional array.

-t
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Problem 2.11:

There are 40 students in class. They have written 4 class tests of a course.
~ Find out the average of the best 3 class tests for cach student.

Bolution: First, we compute the summation of marks of 4 class tests for each
gtudent. Then we find minimum marks among those 4 class tests, By
subtracting the minimum marks from the summation and dividing by 3, we
jget averape for cach student.

Algorithm 2.10:

1. Input: a two-dimensional amay (to store the marks of class tests
of each student) and a one-dimensional armay (to store the
average of marks of each student})
marks{1..40, 1.4], avg_mrk{1...40]

2. Add all class test marks for each student
forf{i=1,i sA0;i=i+1)
{
sum = 0;
min_mrk = marks{i,1];
for (f=1;j =4; 7 =j + 1) Nsecond loop slans
{
suem = sum + marks[ij];
3. Find out the minimum {worst) class test marks
: if (min_mrk > marks{{][7]), min_mrk = maris{i,j};
} {f end of the second loop
4. Compute the average marks of best three class tests.
ave_mrH{i)= (sum — min_mrk)/3;
} - J{ end of the first loop
5. Dutput: Average of best three class test marks, avg_mrk{40];

Commenis: Here marks[40, 4] is a two-dimensional amray that holds four
glass test marks for each of the 40 students and avg_mrk[40] is an armay 1o
#lore the computed average marks of best three class tests. sum is a variable
1o store the summation of all (4) class lest marks and min_mrk is a variable
o store the lowest mark of four class tests for each student.

B

/i first loop starts
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Solution: First, we have to identify the boundary elements. In a two
dimensional armay, elements of first column and the last column and the first
row and last row are the boundary elements as shown in the Figure-2.8.

Here the index, i represents the row number and  represents the column-
number. When i is 1, the row is the first row and when i is m (where m
represents the number of rows in the armay), the row is the last row.
Similarly, when j = 1, the column is the first column and the index of the last
column is j = n. So, 8 number in a two-dimensional array is a boundary
clement ifi=1,i=m,j=1o0rj=n,

We shall start from the first number of the armay. If it is a boundary element,
the number will be added to the sum (which is a variable to store the result
and initially it is set zero). We shall check every number whether it is a
boundary element or not, if the number is a boundary clement it will be
added to sum. Otherwise, we shall proceed with the next number of the list
{armay) and continue the process to the end of the list.

Algorithm 2.8: Algorithm 1o find the summation of boundary elements .
1. Input: a two-dimensional array

All..m,1...n]

sum =0

2. Find each boundary element
for(i=1,i Sm;i=i+1)
for(f=1;j=n j=j+1)
=1 =1i=m|j=n), sum=sm + A[i,]],

[Boundary elements are those elements whose index i = 1 orj = 1, and those
whose index = m orj = n) and add it with sum (previous result)]

e

3. Output: Print sum as the result of summation of boundary elements.
-

Chap -2 Aray e

Array B[m][n] Index.i=1
n=6 | =
m=§ i i1
L L
l Index, j=n
——
f Index, j =1 Lndex, i =m
E?igum—lﬂ: Boundary elements of a two-dimensional array in a pictorial
view
Problem 2.9:

Qiven a two-dimensional amay find out the summation of the diagonal
ts of the amay.

-llllﬁnll.: First, we have to identify the diagonal clements. A diagonal
glement is one, whose cither row index and column index are equal or the

summation of row index and column index is equal w n+f where n is the
number of rows or columns [here, number of columns and number of rows

are equal],

the Figure-2.9, shaded elements are dingonal clements. The column
Hu: of all clements of the first diagonal (from the upper left comer to the
right comer) are equal to their corresponding row indices. On the other
in second diagonal (from the upper right comer to the lower left
somer) the summation of the row index and the column index is » + { for all

We shall start from the first number of the armay and check, whether it is a
dingonal element or not. If it is a diagonal element, it will be added to the
sum, which is a variable initially set ero to store the result of summation of
diagonal elements. We shall advance to the next element and one by one
‘we shall go through the whole list

If the value of n is an odd number, then the middle number of each of the
f-'twn diagonals will be common to both diagonals. So, this number will be

' udded twice. So, this number should be subtracted from final summation

Forma-3 ;

r
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Note: For each time, 1o calculate the summation of all class test marks and to
wdentify the lowest class test mark of a particular student the variables sum
and min_mrk arc initialized within the loops.

Summary:

Array is a collection of homogeneous data items. The armay, which is
represented by only one dimension (row or column) is called one
dimensional amay, whereas an array represented by two dimensions such as
row and column is known as two dimensional AITAY.

Oiestions:

1. What is linear array? Explain with example.

2. Write an algorithm to find out a particular item from a gwen list of items
siored in a lincar array.

3. Write an algorithm to insert an item in a particular position of an army.,
Given a list of elements stored in an array, writc an algorithm to find ouwt
the largest clement from the armay.

5. You are given an amay of soried data in ascending order. Write an
algorithm to rearmange the elements of the armay in descending order
without using any sorting algorithm and extra data structure.

6. What is a linear armay? Write an algorithm to delete an item from a
linear array.

1. Definc iwo-dimensional array.

8. Describe how a two-dimensional army can be stored in computer
MEmory. -

9. How address of a particular element of a two dimensional array can be
computed? Explain,

10. Write an algorithm to find out the summation of the diagonal elements
of a two dimensional array.

11. Given an amay of size 35 % 40, The base address of the array is 1000,
Find the address of A[18)[32]. Write down the formula first, then
cilculate.

12. Suppose there is an array A of size 40%30, The base address of the array
is 100. Calculate the address of A[23][15]).

Chap.-2 Array FE]

13. Given a two dimensional array with m % n size. Write an algorithm to
find out summation of the boundary clements, where no element will be
added twice. !

14. Describe when a two-dimensional armay is required to use n
programming or Algorithm. s g

15. Write an Algorithm to print out the following tnangle.

1

- 3

4 5 6

7 8 9 0

L. joik 3 4 5

16. What is string? Write a procedure to count the number of a given
subsiring occurs in a given string.

Problems for Practical (Lab) Class

Array related problems , '
Problem 2-1: Write a program io enter 10 integers in a onc dimensional
array and display (print) the data on the screen.

i i i find
Problem 2-2; Write 2 program to store tﬂmtenﬂ!msmmylnd _
out the summation and average of the numbers. Display the numbers, their
sum and average {with points) separately.

i fa given
Problem 2-3: Write a program to find out the l:rgcsu-.nd smallest o
list of numbers in an armay. Display the numbers, their largest and smallest
separaiely.

PnhlunH:Wﬁmnpmgmmrmduutdwwmthnnhm::numhm
and odd numbers from a given list of numbers in an armay. Display the
numbers, the summation of even numbers and odd numbers separately.

Problem 2-5: Write a program 1o find out the nu:m‘ml:iﬂmnl'ih:mmhcra
stored in even indices and odd indices of an array. Display the numbers, the
two summations separately.
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Problem 2-6: Write a program to m merge arrays
. , ErEe two arma two
make single one). Display the data of the tIJ.m:l:ri.:.rjlr:I g

Problem 2-7: Given an array with data in all positi i

f . ¢ ; th positions. Write a program
insert an item in a particular position of an armay in such a way lhalmdaz
will bc_Ipﬂtandda!l will be in previous order. Hints: insert an element, x in
ith position where i ﬂnmdnisﬂ::aimufﬂlcm}r. Increase the size of the

amay, shift all the elements starting from position i | ] i
P ooy tarting position i, and insert the element in

Problem 2-8: Given two arrays of same sizes with data (i
! : k2 (inte, arranged
in ascending orders. Create third amay that will contain the dﬁsc::f the first
iwo armays and the data will be amanged in ascending order, Condition: write
l:hepmgnm without using any sorting procedure. Hints: compare and merge
{write) in third array without using any sorting procedure.

roblem 2-9: write a program to find summati undary
clements of a two-dimensional amay, o ook

,;ji'rnbkm 2-10: write a program to find out the summati iagona
clements of a two-dimensional armay. < dgghen :

Problem 2-11: There are 10 students in a course, They have written 4

quizzes for the course. Write a program 1o find out verage
quizzes for cach student of the course. . o

CHAPTER THREE

RECORD

OBJECTIVES:
| ¥ Identify record

» Show data storing and accessing processes using record
» Write algorithms using record

» Differentiate the array and the record

El'l is a collection of non-homogenous (different types of) related data items.
Each item of a record is called a feld or attribute. Related data items of a

‘person may constitute a record. The following data items may constitute a
- record.

Data Items Types Length
Person's ID / MNumeric 6 digits
Person's Name Character string 40 characters
Telephone No. Numeric 9 digits
Due MNumeric 6 digits

in C/C++ is called structure. A structure can be defined as follows:
struct
{
int roll_no;
char *name;
int marks,
Student;

“name” is a pointer vaniable that points a character type variable (data
ltem). If the length of “name” field is 40, memory requirement for the above
re (record) = 2 + 40 + 2 = 44 bytes; as cach integer occupies 2 bytes
and each character is of 1 byte.
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An array may be a member (field) of a structure {record). A structure
(record) may be an element (data item) of an array.

Example:
1.
struct
{
int roll_no;
char Namwe[40];
int marks;
tStud; )/ Here, Name[40] is an array which is a
member of the structure, Sed.

2).
struct
{
int roll_no;
char Name[40];
int marks;
1 Student [30];

Here, Student is an armay of structures where members are roll o, Name[ ]
and marks, and Namef | is an array.

We can assign value to the members of the structure (Stud) as follows:
Stud.roll no=5011:

Stud.name[ ] = “H.M. Mehedi Hasan”;
Stud.marks = 30;

If there is an array of structures, we can assign values to the members of the
structure {Sindent) as follows:

Student [2].roll_no = 5011
Student [2].name[ ] = “H.M. Mehedi Hasan";
Student [2].marks = 50;

Memory requirement for the structure, Student (in example 2):
(2 + 40 + 2) * 30 bytes

= 44 = 30 bytes

= 1320 bytes

lfwtwanltumd:htnur:mrd{a.mmw] for more than onc person or
mudnﬂmcmmﬂ,ﬂr:nw:hwemdmlarc{deﬁnn}mpﬁmm,ﬁm
disadvantage is that, for these types of array a huge amount af memory space
nuybr.mi:umlarwmnd. -

Problem 3.1: D&ﬁnslrmd{mmm}nﬁmﬂmﬁuﬂsfma student and

store data for 30 students.
Solution:
simict

{
int roll_no;
char name[40];
int marks;
} studf30];

for (i = 0; 1< 30; ++i)
i
store data in stud{i].roll_no;
for (j = 0; j < 40; +4j)
store data in stud(i].name(j];
store data in stud[i].marks;
} /i For storing data we can use scanf ( ) function of C/C++

A data structure myhlhammhﬁufmumrd:tammﬂm.

Code for problem 3.1 in C/C++ is as follows:
struct
{

int roll_ne;
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char name [40);
int marks;
} stud[30];
for (i = 0; i < 30; ++i)
|
scanl ("™%d", &stud [ilredl_no;
Mash{sidin};
Bets(stud(i). name);
scanf{™%d", &stud(i].marks);
|
To display data we can write code using printf{);

Pointer to the structure:

We :anslum:htuuﬁrqpninl:rtﬁnmm{mmd},ﬁnunmtmhg

C++ code is as follows: !

struct stud

|

it roll;

inl marks;

i f sptr

struct stud * spir;

apir = pew{siud);

cin=> sptr 3 roll:

COU>>3pir —» marks:

COUt==5pir — rio];

cout<< spir—= marks;

In the above code spir is the pointer to the stricter named stud and mew is a
l keyword for allocation memory (space) for the structure,

rall marks

| 3.2 Difference between an array and a record

l. An array is a finite set of same type of data clements. In ather words, il
| is a collection of homogeneous data items {elements). Whereas a record
ll s 4 collection of non-homogenous (different ypes of) related data
items.

——

9
(hap.-3 Record

2 mmnnmafanmmud'mmﬂminamd,dm
elements are usually of different types.

5 Ituurd is a collection of nnn-hmngnn-:m'mlued data items. [t

iffierent fields or attributes. _ .
E’ mhuhﬁﬁmbgmmmymdumrdmm:n@ isa
'lun&‘nnntypunfdaubm:mdiumn{diﬂhmttypuuanm:.

Define record (structure) with example.
What is the difference between array and record?

Define array and record. _ 5
Aummminmmndﬂfnurhyit,nrmlnumhﬂnﬂedlﬂyﬂbyw

struct Ku |

1

it

char name[10];
int roll;
305
lflhum'tingja:::[mnf'milIm,udmisﬂmﬂh'mufm[lil? |
Consider the following C program segment: |
struct x|
int sub [3]; |
char name [10];
long int roll;
H
struct v |
SIruct X person;
char addres{20];
} m{20;
If the address of the m[0].person.sub[2] is 500, then what will be the

s address of m|10).person.sub[2]?
| l _ i
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Prablems P

Structure or record related problems
Prablem 3-1: Given three attributes of student record such as roll, name and

marks. Write a program using structure 1o store data for five students and
display the data on the sereen.

Problem 3-2; use the program for the problem 3-1 apd modify it 10
calculate grade for each student and display roll, name, marks and

using one row for each student. Use grade calculation rules of your
university,

Sample oulput:

Roll  Mame marks

1 Abdur Rahim BG A-
2 Shameem Raohman a5 A+

Problem 3-3: Given three atiributes of employee record such as ID, name
and basic pay. Write a Program using structure to store data for § persons
{employees), caleulste some benefits as fiollows:

i} Howsse rem:
1)  House rent = 45 % of basic pay (for basic pay equals to 10000 or
less)

b)  House reni = 40 %, of basic pay (for basic pay more than 10000 o
less than equals to 20000)
¢} House rent = 35 % of hasic pay (lor basic pay more than 20000)
i) Transport allowance = 5 % of basic pay
1) Medical allowance = 2000/- (ixed)
v} PF deduction = |05 ol basic pay.
v) Gross pay = Basic pay + house rent + Transpont allowance + Medical

allowance

¥i] Net pay = Gross ety — basic pay

Display the data as follows:
1D Name Basicpay Grosspay  Deduction Nei pay
0908 M Karim 1 240600 1504000 1200 18200
0210 A Mazid 23004 15350 2300 33050

Problem 34: Declare a structure with two attributes (ficlds) such as roll,
name and marks. Declare a pointer variable of structure type (pointer to the
structure} and store and display the data using the pointer and attributes,
Hints: see pointer 1o the structure {paje 28},

CHAPTER FOUR

LINKED LIST

OBJECTIVES: _ _
Identify Linked list and Doubly Linked List .
Diescribe the creation process of a linear linked list and Doubly
linked list _ .
Write an algorithm to create a linked list and Doubly linked list
Write an algorithm to locate a node of linked list and Doubly
linked list ' ! :
Describe the insertion process of a node info a linked list and
Dioubly linked list ‘

Write :ll algorithm to insert a node into a linked list and Doubly
linked list _ ;
Describe the deletion process of node from a linked list and
Doubly linked list ; :

Write an algerithm to delete a node from a linked list and
Doubly linked list .

Write 3;“ algorithm to armnge data of linked list and Doubly
linked hst .

Differentiate the armay and mcw lim

= .
P fattal
LINKED LIST Ej_..,—-—*E_P g
4.1 Definition oot

to make link between one data item to another. So, cach :ﬂllﬂ 'i.I-erm or
| musth!vclwpmﬁ:miﬁdltlplﬂmdmmhﬂhlmk{pomt_ﬂﬂ
par. Each data item of a linked list is called a node. Ihlnputmnmn:-
(holds) actual data I[,'i1:|.[i:|'|'|:|1|l:i-|:n11.}mm:lll!u.'linl.:pn!u'l|:m:nn'll.t_ﬂ:Jl.'h:u.aunu:ﬁ::::u;le:::=
the list. To locate the list an extemnal pninlu'isuudilhllpmmsdm .nn_“
of the list. The link part of the last node will nmwm-nymch 5o, uw;d
be mull, This type of list is called linear (one way) linked list or simply link

list.
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Figure-4.1 {a): A single node
I_.m(\ Exremal Poinier Last mosle dives nat proing any
node, therelose i i null

L‘ﬂ- B | %0 -pI!!---pm

Pointer that pomes
the next node

Figure- 4.1{b): Graphical reprosentation of a lncar linked list
4.1.1 Node declaration and store data in a node (in C/C4++)

1. Mode Declaration:

2. Daia store;

node *nptr; lideclare nptr as node type:
nptr—data = 20;  //store 20 in data part
naptr—next = NULL; /fvoid the pointer part

20 |\
Fopie
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1.2 Create a new node
1. Node declamtion:
struct node
!
int data;
node *nexy
3

2. Declare variables (pointer type) that point to the node:
node *nptr,
3. Allocate memory for new node:
nptr = new (node];
4. Insert node value:
nptr—data = 53;
nptr—next = NULL;
4,13 Create n linked list
Tnmm:hnhdhnllﬁm“lmmmm“cmptyllﬂ.mM
he external pointer to the list will point no node or the extemal pointer will
‘be nuil. After that, we have to create a new node. The data part of the new
node will contain data (information) and the pointer part will contain mull,
This temporary pointer will help us to include the next new node to the list.
‘Now we shall include this new node to the existing linked list. A temporary
pointer will be used to point (trace) the new node. Thus we establish a link
between the existing linked list and the new node. At this point there is oaly
node in the linked list. We shall create another new node and include the
1o the linked list. We shall repeat the process to include any other node.
we can create a linked list.

We can create a linked list according to the following process given in
Jroints.

1. Create an empty linked list.
(The external pointer will be nuil).
2. Create a new node with necessary data.
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{The data pan of the new node will contain data (information and the
pointer part will contain mell). 4

3. The extemal poanter will point the new node.
{A1 this moment there is only one node in the Tist)

4, Create another new node and include the node 1o the linked list.

5. Repeat and process to include any other node.

Linked list creation process using pseudo code:

I. Create an empty list, the pointer list will poing to e

list=Mull; list &

2) Crenle a new node with data:
npt = new {node); ' 40

nptr-> data = ilem;

npir ->=next = NULL; I—\
(Here the value of item is 40).  "PY

3) Include the first node to the list
lst _
s EXIN
iprt = npiry

nptr

Here tpir is temporany pointer used to make link between existing list and
new node,
4) Create another node with data and include the node to therlist:

list \\s
40 & 4
]
i npar
1ptr = mExt = npir; -
pr=nplr

=4 Linked List
1 Lim
¥
Lo
e
o
o - (=
|
)

Figure-4.2: Addition of nodes to a linked list (pictorial view).

Algorithm 4.1: Algorithm (pseudo code) to create a linked list
1 1. Declare node and pointers (list, tptr, mptr): ¢
Y mi i. struet node :
b m e, Febt ' {
o : Cintdata; ' -
node *next; ' ' :
5
ii. node *list, *tptr, *npir;
2. Create an empty list:
list = NULL:
3. Creale a new node:
nptr = new (node);
nptr—data = item;
nptr—mext = NULLj: , P
4. Make link between the linked list and the new node:
if (list == NULL) bty 13 vatfana
{
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list = nptr; :
Iptr = nptr;
]
{

tptr—next = nptr;
tpir = nptr;
}

5. Output linked list

Nuu:sinpjmd4wﬂlb=remmdlgﬂnuﬂminifmummdum
to be added in the list.

Comments: Here, nptr is a pointer that points to @ new node. The tpir is the
: mﬂnﬂﬂmhhﬁehﬁmﬁ,ﬂhﬁhh&m:ﬁuﬂﬂdﬂil“h:
variable using which we shall enter data to the new node.

Frogram to create a linked list:
Although we have written linked list creation process in detail, however,
Mmmmmurﬁnepmhlmhwﬁulmhml
wm&m“wﬁulmmmﬂiﬂdlmmm
I.n:nntm.ﬁhmﬁmllhﬁlm“hwmrﬂdﬂnchhdh
linked list and display them on the monitor. Otherwise we cannot understand
whether the Eni;cmmdpmm.uﬂmmdﬂfﬂwmmwchﬂud:
code to display data of the list
void main{)
struct node

{
int data;
node *next;

L
int i,n,item;
node *nptr, *tptr, *list; // Necessary pointers
list=NULL; #/ Create an empty list
cout<<"Enter number of nodes:™;

fist = nptz; Mnclude first node
tptr = nptr

}

I et iﬂ'ﬂﬂm’-}
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4.1.4 Locate or search a node of a linked list
Here, we have o find out a node whose value is known,

Line

\

2| 45 | 51 | B4 Fl

Problem 4.1: Find out the item 51 from above linked list. All items in the
list were stored in ascending order.

Solution: To locate the node we have to traverse the list using a pointer.
Here, we shall use a temporary pointer using which we shall find the node.

We can wrile in points:
a) We have to use a temporary pointer to traverse the list

b} At cach node we compare and check whether we have found the node or
not,
list .

F;ﬂ —T—* 4

> 51 » 84 |/
/ tptr->data = 517
totr
list
eﬂ ” > 51 84 |/

N [P

tpir = tptr->next;

i
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Algorithm 4.2: Algorithm (pseudo code) to search a node from a linked list
l. Declare node and ipir
2. Input the value to be located:
item = 51;
3. Search the item:
tptr = list;
while (tptr—data != item or tptr! = NULL) 2
{ i
tptr = tpir—next,
) :

b

4. Output: £
if (tptr—rdata = item)

print “FOUND”™
else print “NOT FOUND"

 Note: Here, Hst is an external pointer that points to the first node of the
list and tptr is a temporary pointer and item is a variable that contains the
node value to be located.

~ 4.1.5 Insert a node into a list
Mwshuﬂmnmdudumummufnund::ﬂuﬂwﬁmtmdanrh&m:

the last node and the data of the list are arranged in ascending order.

To insert a (new) node into a linked list, we have to find out (locate) the
position of the node after which the new node will be inserted. To find out
the position we shall use a temporary pointer. As we know there is an
external pointer to the linked list, which points the first node of the list. So,
we shall assign the value of the external pointer io the temporary pointer, At
the first stage temporary pointer will point the first node of the linked list.
Now we shall compare the data of the second node of the list with the data of
the new node. If the data of the second node of the list is greater than the
dlhufﬂ:nmnodc.mmweh:wfwndthéphﬁﬁmﬁ?r’umﬁﬁmh.!h
new node will be inserted afier the first node (before the second node). If the
data of the second node is smaller than the data of the new node, then we
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advance the temporary pointer. That is, at this stage the temporary pointer
will point the second node of the list. Then we shall compare the data of the
new node with the data of third node. If the dats of the new node is smaller
Hundi:dlnﬂfdmdlinimdﬂﬂmmmwﬂhhﬂﬂtﬂdlﬂuﬂ:mnd
node or before the third node. If not, we have o advance further.

BB ==h (=N

{s) An existing Linked ts apty (5 A mow Mode
Appropeiatz position for new node
i e
; w16 @ N
Epts o
I
..; 1

{e) Finding ot appropdate position for the new node I

To insert a node in between two nodes we have to perform fwo major fosks:
i) To locate (find out) the node after which the new node will be inserted.
it} To perform insention of making necessary link.

To locale the position for insertion we have to perform the following
opertions:
i}Uullmnpnnrypuimu[tpn}mduﬁmmd:uf&:ﬂu{tpn--ﬁu].
if) Compare the value of the next node with value of the new node
iii}Tnﬂmedul:mpunnrpodnn:um‘lweFuﬂ-gmuermd:ﬂhnﬂmﬁe
value of the new node. (tptr = tptr > next).
To insert the node by making link the steps are:
1) Point the next node by pointer of the new mode (nptr = next = tptr->next)
i) Point the new mode by previous node of the new node.

tptr->next™ npir

_*l.'-'l ¢ Linked List 4l

Figure-4.3 gives a clear pictorial view of insertion of a new node in an
existing linked list.

[ ]} A2

(£} Making link berween tpir and the new
node

w [lof & ] s ||ol 2 [{of

{f): Updated List

Figure-4.3: New node insertion in an existing list {pictorial view)
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Algorithm 4.3: Algorithm (pseudo code) to insert a node into a linked list

[Here, we shall consider insertion after the first node or before the last node

in an ascending list]
1. Declare node and pointers (list, tptr, nptr) b
2. Input linked list (we have to use an existing list)

3. Creale a new node:
npir = new {node);
nptr—data = jlem;
nptr—next = WLL,

4. Locate the appropriate position for the new node:
[for making link between linked list and the new node]
tptr = list;
while {(pir—nexi—sdata < npu—-«»da,m]

{ .
. tpiT = tplr—+next;
!

3. Tnsert new node at appropriate position (by linking previous and
nexi node);

npir—next = pir—next;
Iptr—nexl = npir;
6. Updated linked list
Comments: Here, list is an external pointer that points to the first node of
the list and tptr is a temporary pointer. npir is the pointer to the new node.

Addition of a node before the first node of a linked list is very easy. At first
create @ new node, Make link between the new node and the first node of the

list. Now remove the cxternal pointer and set it to the new node {the external
pointer will point the new node).

Similarly we can add a node at the end of a linked list. Te perform this task
we have to use a temporary point and traverse it to the last node (whose

pointer part is null) of the list. Now make link between the last node of the
list and the new node.

Chap.-4 Linked List 2
@
I“u N9 1—-I_TI——-I5TFI

{nl:w node}

1, nptr-> mt-hsl.

“F“" 2. list= nptr;

i) Addition of a new before the first node {pictorial view).
List.

40 48 - 33 I 39 I"x]"'ﬁ
P‘ﬂ—.r A ble Ny e
e s iaon nptr (new node)

ii) Addition of a new after the last node {pictorial view).

 4.1.6 Deletion of a particular node

To delete a particular node from a linked list, first we have to find out the
node to be deleted. Then we shall delete the node by making link between
the previous nodes and the next nodes of the node (that will be deleted). To
find out the node to be deleted, we start searching from the first node. Here
wie need umpwnrypninm-{qﬂ}mpuwﬂnmmm.mmcmning
of the searching, the temporary pointer will point the first node (i.e., tptr =
list).

If the first node is the node we want to delete, then the searching process is
completed. If we are not looking for the first node, we have to advance to the
second node of the list and compare it with the node value to be deleted,
Again if this node is our target node, then searching will be termmatud
Otherwise, we have 1o advance more. In this way, we have tq continue
searching through the whole list until we find the target node. If the target
node is not present in the list, we shall simply close our mission.
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In the second phase, when we have already found the target node and the
node is indicated by the temporary pointer (tptr), we have to delete the node.
But deleting this node we shall loose the rest part of the list (if there is any
node after the node to be deleted). So we have to confirm that The next
nodes of the list will not be lost, if we make link between the previous node
of the target node and the next node of the target node. To make this we
require a second femparary pointer (pptr) that will point the previous node
of target node.

Now, we shall make link between the previous node and the next node of the
target node (the node to be deleted). That is we have to assign the value of
next pointer of the previous node to the value of the next pointer of the node
to be deleted. Now the link is established and we are free to delete the target
. ;

If the target node is the first node of the list, we have to advance the external
pointer of the list to the next node (second node). Then we delete the target
node (i.e., the first node).

If the target node is the last node of the list, we have to assign NULL to the
next pointer of the previous node of the target node. Then we delete the
node,

Lise
4 Al 58 59
(ah A exicting Linked b
.
Hede thar i o0 b dedeed
Lt .‘

(ST B I TR

L making link berween previoui and
nexx node of the pode i be deloned
(PP ne=iptt-F o)
1 deloung the mrger node
I!*IHHI-}I-IHIH;:.N
1) U pearrd List

Figure-4.4: Deletion of an item from a linked list (pictonial view)

-

Problem 4.2: Delete a particular node from a given linked list.

Algorithm 4.4: Algorithm (pseudo code) to delete a nede from a linked list
(Here we shall not consider the deletion process of the first node and the last
niode of the list).
1. Declare node and pointers (list, tptr, pptr)
2. Input linked list and the item (that is to be deleted)
3. Search the item to be deleted in the list:
tptr = lis;
whﬂellpu'—rdtut-lm}
{pptr = tptr;
tptr = tptr—next; }
4. Delete the node:
[Make link between previous and next node of the node
that is to be deleted and delete the target node]
ppir—next = tplr—next; !
delete (tptr);
5. Output: updated linked lists

Comments: Here, list is a pointer to the linked list and tptr is a pointer that
will point the node to be deleted. And pptr is a pointer that will point the
Ftwuunﬂd#nfﬂnwmmd:[dmmdemmhdﬂﬂnd}mdhu is the
node value to be deleted.

Problem 4.3: Given a linked list, where the data of the nodes are not

| mmgdhmurdmhmg:lh:dluoﬂheﬁﬂmdliﬂinmﬂhaardu.

Algorithm 4.5: Algorithm (pseudo code) to arrange data of linked list
' 1. Input linked fist.
2. Take extra pointers pptr, fptr.
3. pptr = list;
4. while (pptr 1= NULL)
{
: fiptr = pptr—next;
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5. while {fptr I= NULL) -
!
if (pptr—data > fptr—data)

{
. interchange (pptr—data, fpir—data);
}
fptr = fptr—next;
} fend of while of step-5
PRtr = pptr—next, f
} Hend of while of step-4
6. Output: The arranged (sorted) list. -

Comments: iss is the pointer to the first of the linked list. pptr and fper are
the pointers to first and second nodes, and three pointers will be used to
amange (sort) data,

4.2 Doubly linked list

4.2.1 Definition

A doubly or two way linked list is a list where each node hutl:mu paris.
One is link or pointer to the previous (backward) node and one is data part to
hold the data and another is link or pointer to the following (forward) node.
There is an external pointer to the first node of the list. Doubly linked list is
also called two-way linked list.

S s TS TR = THT=

Figure-4.5: Graphical representation of a doubly linked list

Chap.-4 Linked List L

4.2.2 Declare a node of a doubly linked list
struct node
{
node *back;
'int data; A Sy
. node *nexi; e W
k

4.2.3 Create a node
struct node

node *back; s g i

node *next;

h
node *npir;
nptr = new (node);
npir—back = NULL; ey .
nptr—data=item; . '
nptr—next = NULL;

4.2.4 Create a doubly linked list
‘To create a doubly linked list, we have to create an empty linked hst first.
| we shall create a new node with data and include the node to the list.
jﬂuﬂnt, we shall create mlinrmwnnd:wuhd'ﬂlmdn:ludaﬂmmd: .
the list. To include a new node we have to make link between the last
uudnnfﬂmlﬂt:nﬂﬂnn:ﬂnﬂdﬂ.Tomuhlmk.lh:nﬂfpﬂmwﬂMhﬂ
will point the new node and the back pointer of the new node will point
last node of the list. Thus we can create a doubly Imkndltﬂ.Thbptﬂnml
view of this creation process is shown in Figure 4.6.
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(b) Linking the last node of the list and the new node
=
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] A
par
{c) Doubly linked list after making link

Figure-4.6: Creation of doubly linked list (pictorial view)

Algorithm 4.6: Mgnriﬂm[wmdumdcjmmlduuhly linked list

L. Declare node and pointers:

a. struct node
{
node *back;
int data;
node *nexi;
!

b. node *list, *tptr;

npir—snext= NULL;
4. Make link between the last node of the list and the new node:
if (list = NULL)
{
list = nptr;
tptr = nptr,
H
else |
tptr—snext = nptr;
nptr—back = tptr;
tptr = nptr;
i
5. Output a doubly linked list.

Note: To create several nodes we have to repeat the step 3 and the step 4.

4,15 Insertion of a node into a doubly linked list

[0 insert a {new) node into a doubly linked list, we have to find out the
psition in the list where the new node will be inserted. To point this node
we need a temporary pointer (tptr). We have to start searching from the first .
ode of the list. To performing searching we set the temporary pointer o
oint the first node. Let us consider that the data will be placed in an
mscending order. If the node value is smaller than or equal to the value of the
first node, searching ends. Now we have to insert the node before the first
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If the new node value is greater than the first node, we have lo advance the
temporary pointer (tpir) 1o the next node. Now, if the new node value is
smaller than the current (second) node, the new node will be inserted before
the current node, If new node value is still greater, advance the temporary
pointer to the next node, This process will continue until either we find the
node after which we shall insert the new node or we reach lﬁelulnndtﬂf
the list.

Now, when we have completed searching the position, we shall make link
among the node after which the new node will be positioned {mumd}. the
node before which the node will be inserted and the new node itself. That
means, as the list is & two way linked list, generally insertion takes place
between two nodes; previous node and the next node (of the new node to be
added). First, we have to make link between the node after which the new
node will be inserted and the new node. Then we shall make link between
the new node and the node before which the node will be inserted. After
making links, insertion process terminates.

If the node is to be inserted before the first node, we have to make link
between the new node and the first node. New node will be placed at the
very first of the list and then link has 1o be made between the new node and
the first node of the list. Afier that, we have to set list pointer (list) to point
the new node. If the node is to be added at the end of the list, we have to
make link between the last node and new node in such & manner that the new
node will be added at the end of the last node (after the last node).

list

1 (B2 0] b= o] —{F0 [\

. 1. nptr->next = tpir;
2. tpir->back = npir;

3. list = nptr;
i) atddfumai of a new node before the first node (pictorial view)

i
{hap.-4 Linked List

list

120 125 180 10|

=

120 [ 180 II_"fl_iml‘*I! ko)

- / -
{new node)
1. nptr->next = tpir; @ nier s

2. tptr->back = nptr;

ii) Addition of a new node after the last node (pictonal view).

ligr
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(€} Diouabiy linkid st and new node after making link
Figure-4.7: Inserticn of a node into a doubly linked list (pictorial view)
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Algorithm 4.7: Algorithm (pseudo code) to :dd anew node before the first

node.
1. Input a doubly linked list '
2. Declare necessary pointer {list, nptr, tptr)
3. Create a new node:
nptr = new(node);
nptr->data = x;
nptr->next = NULL:
nptr->back = NULL,;
4, tptr=lise
3. Make Necessary link:
nplr->npext = tptr;
tptr-=back = nptr;
6. Move pointer (list) to the new node:
list = nper;
7. output updated linked list

’(.A.Igwlmm 4.8: H.Ig:unllun {pseudo code) to insert a node in between two
mnlmg nodes
. Input a doubly linked list,
1. Declare necessary pointers (list, tpir, nptr)
3. Create a new node:
nptr = new (node);
nptr->data = x;
npir->next= NULL;
nptr->back = NULL;
4. Locate (search) the position the new node:
tptr = list;
while (tpir->next->data < nptr->data)
{
| tpir = tpir->next
i
5. Make necessary links:
nptr->next = tpir->next;
nptr->back = ipir;
tpir->next = nptr;
7. Output updated linked list.

i
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Comments: to check whether the doubly linked list has been updated
pupu‘hrufnnt.Wthuwtupﬁntlh:dannfﬂmﬁﬁininpuurdnuwllu

- peverse order.

Algorithm 4.9: Algorithm (pseudo code) to add a node at the end (afier the
last node) of the list.
l. Inputa doubly linked list
2. Declare necessary pointer (list, nptr, tptr)
3. Create a new node:
nptr = new (node)
nptr->data = x;
nptr->next = NULL;
_ nptr->back = NULL;
‘4. Locate the last node of the list:
tptr = list, )
while (tpir->ngxt t=NULL)

tpu——m,FF;F;é-a» }"'-'.5-7"-"@,;

nptr->hack = tptr;
6. Output updated linked list.

After updating the doubly linked list, we have to print the data of the list in
Input order as well as reverse order. If we find correct print out of input
‘order and reverse order, we make sure that updated (addition) has been done

properly.

Deletion of a node from a doubly link list
::jdththmamhh linked |i$t.llﬁl.'!l'lﬂ'!|‘ﬁ':‘¢ln Emlc:utth:
node 1o be deleted. For this, we shall use a temporary pointer to point the
node. When the temporary pointer points the node to be deleted, before
Hﬂin: the node we have to make link between the previous node and the
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next node of the node (o be deleted). To do this, the next pointer of the
previous node will point the next node and the back pointer of the next node
will point the previous node of the node. After establishing the link we shall
delete the target node. The pictorial view of the deletion process is shown in
Figurc 4.3

List

95 135
iptr

| us | o] a0 [ s N

(=) M|FMH hst at ﬂllh.l]:'pw

vy === ® Nodewbeddewed |

5% IF#IM%W

(b) Doubly linkesd list just before delction of a node (with value 148)

() Doubly Enked list afier making Bnk-and before deletion of the nede

Ekﬁ |75 ] = [R5 ] 20 TR ss |

{d) Lipdared doubly ok Fet after deleson of meet node

Figure-4.8: Deletion of a node from a doubly linked list {pictorial view)
Algorithm 4.10: Algorithm (pseudo code) to delete a node from a doubly
linked list

1. Declare node and pointers (list, tptr);

2. Input a doubly link list and item (value of the node to be deleted);
J. Locate the node to be deleted:

tptr = list;

while (tptr—next != NULL)
!
if (tptr—data = = item) break;
tptr = tptr—next;
i

Chap.-4 Linked List 55

4. Make link among rest of the nodes (excluding the node to be deleted):
a. If the node o be deleted is the first node of the list:
list = tpir—snext;
list—back = NULL;
[if there is only one node in the List then list = NULL]
b. If the node 1o be deleted is not the last node:
iptr—+back-—next = tptr—next;
tpir—next—back = tptr—back;
¢. If the node to be deleted is the last node:
tptr—=hack-+next = NULL;
5. Delete the target node:
g delete (tptr);
. Quiput: Updated doubly linked list.

4.3 XOR linked list

~An XOR linked list is a linked list that uses the bitwise exclusive disjunction
1o decrease memory requirements. XOR linked lists were quiltz commen in
the early days of computers, when the available memory was quite sparse.

Principle

The principle used by XOR linked list is quite interesting. XOR linked lists
are doubly-linked lists, but unlike traditional linked list, their nodes use only
- one peinter to obtain the predecessor and the successor. In order to do this,
each node contains a pointer that stores the bitwise XOR of the previous and
‘next field. Traversing the list from the beginning to the end is casy. Fora
_given item A (n), XORing the address of A (n-1) and the address of A (n)
will give you the address of A (n+1). The same procedure can be applied for
the other direction. Starting the process of traversing the list is done using
' the address of two consecutive nodes, by XORing the addresses they store in
‘order to obtain the one of the starting point.

_An ordinary doubly-linked list stores addresses of the previous and next list
items in cach list node, requiring two address ficlds:
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w A B C D *E.
== next -> next - next —=
ﬂ-pmvﬂ—pmt—m{_

An XOR linked list compresses the same information into one address field
by storing umhirwhexﬂknfth:tddrmfmmﬂumdﬂmﬁdmfw
next in onc field:

. A B c D E.
2 An =->Bel=5CaF <=

When you traverse the list from left to right: supposing you are al C, you can
take the address of the previous item, B, and XOR it with the value in the
link field (BeD). You will then have the address for D and You can continue
traversing the list. The same pattemn applies in the other direction,

To start traversing the list in either direction from some point, vou need the
address of two consecutive items, not just one. If the addresses of the twa
mmtivcimsmmwmd.ymwillcrﬂupmmingﬂnlﬁtinum
opposite direction,

Features

k]

Given only one list item, one cannot immediately obtain the addresses
of the other elements of the [ist.

Two xﬂRnpﬂaﬂnmmﬂ‘iﬂ:h}dut}wmml from one item to the
next, the same instructions sufficing in both cases, Consider a list with
items {...B C D...} and with Rl and R2 being registers containing,
respectively, the address of the current {say C) list item and a work
register containing the XOR of the current address with the previous
address (say C®D), Cast as System/360 instructions:

X R2Link R2<-CeDeRep (i.e. BaC, "Link" being the link field
in the current record, containing BeD)
XRRIR2 RI<-CoBeC (i.e. B, the next record)

— i ———
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End of list is signified by imagining a list item at address zero placed
adjacent to an end point, asin {0 AB C...}. The link ficld at A would
be 09B. An additional instruction is needed in the above sequence
after the two XOR operations to detect & zero result in developing the
address of the current item,

* A list end point can be made reflective by making the link pointer be
zero. A zero pointer is & mimor. (The XOR of the left and right
neighbor addresses, being the same, is zero.)

does it work?
key is the first operation, and the properties of XOR:

- * XoX=0

 * Xe0=X

| * XoY=YeX

L * (XeY)eZ=Xe(YoZ)

The R2 register always contains the XOR of the address of current item C
with the address of the predecessor item P: C&P. The Link fields in the
econds contain the XOR of the left and right successor addresses, say LoR.
‘XOR of R2 (C=P) with the current link field (L#R) yields CsPaLeR.

* If the predecessor was L, the P(=L) and L cancel out leaving CeR.

* If the predecessor had been R, the P(=R} and R cancel, leaving CeL.

In cach case, the result is the XOR of the current address with the next
35. XOR of this with the current address in R1 leaves the next address.
18 left with the requisite XOR. pair of the (now) current address and the

Although XOR linked lists were heavily used a fow decades ago, their usage
1§ now discouraged unless it is absolutely necessary. It is generally used only
fo embedded devices and microcentrollers, because they do have a number

L ﬂindn.m:gu:
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*  Most debuggers cannot follow the structure of such a list, making
programs very hard to debug. The code required (o use XOR lists is
guite complex, ioo.

*  Many high level languages do 'not support the XORing of pointers
directly or at all.

*  The pointers are not available if the list i not actually traversed

*  Conservative garbage collection schemes carnot be used, :ince they
need literal poiriters to work. Implementing a special garbage
collector is not practical on low-memory devices.

* Modem computer architectures have no use for such lists, since
they do have enough memory. Unrolling is generally a better choice
for programmers looking to decrease the m:i‘m;l

4 Civeular linked list
A circular linked list is a list where each node has twa parts; one is data part
to hold the data and another is link or pointer part that points the next node
and the ‘25t node's pointer points the first node of the list. Like other linked
list there s an external pointer to the list to point the first node,

I.Iilr#".\..'.

Figure-4.9: Pictorial view of a circular linked list (a circular diagram)

List
F*ﬂ 7 48 » » N
) =2 2 6

Figure-4.10: A circular linked list (linear diagram)

D
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Chap. 4 Linked List

" 4.4.1 Create a circular linked list

Creation process of a circular linked list is similar to the creation process of a
lincar link list, which had been discussed in section 4.1.4. Here we have to
do addition thing, that is make link between the last node and the first node
which will create a circle (linked list as a circle).

List Liwt wd
e - 2
| e i !
e B i
apw  Tper
{4 An empry lis (i A ncwnode " (#f) Making knk {") A orcalar Enked B
with one node

Figure-4.11: Linking process of the first node of a circular linked list
List

(i) A now nocde

(i) Makiegs tink berween Tast noxde &
= mew node, mow node & fisst node.

{1 A croalar kst with

{delede)

() Upelatind ciresilar finked kst after
making knk
Figure-4.12: Creation of a circular linked list with more than one node

Algorithm 4.11: Algorithm to create a circular linked list
1. Declare node and pointers (list, tptr, nptr)
2. Create an empty inked list

list = NTJLL;
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3. Create a new node with data: -
nptr= new (node);
nptr—+data = item;
npir—next = NULL:

4. Make link between new node and the link Jist:

if (list = NULL)
{
list = npir;
nptr—+next = list; //for circular linking
tpr = nptr;
}

else {
tpir—nex1 = nptr;
npir—next = list //for circular linking
tptr = nptr;
|

5. Ousput a circular linked list,

L]
-

Note: To create a circular linked list with severa]

e o nodes we have to repeat

4.5 Difference between array and linked list

l. An amly i a finite set of same type of data items {elements). In other
words, it is a collection of homogencous data jtems. The elemu;nl:; of an
frray are stored in successive memory locations. Any element of an arra
15 referred by armay name and index number (subscript), '

Whereas, linked list is a list or collection of data items stored in scattered
mtmry_hcaﬁnn:. Each data item has two parts. One is data part and
another is link (pointer) part. Each data item of a linked list is called
node. Data pant holds actual data (information) and the link part points to
the next node of the list. To locate the list or the 1* node of the list, an

external pointer is used. The link i
. part of the last node will not poi
node. That means it will be null. i

Chap.-4 Linked List 2

ﬁmyimpi:nmwwundepnﬂsunﬂumdhmﬂuinmm:uf
mmnryspm.ﬂn&wulherhmd,linkudﬁatdnﬁmldepmdunﬁu.
[ Typuufmymmdhnmiﬂmdimhnﬂﬂc.mﬂwnf
liniked list are linear, doubly, circular etc.
4. An element of an array can be accessed directly and access time is fixed
 as well as efficient. On the other hand, a node of & linked list can not be
accessed directly and access time is linear and not so efficient.
'§, Armay is a static data structure and a linked list is a dynamic data
d Cnmpnrhmnfuper:ﬂmuﬂunmymdlhkﬂht

Linked list
Element access is slow.

Array

| Element access is fast if index is
known.

Insertion and deletion operations are
slow.

| Element search is slow.

Insertion and deletion operations
are fast
Element search is slow.

Linked list can be defined as a collection of data items that can be
orted in scattered mmhuﬁuM.HMMMimmuﬁukﬂ
with each other. Data items are known as nodes here. We can create nodes,
ereate linked lists, scarch a node of a linked list, insert a node into a list and
ﬂelnﬂdﬁ'ﬁ'ﬂﬂﬁﬂ:liﬂ. J

A linear linked list is a list where there is only one way link
between nodes. A doubly linked list is o list where there are links in both
directions between the nodes. A circular linkd list is a list where the last
node has & pointer which points to the first node. Each type of linked list
requires an extemal pointer to point the first node of the list
] There are some differences between an array and a linked list such
a5 amay implementation depends on size but linked list implementation i5
\independent of size. Amay is a static data structure whereas linked list is a
dynamic data structure etc.
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Questions: 1

L. What is linear linked list? Explain with example(s).

2. Describe the creation process of a linked list,

3. How a node can be inserted into & linked list? Explain with example,

4. Write an algorithm to create a linear lined list.

5. Write an algorithm to insert a node at the beginning of a linked fist.

6. Write an algorithm to insert a node into a linked list. The node will not

be first not or the last node.

7. Write an algorithm to delete & node from a linear linked list.

8. Write the algorithm 1o implement a sorted linked list il'll;l which
elements can only be inserted into their proper positions.

9.  Write a function, which will destroy a linked list.

10. “Insertion and deletion in linked list is easier than array”, Explain.

11. What are the relative advantages and disadvantages of fixed length
storage structure and linked-list storage structure 7

12. 'When is linked-list more convenient than array ?

13. Define doubly linked list with example.

14. Write an algorithm 1o delete an item from a two-way [ist.

15. Write down an algorithm to insert and delete an element into a doubly
soried linked list,

16. Wrile a function 1o swap two nodes for a doubly linked list.

17. Write an algorithm to find (locate) a node of a doubly linked list.

18. When will you use a doubly linked list ? Why ?

19. What is circular linked list? Give example.

20. Write an algorithm to delete a node from a circular linked list.

21. Write an algorithm 1o insert a node nto a circular linked list.

wp.~4 Linked List

Prablems for Practical (Lab) Class
Linked list related problems
oblem 4-1: Write a program to create a linked list of five nodes where
eh node of the list will contain an integer. Display the data of the list on
fcreen.
pblem 4-2: Convent your program of the problem 4-1 as follows:

Nrite a function for node creation, another for linkage and another function
display the data, Call them to show the result of execution.
|

roblem 4-3: Write a program to insert-a node in between two existing
iles of a linked list. Display the data of the existing (old) linked list and the
dated linked list.

bblem 4-4: Write a program for the followings:

i) Add a node before the first node of the lisL

ii) Inset a node in between two existing nodes of the list.
ii{) Add a node at the end of the list.

| the data before addition and afier addition or insertion of a node.
ditions: Write a function for nodecreation, a function for addition and

function to display the data.

foblem 4-5: Write a program to delete a node from in-between two
sting nodes of a linked list. Display the data before deletion and after
ion operation.

poblem 4-6: Write a program for the followings:

i) Delete the first node of the linked list.

ii) Delete the node from in-between two existing nodes.
iif) Delete the last node of the list.

the data before and after the deletion,

onditions: write a function for creation, a function for deletion and
yther function to display the data.

roblem 4-7: Given a linked list with data arranged in random order. Write
program to modify the linked list so that it contains data in ascending
per, Display the data before and after the modification.
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Problem 4-8: Write a program to create a doubly linked list of five nodes
and display the data in input order as well as reverse order.

Problem 4-9: Write 2 program using doubly linked list for the followings:
i) Add a node before the first node.
ii) Insert a node in-between two existing nodes.
iii) Adda node at the end of the list.

Display the data in reverse order before and after the addition of 2 node.

Condition: write a function for creation, a function for node addition and
another function to display the data.

Problem 4-10: write a program to deletc a node from in-between two
existing nodes of a doubly linked list. Display the data in input and reverse
orders before as well as afier the deletion operation.

Problem 4-11: write a program in case of doubly linked list for the
followings:

i) Delete the first node of the list.

i) Delete a node from in-between two existing nodes.

i) Delete the last node of the list.

Condition: write a function to create a list, a function for deletion operation
and a function to display the data in reverse arder.

Problem 4-12: Given a doubly linked list with integers armanged in
ascending arder. Write a program to display the data in descending order
without using any sorting algorithm and/or stack.

CHAPTER FIVE

STACK

ECTIVES:

Identify stack

Describe push operation on array based stack

Write an algorithm for push operation on array based stack
Describe pop operation on armay based stack

Write an algorithm for pop operation on amray based stack
Describe the creation process of a linked stack

Write algorithm to create a linked stack

Describe push operation on linked stack

Wrile an algorithm for push operation on linked stack
Describe pop operation on linked stack

Write an algorithm for pop operation on linked stack
Application of stack

Y Y ¥ Y Y YYYYY VYWY

ALK

1 Definition

our daily life we see stack (pile) of plates in cafeteria or restaurant, stack
books in book-shop, Even a packet of papers is also a stack of paper-
eet. A book is also a stack of written papers. When anybody takes a plate
fom a stack of plates, he takes it from the top. On the other hand, the person
ho cleans the plates, he puts it on the top of the stack.

bk is a linear list where any element is added at the fap of the list and any

ment is deleted (accessed) from the fop of the list. So, for stack an

or or pointer must be used to indicate or point the fop element of the

Add operation for a stack is called ‘push’ operation and deletion

ion is called ‘pop’ operation. Stack is a LIFO (Last In First Qut)

That means the element which was added last will be deleted or
peed firs
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m&:mmlsnflsuckueaddadﬁ'umbum;mmmp,mcmpmhupmﬁm
is performed from bottom to top. The elements are deleted from top 1o
bottom, which means pop operation is performed from top to bottom.

Stack can be implemented in two ways; using army and using linked list.

8

T

6

5 1923 +— top
3 2315

2 1245

1 1025

() An array based Stack

(bottom node)
40 48 .59 » 59 —* 63
x
i .
{b) A link based stack

Figure-5.1: Graphical representation of Stack

5.2 Array based stack

The stack, which is implemented using amay is called array based stack. To
create an array based stack, at first we have to declare an amay with required
size, '

5.1.1 Push Operation

Push operation means to add an element to a stack.

Here, we shall use amay based stack, so, an array will be treated as a stack.
We need an indicator or index identifier to add element to the stack

nd this indicator will mark the top of the stack. To add an element we have
check whether the array is already full or not. If the array is already full,
we can not add any clement, otherwise we can.

top is an indicator indicates the rop element of the stack and item is an
1o be added to the stack. M is the size of the stack (array). Overflow
when we try to insert an element into the stack, which is already full.

6
5 H +— top
4 D <— top D (top = 5)
3 Q (top = 4) Q
2 F F
1 A A
(a): Before push (b): After push

-5.2: Pictorial view of push operation

rithm 5.1: Algorithm to add an element 1o a stack
1. Declare the stack and top:
stack{l . . . M], top;
2. Add an item in the stack:
if (top < M)
{
top = top +1;
stack [top] = item;
H
else print “Over Flow",
3., Output will be the updated stack.
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5.2.2 Pop Operation

Pop operation means to delete (access) an element from a stack.

Here, top is an indicator indicates the fop element of the stack, M is the size
of the array and x is a variable where we access top element of the stack.

6
H *— top 5
D (top=5) 4 n +— top
Q 3 Q (top = 4)
F 2 F
A 1 A
(a): Before pop (b): After pop

Figure-5.3: Pictorial view of pop operation

Algorithm 5.2: Algorithm to delete an element from a stack
1. Declare the stack and top:

stack[l . . . M], top;
2. Access the top elemeni:

if {top = = 0) print “stack is empty”;

else {
x = stack[top];
top=top-1;
} .
3. Output updated list.
5.3 Link based stack

The stack that is created or implemented using a linked list is called a link
based stack or linked stack.

Be 0 ™ .,

(bottom node)

40 48 M 59 |- 59 63
re-5.4: A link based stack

8.3.1 Create a link based stack
To create a linked stack, we have to use a pointer to point the top element
(o< ) of the stack. We named this pointer as top. We create an empty stack
irst. So, the topr (pointer) will be null. Then we create a new node. We
slready know how to create a new node (in chapter-4). Afier that, we make
link between top and the new node. At this stage the top points the new
. To add the second node (another new node), we make link between the
node and the stack (especially top node of the stack). To make link
stween the new node and the stack, at first the next pointer of the new node
will point the top node of the stack, then wp will point the new node, Thus
we can create a linked stack.

top
(empty stack)
6 |\ (new node)
top "--I—"'-,,“ nptr
'\* .
\|  tep=nptr;
nptr
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Tl

oy —1
63

(3) A linked stack of single node

i

:

npir
(b} A new node (nptr) and a stack of single node

2 3 v 63
WP--—-' ,.L
L2 I
nptf
(€} Addition of a new node

Figure-5.5: Pictorial view of linked stack {creation process).

*- Algorithm 5.3: Algorithm to create a linked stack
1. Declare node and pointers:
struct node
{
int data;
node *next;
h
node *top, *npir;
2. Create empty list: top = NULL;
3. Create a new node:
nptr = new (node);
nptr—data = jtem;
npir—next = NULL;
4. Make link between stack and new node:

if (top = = NULL), top = nptr;
else |
nptr—next = o,
lop = npir;
H
5. Repeat Step 3 and Step 4 to crealte stack of several nodes.
6. Output a linked stack

f:onm::l:: tap is the pointer that points the top node of the stack and nptr
the pointer to the new node. ifem is an integer type variab le.

‘2 Add an element to the stack (Push operation)

hopmtinn‘maﬁnhdmkmb:pufutmedsimplyb}flﬂﬂinglw
ode o the stack, which is already discussed when we create a linked stack.

tup—\
]
L]
2 e TR o D 59 3
1 "
$ oAt
Ex:
Sp (s) Push opeation
o [ a5 [P  [Ho 5 63
(b) After Push operation

igure-5.6: Addition of an clement to the stack (pictorial view)

Algorithm: **Same as the previous algorithm 3.3 (except step 5)
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mmhﬂmﬂrultm{l'npnpu:ﬁun]

' Pupupmnﬁmind:nluﬂud'smkhwlinph,?upmmm
delete top node from the linked stack. As we know the top (pointer), points
th:mpmdeur&euachmhﬁalmmpnbd:,w:m:tﬂmpmwmimﬂ
lhn_twillpnimlimlnpnudemd advance the top 1o the next node (using next
pointer). Now the top is pointing the next node (next of the top node). We

delete the top node using temporary pointer. Figure-5.7 shows deletion (i.e
pop) of an item from a link based stack.

i i
R T
40 48 * 59 -f-lr 59 63
®f 2| Delete (tpm)
(a): Pop operation
top
# |4 o [ 5 [l e N

(a): After pop operation
Figure-5.7: Deletion of an item from the stack (pictorial view)

Algorithm 5.4: Algorithm to delete a node from a linked stack
L. Declare node and pointers:

struct node
{
int data;
node *next;
e g
2. Input a linked stack
3. tptr = top;

4. Advance (move forward) the pointer, fop to perform deletion:
if (top—snext '= NULL)

i !

top = lop—+next,

delete (tptr);

}

else top = NULL,

5. Qutput updated linked list
Lml!:lapiilpohﬂﬁﬂnlpoinlsﬂwtupnndeufﬂwsmknndq:urisl
temporary pointer used to delete the node.

4 Applications of Stack .

.1 Checking the validity of an arithmetic expression

sing stack we can check the validity of an arithmetic expression. We know
n a valid expression the parenthesis, brace or bracket must oCCur in pairs,
That is, when there is an opening parenthesis; brace or bracket, there should
be the corresponding closing parenthesis. Otherwise, the expression is not a
valid one. The steps involved in checking the validity of an arithmetic
5100 using stack are:

a. Whenever an opening parenthesis is encountered, it is pushed on to
the STACK.

b. Whenever a closing parenthesis is encountered, the STACK is
examined,

i. Ifthe STACK is empty, the closing parcnthesis does not
have an opening parenthesis and the cxpression is
therefore invalid.

ii. If the STACK is nonempty, we pop the STACK and
check whether the popped item corresponds to the
closing parenthesis.

If a match occurs,

expression is invalid,

¢. When the end of the expression is reached, the STACK must be
empty; otherwise one or more opening parenthesis does not have
corresponding closing parenthesis and the expression is invalid.

i, we continue, Otherwise the
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Exp: [(A + B) - {C + D}] - [F + G)
' Symbol Scanned STACK
(1) [ [
(2) ( [
(3) A [
(4) ¥ [
(5) B [
(6)) [
(7) - [
[
[
[
[
[

*

— ey e gy

(8) {

(9) C

(10) +
(11) D
(12) }
(13) ]
(14) -
(15} [
(16) F
(17) +
(18) G
(19) ]

g —

— —

In the above example we see the stack |

sy P k is empty at the end, so the expression
5.4.2 Converting an infix arithmetic expression to its postfix form

An arithmetic expression can be represented in various forms such as prefix

Ilgﬁ.?t or postfix. The prefixes “pre-", “in-", and “post-" refer to the r:hl:ive.
position of the operator with respect to its operands. If the operator is placed
ll:eful'e its two operands then the expression is in prefix form, if the operator
1s placed in the middle it is known as infix, and if it is placed afier the two
operands it is known as postfix form. Let us consider a simple example with
an operator “+" and two operands A" and “B".

Prefix: + AB (operator before its operands)

Infix: A+B (operator in the middle of its operands)

Postfix: A B+ (operator after its operands)

@
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'hmuﬂhtﬂi:mmmhnmluwmpeﬂmth:npm:ﬁmmthe
mﬁwﬁ&ﬁdﬂmﬂm%.ﬂﬁr%lﬂumm
an expression 5 + 10 * 90 / 2. To evaludte this expression we have to
puformih:“"“or“.f"ﬁ:ﬂ,l}mtlw'W“npu‘lﬁnn.H:rt“"’"lnd“'.l"'
are said to have higher precedence than * + ™. Moreover if parenthesis is
present in the expression then we have to consider the operations within the
parcnthesis first. Precedence rules of operators are applied within the
mﬂmh.?hhmcdmmnfupmmmmmdmismhnpmmm
convert an arithmetic expression to various forms (prefix, infix or postfix).
ﬂ:pmmdm&miuufnpeummmhemmdufolhm.

Highest: Exponential (* or 1)
Multiplication (* or =) or Division (/ or <)
Lowest: Addition (+) or Subtraction (-)

Operators with the same precedence {*, / or +, -} aré evaluated according to
their order of occurrence in the expression. For the previous expression we
shall compute 10 * 90 (=900) first, then 900/2 (=450), finally we get the
result by computing 5 + 450 (=455).

W:-.-.muurrrvmmigﬂ:mprmimhapmﬁ:hmuﬁng;tmh‘#nsmm
scan the expression from left to right. In an expression, there may be some
pperands, operators and parenthesis {opening or closing). Each time we get
an operand it is added 1o the postfix expression. When we gel an operalor, We
-:Huﬂdnhmkihgmpnf&:stmh[fth:npmmru&uupofthemkhu
,ﬂnmnrhigh:rpmmd:m&mﬂumr:mwmmw repeatedly
pup&nmlhﬂﬁlctmdﬂdditmﬂwpmgﬁruprﬁaimmmmmmm
‘operator is pmhednn!ndnmmmmningmmhﬂisis
munurnduitpushadmihnmcludwhmmewrrﬂpnrﬁm:lnsing
mﬂhﬁhﬁmmnﬂw:mmﬂlympﬁmmummdduw
uptrltﬂﬂﬁ'ﬂmﬂlestlnkmﬂ‘nposg"ﬂ:ﬂpmmim.mmnﬂpnnﬂun
opening parenthesis is deleted from the stack. The steps involved in the
process discussed above can be written as follows.
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Scan the expression from left to right. We shall get a symbol which may be
mmndurnpm:ﬁhu‘u[np:ningwchﬁ:ﬂmmnpmw.mmbn]
is treated as follows.
Steps:
a) if the symbol is an operand, add it to the postfix
EXpression.
b) if the symbol is an opening parenthesis, push it on to the
stack.
¢} if the symbol is an operator, then check the top of the stack
1} if the precedence of the operator at the top of the stack
is higher or the same as the cument operator then
repeatedly it is popped and added to the postfix
EXPrEsSion.
ii) otherwise, it iz pushed onto the stack,
d) [Ifthe symbol is a closing parenthesis, then
1} Repeatedly pop from the stack and add each operator
to the postfix expression until the corresponding
opening parenthesis is encountered.
ti) Remove the opening parenthesis from the stack.

Let us consider the expression which we have converted by ingpection.
Expression: 5* (6+2) - {12/4)

At first we find “5” which is an operand so we add “5" to the posifix
expression (step a). MNext we get " * ", which iz an operator, it is pushed ono
the stack (step c(ii)). Then we get an opening parenthesis, we should push it
on 1o the stack (step b). We proceed to the next symbol which is “6", an
operand so it is treated as the previous operand “5”. Then we get an operator
"+ ", we should add it to the postfix expression (step a). Next the operand
2" is added to the postfix expression. When we get the closing parenthesis
after “2", we repeatedly pop from the stack and add the operators o the
posifix expression (step d (i)). Then the corresponding opening parenthesis is
removed from the stack (step d (ii)). The complete process is shown below.

3
%

L= = E=u k=

=
IS

[+
| on fan
[

ke

14.

LILHLHMMMM.UIMHMUIUIH

2 6,
:-'ﬁr r+1- -: 1214: llrt'

Iﬁ|2|+1-‘1

a.
b.

Evaluating a posifix expression
e can evaluate a postfix expression using stack. Let us consider the postfix
ion we obfain in the previous section.

12,4,/ -

evaluate the expression we scan the expression from left to right. The
involved in evaluating a postfix expression are:

If an operand is encountered, push it on STACK
If an operator “op’ is encountered

i. Pop two clements of STACK, where A is the iop

clement and B is the

next top element.
1. Ewaluate B op A.

wi. Push the result on STACE.

The evaluated value is equal to the value at the top of STACK.
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Symbol Scanned STACK Operation (B op A)

()5 5

(2) 6 5,6

(3) 2 56,2

(4) : 58 [6+2] (A=2, B=6)

(5) 40 [5*8] (A=8, B=5)

(6} 12 40, 12

(7 4 40, 12, 4

(8) / 40,3 [12/4) (A=4, B=12)

{9) - 37 [40-3] (A=3, B=40)
Summary:

Stack is a linear list where the elements can be inserted or deleted
from a specially designated position called top. We can “push” (insert)
elements 1o a stack or “pop™ (delete) elements from a stack.

Stack can be implemented using array or linked lists.

Stack can be wsed in various problems such as, checking the
validity of an arithmetic expression, converting an infix expression fo its
postfix form or evaluating a postfix expression etc.

Questions:

1. Is stack a data structure? Why?

2 Wrilela.itnn'ﬂuns to perform push and pop operations for a stack when
stack in an amay based structure.

3. “All stacks are lists, but all lists are not stacks”, explain this statemeni
with examples.

4. Write algorithm{s) for push and pop operations when stack is a linked
Structure,

5. Write an algorithm to push an item to & stack, where stack is a linked
Structure,

6. Wﬁtealgnﬁthnﬁa}mlddanﬂd:nﬂlndelﬂcnmdeﬁnmnli:ﬂ:cd
stack.

7. Wnite an algorithm to delete an element form a stack, when stack is a
linked structure.

p-5 Simck 9

I, Convert the following infix expression into its equivalent postfix
~ cxpression and evaluate the postfix expression. Use stack for the
~ operations. 12/(7-3+2 * (1+5)
, Show all the steps 1o evaluate the following postfix expression using
postfix expression evaluation algorithm:
y ABC+*CBA-+*
Assume A=], B=2andC=1]
), Write the algorithm which transforms infix expression into postfix
. eXpression. ,
. What do you mean by infix, prefix and postfix notations for an
arithmetic expression? Explain.
Suppose, we have the following anithmetic infix expression ()
QA+(B*C-(D/ETF)*G)*H
Devise an algorithm to transform Q into its equivalent postfix

blem 5-1: Create an armmay based stack with some integer data in
ing order. Print the data in descending order.

ablem 5-2: Solve the problem 5-1 using linked stack.

oblem 5-3: Create an array based stack with character data and print it in
se order, Your program must give correct output for all valid input.

Sampl output: lanoitanretn] naciremA

5-4: Solve the problem 5-3 using linked stack.

Problem 5-5: Given a mathematical expression, print the output as “valid™ if
¢ expression is valid otherwise print “invalid”. In case of invalid, print out
e reason(s). Hints: take mput as [{a + b) - (¢ - d) + ¢] and validate

xpression using stack. Your program must give comect output for any input



CHAPTER SIX

QUEUE

VES:
Identify queus
Describe the process of addition of an item 1o a queue
Write an algorithm to add an item to an armay based queue
Pescribe the process of deletion of an item from an array based
queuc '
Write an algorithm to delete an item from an array based queue
Drawbacks of armay implementation of queue
Describe the creation process of linked queue
Describe the process of addition of an item to a linked queue
Write an algorithm to add an item to a linked queue
Describe the process of deletion of an item from a linked queue
Write an algorithm to delete an item from a linked queue

YV¥¥v

YYYVYV¥VYY¥YY

our daily life, when we stand on line to get into the bus or 1o take money
m bank counter, we make queue. The man who stands first will get into

e bus first, and the man who stands last will get into the bus last. In other

the element which is added first will get service first and the element
is added last will get service last.

h:lmm!inwhw:nﬂldﬁﬁnmmmd:ummd.culhdm&r.

\ all deletions (accesses) are made from another end called front of the

S0, in a queve there must be two indicatars or pointers. One is rear used
add elements and another is front used 1o delete (access) the elements
m the queue.
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Queue is a FIFO (First In First Out) structure. That means the element that is
added first will be deleted (accessed) first. As stack, queue can he
implemented using array and linked list.

I 2 3 4 5 6 7 8 9 W
A|C|F|J|P

4
front lt:it
(a) Array based queue
40 | 48 |- 59 I | 63
8 4
frontptr rearpir

. (b) Link based queue
Figure-6.1: Graphical representation of queue

6.1 Array based quene

The queue that will be created using an amay is called amay based queuc.
Here, we have to use two indicators (two index identifiers). One indicator
will mark the front element and another will mark the rear element of the
quene,

6.1.1 Addition of an element in an array based queue
W:hnwinnqumd:mmisnddndnuwmn S0, to add an item at first
we increase rear index and then place the element in the army-based queue
using the rear index,

Algorithm 6.1: Algorithm to add an element to quene
L. Declare amay based queue and other variables:
quefl......M], item, front, rear;

Z if {rear = 0)
{
front = rear =1;
gue[rear] = jtem;
1

e ————

-0 Queue
3. if {rear < M)
{

mear = rear +1;
quelrear] = item;

else print “Over Flow message™
4. Output: Updated queue.
nis: Here guef] is an amay to make a queue and M is the size of the
(armay); item is a varable to add (insert) data in the queue. fronf and
are two variables to indicate the first and last elements of the queue.
1 2 3 4 5 &

-z ) R S 7

front = rear =10

frern= 35
(2 Ao empty queue and iiem (35)
1 S k) 4 5 ] e .
=rpar=
il I N I

frant rear
{b) Addmng the firm clement of the quene

1 z 3 4 5 i
quefs ] |n|u|:a|u| |

| frem =% fromi =1

rear =4
] near
(e} An asray based guewe and ivem (59)
i 2 3 4 5 [
(2]ef=s[o] | e
T
() Advancerment of thy noar
| 2 3 4 5 [
s 48|25 1| P -
#‘m Y que[5] = 59
rear
i) Trusert dtvms i quefrear]

-6.2: Addition of new items in an array based Queue (Pictorial view)
-7
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5 &
6.1.2 Deletion of an element from a queue Eo A 0

framt=1
We know that, the element is deleted from the front of the queue. So, at firsi sfe[s|of[s] | rear =5
we access the clement, and then we increase the front index. S .2
{2) An armay based queue
Algorithm 6.2: Algorithm to delete an element from a queue ;
I. Declare amray based queue and other variables: WL T N = pejioug =35

[ | % | 5 |

fiont = front + 1

':m ,':., front=1 rear=5
Dielesing the first clement { the quens
2. if {front = rear) i ¥ £
{ . L | B A SR
item = que[front]; o sl
front = rear = 0; A
mear
I‘ front
() The queue wath only one clement 5
. fem = =59
3. if (front 1= () i 3 3 : 2 : front tq:':q
{ T P T
item = queffront]; ) Dicledion of the last clement of the queue
front = front + 1;

H
else  print “Queue is empty™ 3 Drawback of array implementation of queue

4. Qutput: Updated queue

Comments: If there is only one element in the queue, i.e., front = rear and

3: Deletion process of an array based queue (pictorial view)

mjrimphmnminnufqume,mmumbemudmmmhc
uations, where the rear reaches the highest index value of the array, but
spaces are available at the beginning of the queue. Let us consider the

: wing situations.
after deletion of that element, front and rear both will be 0; i.e., fronf = rear E E
=), which indicates an empty queue. D e D skl
t=0 c c
e front =3
' A front=1
@ (b) ©

6.4: Pictorial view with odd situation of queue
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‘Fig].lre 6.4(2) shows an empty queue. Figure 6.4(b) shows the queue afier
inserting five elements {A, B, C, D, E}. If we delete two elements from the
queve shown in Figure 6.4(b), we get the queue shown in Figure 6.4(c).

Now, let us consider we want to insert F into the queue. As we have seen in
carlier section, to insert F we have to increase the value of rear (rear = rear
* 1). 5o the value of rear increases to six which is greater than the size of the
queve. In that situation, logically we can't insert F into the queue although
there are free spaces in the queue. One solution to this problem is to check
whether a queue is full or not, we have to check the condition in Figure6.4
{b), that is frent = | and rear = 5 (maximum size of the queuc).

.3I

In situations where rear is equal to the maximum size of the queue but front
is greater than 1 (Figure 6.4(c)), to insert an element we have lo set the value
of rear to 1. Then to insert more elements we shall imcrease rear. But, the
maximum value of rear should be one less than the value of front ie., fromt-
L. In that case to check if the queue is full we have to check the condition
fromt = rear + 1 (see Figure 6.5(¢) below). The pictorial view 1o insert F and
G in the queuve of Figure 6.4(c) is shown below.

E E .
D D '
fremt=3 | C frent=3 | C il
rear=2 |G rear=2 |G 1
s T F F front=1 F 2.
(d) (e) (f)
Figure-6.5: Pictorial view of addition of clement with odd situation of queuc
For the situation discussed above the front will also follow rear that is aficr

deleting the element at the highest position of the queue the value of from
should be one. Afier the deletion of C, D and E the queue 1s shown in Figure
6.5(M.

3

considering the above situations, we can modify the insertion and
algorithm for an array based queue as follows.

m 6.3: Algorithm to add an element

Declare array based queue and other variables:

que(l . .. M], item, front, rear;

If (rear = 0) /the queue is initially empty

{
front = rear = I;
que[rear] = item;
}
If(rear=Mand front>1) & Looh o is the maximum size of the
{ queie bt there are emply spaces in the queue
;i (Figure 6.4(c))*/
quefrear] = item;
H
If (rear '=1 and rear < front - 1)

{

rear = rear +1;
quefrear] = item,
i
If {(front = 1 and rear = M) or (front = rear +1)) » quewe ' is abready
print “Over Flow message” mzﬁ‘?m o
Cutput: Updated queue,

thm 6.4: Algorithm to delete an element

Declare army based gqueue and other variables:
que{l . . . M], item, front, rear;

If ( front = rear)
{ p
item = que{front];
front = rear = ();
}
If (front = M) /* where front is the maximum size of the quene®/
{
item = gue{ front];
front = 1;
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4. If(front =0 or front = 1)
{
item = que[ front];
front = front + 1;
}
else print “Queue is empty™
Output: Updated queue.

6.2 Link based quene

The queue that will be created using a linked list is called link based queuc
or linked queue. In a linked queue we use two pointers, one is frontper points
the front (first) node of the queue and another is rearptr points the rear (last)
node of the queue.

25 » 12 M 4 L ) | — 78

b ¥
frontptr rearpis
Figure-6.6: A linked queue

6.2.1 Create a link based queue

As we know in a linked queue, there are two pointers, frontpir and rearptr,
s0 to create a linked queue we have to use these two pointers. At first we
create an empty (linked) queue. So, the frontptr and rearptr both will be null,
After that, we create a new node with en external pointer, npir. Now, we
shall add this new node to the queue. To add the new node, we assign the
value of npir to frontper and rearptr. Thus, frontptr and rearptr both point
the new node. Now we have a node in the queue. To add second node, we
create another new node and add this node to the queue. To add the node we
make link between the existing queue and the new node. Since the new node
will be the rear clement {node), so the next pointer of the new node will
point the rear node (at present only one node) of the existing queue and the
rearpir will point the new node. That means, at present the fronptr points
the front (first) and the rearptr points the rear (second) node of the queuc.
Thus we can add another node and create the linked queue.

6.5: Algorithm to create a linked queue
1. Declare node and pointers:
struct nods
{
int data;
node *next;
B
node *frontptr, *rearptr, *nptr;
2. Create an empty queue:
frontptr = NULL,
rearptr = NULL;
3. Create a new node:
nptr = new (node);
npir—+data = item;
nptr—next = NULL;

4. Make link new node with the rearptr and frontpir:
if (rearptr == NULL)
{
rearpir = nptr;
; frontptr = nptr;
!

else {
rearpir—npext = npir;
rearptr = nptr;
}
5. Repeat Step-3 and 4 to create queve with several nodes

6. Output: A link based queue

ts: Here, fromipfr is a pointer to the front node and rearprr is a

to the last node of the queus. mpir is a poinier that points (o the new
and item is a variable used 1o enter data 10 the new node.
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[ & N L= N
oo o

{a) A Bnked quene af single node and 5 sow nods (npa)

Lo

frontpr w's-“
{b) A new node (o) end 4 ssck of sngle node

63 50
fromepir

{ich Uhpubatod Bnked queue

Figure-6.7: Pictorial view of linked queue (creation process)

6.2.2 Add a new node o linked queue
Addition of new npode to the linked list is similar to the creation process
where we add a new node al each stage to creale linked queue.

Algorithm 6.6: Algorithm to add a node to linked queue
1. Declare node and pointers:
struct node
{
int data;
node *next;
I
node *frontptr, *rearptr, *npir;
2. Input a linked base queus
1. Create a new node:
nptr = new (node);
npir—data = item;
nptr—mnext = NULL,
4. Make link among the necessary pointers:
if (rearptr == MNULL)

=6 Queac )

{
rearplr = nptr;
frontptr = apin;
}

else {
rearplr—snext = nptr, -
TEarplr = nptr;
!

5. Qutput: Updated linked list

0 » S i
*"F“ tpu
{a) A linked queue and 4 Aow node
1
a0 o © | T b i M .
¥ ¥
e veargtr Ty searp

() Mking Tink beowee: queue and new node,

 Figure-6.8: Add a new node to a linked queue

6.2.3 Delete a node from a linked queue
As we know in a queue deletion operation must be performed from front of
ﬂwqu:unwmddemm&mnudenfﬂmlinhndqumc.wehm i use a
temporary pointer that will point the front node. Afier MWFIMEEI-M
Jfroniptr pointer to the next node. Mow just delete the node using lemporary
pointer.
Algorithm 6.7: Algorithm to delete a node from a linked queue
1. Declare node and pointers:
struet pode
{
int data;
node *next;
|H
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node *frontptr, *rearptr, *tptr;
2. Input a linked base queue
E.Uscmmpnmypuhimtpu-m&ndum:tmuwfntmrd]ﬂu
fomtptr:
tptr = frontptr;
froniptr = tptr—next;
4, delete (tpir);
5. Qutput: Updated linked queue.

Comments: Here, frongper is the pointer to the front node and rearpir is the

pointer to the last node of the queue. iptr is & temporary pointer that points to
the first node to be deleted.

@ a £ 61 a3
frenzpar rearpts
{0 A iz basee] quese
3, Dulete (mper)

B (L BB BT
1. delete {opar) ST T o
Wt ad b == Erenipir rmarp

() Upsated linked aueis
Figure-6,9: Deletion of node from a linked queus (pictorial view)

Summary:

Queue is a list where the elements can be inseried into a specially designated
position called the rear of the queue and deleted from a specially designated
position called the front of the queue. Queue can be implemented using array
and linked list. Queue can be used in various problems where first in first out

implementation is required, because queue is a first in first out {FIF ()
structure.

Define queue. Give example.

List some différences between stack and queue. |
Show the disadvantages of array implementation of a queue. Also give
the possible solutions to overcome these dindumm

Write a function that returns the number of elements is a queue that has
been created previously.

Define linked queue with example. : :

Write algorithm to add a node to queue when queue is a linked list. ‘
Write an algorithm to delete a node from a queue, when queuc is a
linked list.

Wrile ulpri:hm[s}minm:nahmm:nddﬂmmﬂm"clmumﬁnm
a queue where queue is an army based structure.



CHAPTER SEVEN

'TREE

OBJECTIVES:

Identify tree

Describe binary tree traversal methods

Identify binary search tree (BST)

Describe the addition process of a node 1o a BST
Write an algorithm to add a node to & BST
Describe the deletion process of a node from a BST
Write an algorithm to delete a node from a BST
Describe heap creation process

Write an algorithm to create a heap

Describe the process of heap sont

Write an algorithm for heap sort

Y ¥ Y Y YY YV Y YY

TREE

We see tree in nature. The tree has root, branches, sub-branches and leaves,
From the concept of natural tree, the computer scientists get the idea of a
data structure, which is graphically similar to natural tree. Natural tree is a
bottom-up figure. However, the graphical representation of the data structure
tree is a lop-down figure,

A tree is a finite collection of nodes that reflects one 1o many relationship
among the nodes. It is a hierarchical structure. An ordered tree has a
specially designated node called oot mode. The root node may have one or
more child nodes. The connection line between two nodes is called cdge.

The nodes of a level are connected to the nodes of the upper level.

Figure-7.1: A Tree

95
n.-7 Tree

he node that has no child node is called leaf node. If 8 node has child node
called parent node.

\ tree can be implemented (stored in memery) as an array or a linked lisi.

.1 Binary Tree ‘

. “T is finite set of nodes, where there is a special node called root
wde and every node (including root node) has at best two children. The trees
weluding root node are called left sub-tree and right sub-trec.

hhuwummbnumlmmdummymuuuukadlliﬂ:mmm
7.3(a), can be implemented as an amay as shown in Figure-7.3(b).
ereas, F;gum-? 3(c) shows tree implementation as linked list. In amay
A, MEmory space mlybt-unuud{wﬁtﬂd}unhummFm

] - (s s] | lul e AT
1 fick: Tree as a Hnked bist (nodes are
_lm:"l'ru-nmq ropobes
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‘ure 2 and 3. If a node value stored in position 4, then the positions of its
children will be 8 and @ and 50 on. When a node is stored in position 13, then

| PR T | the position of its parent is-
/ \ [E nLﬁ.SJ-E
I8 17 T I R
/ we consider the position of the root node is o and any node is in position i,
T T s left child's position will be 2i+1 and right child's position will be 2i+2. On

other hand a node of position k has its parent is in position (k-1)/2, where

{ means integer division.

Iptr rptr

() Tree as m linked list (nodes are shown in rectangular shaps)
Figure-7.3: Tree implementation (store in memory)

If there are k levels in a binary tree, then the maximum number of nodes in
the tree is as follows:

a=2-1

4 bu.m:.r tree can also be implemented (stored in computer’s memory) as a
o list. The node of the binary tree can be defined (declared) as follows:

For example, if k= 3, then the maximum number of nodes () is 7 and for & struct node
=4, n= 15 and 50 on. |

int data;
When the maximum number of nodes is known, number of levels can be 008 “Nper;
calculated as - mede raks

b

here Iptr is a pointer that points the left child and rpfr is a pointer that
noints the right child. data is an integer variable to store value of the node.
means, a node has three parts, One is data part (value), the second is &

k= rln::-g, {n + 1]-[ " ]-x-l means ceiling of x to the next integer
For example, *

when n=17; k= [log,(17+1)] = [log, (18)] =[4.1....] =5

whenn=34; &= [log,(34+1)] = [log, (35)] = [5.2...] =6 etc. pointer to the left side (node) and the third is a pointer o the right side
(node). Linked implementation of binary tree other than complele tree is
7.1.1 Parent-Child Relationship efficient, bt

If we consider the root's pesition (index) is 1. A node is in position (index} §
of an amray, then the position of its left child will be 24 and the position of its
right child will be 2§ + 1. Thus
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Full binary tree:

If a binary tree contains nodes in such a way that every node has at least two

children except the nodes at ihie last one deepest level (the leaves are at the
deepest level), then the tree is called a full binary tree.

Complete binary tree:

If a binary tree contains nodes in such a way that cvery level except the
deepest has as many nodes as possible and the nodes of the deepest level are
in as left as possible, the tree is called complete binary wee. All full binary
trees are complete binary trees.

If a binary tree is a complete binary, then its array implemenation is
efficient; as there will be no wastage of memory.

Figure-7.4: Pictorial view of full tree and complete tree

o raversal technigue of a binary tree
are three main traversal techmiques (methods) for a binary tree. Such
i " ;

1. 'Pre-order Traversal Method
2. In-order Traversal Method

3. Post-order Traversal Method

Pre-order lnwrﬂ.l method
In pre-onder tree traversal method the points below are to be followed:
i, Visit the root,
ii. Traverse the left sub-tree (in pre-order),
iil. Traverse the right sub-tree (in pre-order).

hap.-7 Tree

Figure-7.5: Fm-oﬂhr_lnwrﬂl method

pre-order traversal method, we have to visit the root node first. Then we
mverse the left sub-tree following the above 3 points (i, ii, iii) recursively.
\fler that we traverse the right sub-tree by following the above three points
sively.

for example, to traverse the tree in Figure-7.5, at first we wvisit the root of
he tree, then we visit the oot node of the left sub-tree, where the node value
s B. Then we will go to the left sub-tree of the tree with node value D. In
' way we will complete the traversal process of the left sub-tree.

\fler that, we will visit the node value C, which is the oot of right sub-tree
and similarly other nodes will be visited by following the three points (i, ii,
). Thus visiting sequence of the node values will be

F ABDHECFIGJ

n Fqum?.s,viﬁilugmummnmtuduhlhn&m o,

Igorithm 7.1: Algorithm for pre-order traversal
1. Input & binary tree
2, preorder (node * curptr)
{

if (curptr!= NULL)
[ x
print curptr—+data,
prearder (curptr—lchild); &,
preorder (curptr— rchild);
}

!
3. Qutput: the information of the nodes.
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\ﬁ@ummm
order tree traversal method the points below are 1o be followed:

i. Traverse the left sub-tree (in-order),
ii. Visit the root,
iii.  Traverse the right sub-tree {in-order).

Chap.-7 Tree 101
If we traverse the tree in the Figure-7.6(b), we have to siar Emnud:ll
Then we will visit the node H as the right sub-tree. 5“"“.‘"1" of visiting
other nodes will remain same as the previous, Therefore, visiing sequénce
will be as follows —

DHBEAIFCGJ
Figure-7.6, visiting sequences are marked as 1, 2, 3 and s0 on.

7.2: Algorithm for in-order traversal
1. Input a binary tree.
2. inorder (node * curptr)
{

_ if {curptr!= NULL)

{

inorder (curptr—Ichild),

print curptr—-data;
Figure-7.6: In-order traversal method inorder (curptr—srchild);
Inin-wd:rlrwn:nlmﬂhod.whwhvis{tﬂutlu&mh—lm:ﬁmﬁn.wc ) |
have to start from the last node at left of the left sub-tree. Then we visit the the information of the nodes.
root and at last we will visit the right sub-trec by following the above 1 traversal method:

mentioned three points (i, ii, iii). Each time we traverse a node, we must
think its parent node as the root of that tree-section. The left children of that
root will be treated as left sub-tree and the right children will be treated as
the right sub-iree,

post-order tree traversal method the points below are 1o be followed:
L Traverse the left sub-tree (in post-order),
i Traverse the right sub-tree (in post-order),
iii. Visit the root.

As for example, to traverse the tree in the Figure-7.6(a), we have to start the -
Imm&ﬂh&[ﬂ}dhhﬁﬂ-ﬂmﬁnwﬂﬁtiumnﬂnb{u
the root of the tree-section). In the same way we visit the node, B as the root
of D and at last we have to visit the right sub-tree of node D. That means
now we shall visit node E and we shall continue to traverse the whole tree,

In in-order traversal method, the visiting sequence of the tree in the Figure-
7.6(n) will be as follows
HDBEAIFCG)

Figure-7.7: Post-order traversal method
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In post-order traversal method, we shall start visiting the tree from the lefi
sub-tree. Then we visit the right sub-tree and at last we visit the root of the
tree by following above mentioned three points (i, ii, and iii).
For example, to traverse the tree in Figure-7.7, we shall start the left most
nodeafﬂnkﬂsub—lmn,Hmdwcmmﬂuhﬂm‘b—uﬂusmglh:pﬂmm
1, i, and iii. After that we visit the right sub-tree accordingly. At last we shall
visit the rool of the iree, A.
According to post erder method, visiting sequence for the tree in Figure-7.7
will be as follows —

HDEBIFJGCA

In Figure-7.7, visiting sequences are marked as 1, 2, 3 and so on.

Algorithm 7.3: Algorithm for post-order traversal
LInput a binary tree.
2. postorder (node * curptr)
{
if (curptri= NULL) .
f
postorder (curptr—]child);
postorder {curptr—rchild);
pnntmu‘p-u*—tdau, it
}
i
utput: the information of the nodes.
ry Search Tree (BST)
ry search tree is a binary tree where all the node values of the left sub-
smaller than the node value of the root of the tree, and all the node
values of the right sub-tree are greater than the node value of the root. If we

treat the left sub-tree as a tree, then this tree (left sub-tree) will also fpllow
the above characteristics and this must be true also for the right sub-tree.
If the structure of a BST is a complete on balanced binary tree, it gives best

performance and the time complexity of any operation (insertion, deletion,
searching) is O(log n). If care has not been taken, the height of a BST may
become n, where n is the number of elements in BST. Thus it takes O{n)
umcfurmyopuuiun.UmﬂjrBSTsmnmmmplﬂchmrymm
linked list implementation of BST is efficient. Here, we assume that the BST
mmmdhmqruulmkndlmmdﬁxdmwdmplﬂmmuhmwe
shall write the algorithms for operations on BST.

Fi : .'A'hil;u.rymh tree (BST)

\2.1 Searching a particular node value of BST
Suppose that we are given a BST and value of a node, we have to determine
hether the node exists in the BST or not. We know that in a BST each data
in left sub-tree is smaller than the data in root and each data in right sub-tree
i grum:rd'nnllmdaumlhamtﬂn lo find oul the tarpet data al first we
compare the target value with the data in the root node, if they are equal,
hen the searching is successful and terminated. On the other hand, if the
arget value is smaller than the value of the root, then we search the target
value in the left sub-trec i the same manner which is done for the free.
Otherwise, we search the target value in the right sub-trec in the same
manner which is done for the tree.

gorithm 7.4: Algorithm to find out a particular node value of BST
1. Input BST and a node value, x;
2. Repeat Step-3 to Step-5 until we find the value or we go beyond the
tree.
3, If x is equal to root node value, searching is successful (print
“Found™) and terminate the algorithm.
4. If x is less than oot node value, we have 1o search the left sub-tree
{by treating it as a BST).
5. Else we have to search right sub-tree (by treating it as a BST).
6. Otherwise the node valuc is not present in BST (print “Not
Found™).
7. Output: Print message “FOUND" or “NOT FOUND"
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Suppose, we have a BST as in Figure 7.9 and we have to find out the value x
= 32. At first we compare 32 with 50 (the value of the root node). Since, 32
=< 30, then we move lefi and compare 32 with 35 (which is the value of root
node of the left sub-tree). Since, 32 < 35, we move left again. At this point
we compare 32 and 30. But 32 > 30, s0 we move right and find 32, The
scarching path is shown by shaded nodes in Figure 7.9.

Figure;7.9; ing of a node value (shaded nodes show the searching path
TW&G.W

To adda node to a BST, we have to find the proper position for the node. To
do this, we use searching method which is stated above. If the value to be
added is already present in the BST, the node should not be added.

Otherwise, when we find last node in the searching path, we shall add the
node on its (last node's

Algorithm 7,

BST and a new node;

Step-3 1o Step-5 until we find the value or we go
beyond the tree,

3. If x is equal 1o root node value, searching is successful and
terminate the algorithm.

4. [Ifx is less than root node value, we have 1o search the left sub-
tree (by treating it as a BST).

3. Else we have to search right sub-tree (by treating it as a BST).

6. Make link between the new node and the parent node of the
new node.

7. Output: Updated BST.

105
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wpose. we have a BST as in Figure 7.10 (a) and we have to add 60 as a
s of a node. At first we search the value 60 in the BST according to
prwedmﬁhﬂlh:mdumﬂlﬁﬂduﬁnﬂﬂhtinlh:m.mm
2 add it in the BST. If we notice the searching path shown in Figure 7.10
b; the value 60 > 50, it has been added as right child of the node with the
alue 50.

b) Addition of 2 new node (shaded nodes show the searching path),

nire-7.10: Addition of a new node to BST

Yelete a node from BST

o delete a node from a BST, we have to perform searching to find out the
nm:,ﬁﬂnrﬁndhg&:m;:tnnde{ﬂmmdﬂnbed:hmd},ﬂuum
'a-:mmidtmiﬂne.iflhcm’gclmd:isalufmdu.thenwujmtdelrﬂe
mde..'jmm!.Hm:umatnn&ehuuﬁrnmchiltmmmnuknlm
the child and parent node of the target node. Third, if the target

¥ has two children (with grand children also), we do another searching in
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left sub-tree of the target node and find the node that has maximum value
{considering the sub-tree), ‘and mark it. Then the value of the target node s
replaced by the maximum value and we delete the marked node {the node
with maximum value),

In the Figure 7.11, we have shown the deletion of a node that has two
children. At first we find the value of the node to be deleted {which is 60)

Since it has two children, we find maximum value from the left-subirce
{which is 55). Then we replace the value of the node to be deletud by 55

Lastly we delete the node of the lefi-subtree with maximum value.

b Searching the nods with value 50
{Shaded nodes are explornd ).

&)

) Deleie the mode with miimum
{ﬂlww:r:mvium e (from the lefl u:-ulmwﬂh u:n:
Iree o lobe
e s s deleted be deleied) and pet updated AST.

() Place i 1o the node i be deleted,

Figure-7.11: Deletion of a particular node from a BST
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Algorithm 7.6: Algorithm to delete a node from a BST

1. Input BST, the value of the node to be deleted;
2. Locate the node to be deleted;
3. If the node iz a leaf node:

i if the node is left child of the parent, make NULL the
lefi pointer of its parent node and free the space for
the node (delete the node).

i, if the node is right child of itz parent, make NULL the
right pointer of its parent node and free the space for
the node (delete the node).

4. 1f the node has one child:

i if the node to be deleted is a left child of iz parent,
then make link between the left pointer of its parent
node and the child node (left or right) of the node
be deleted. Then delete the node.

ii.  if the node to be deleted is a nght child of its parent,
then make link between the right pointer of its parent
node and the child node (left or right) of the node to
be deleted. Then delete the node.

5, If the node to be deleted has two children:

i locate the node with minimum value from the right
sub-tree of the node to be deleted or the node with
maximum value from the left sub-tree of the node 1o
be deleted.

ii.  replace the node value to be deleted by the node value
found in step-5(i)

ifi.  delete the node located in step-5(i)

6, Outpul: updated BST.

T3

It is a complete binary trec cach of whose node’s value is greater (or smaller)
than the node valuc of its children. If the node value is greater than the node
value of its children, then the heap is called max heap. Otherwise, the heap is

called min heap.
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{a): A max heap
Figure-7.12: Graphical representation of Heap

Smhupiu:mmpht:binwtrm,mmyimphnmtm{mnfhmis
efficient,

e
T73.1 8
Creation of a heap from a given list of elements (numbers):
We add the elements one by one and place them in respective positions.
Her:,wcaddﬂwﬁﬂdnﬂlmhﬁpuﬁﬁunﬁmi.tlm:tﬂmriﬂupmiﬁm
Using the Enﬂuuiugﬁepsgimhdw.mmmamhm: y

1. Add an element as first clement (root) of the heap.
2. Select a child and place it in propér position:
i.  Add the next element as left child. If the left child is
already present, then add as the right child
u.  Compare the child with its parent. If the parent value is
smaller than the child's value, then place the parent’s valuz
in the childs position and the child's value in parent's
position.
iii.  Repeat the step-2(ii) until we find a parent whose value is
greater than the child's (which is added last) value or we
o beyond the root.
3. Repeat the step-2(i) to 2(iii) for rest of the elements,
4. Get a heap as an output.

5.7 Tree 109
ccording above description the pictorial view of heap creation
sminﬁgum'?,ilmﬁm“ukuﬁ from the list and add it
root of the heap. Then we take 28 from the list and add it as left child of
fhe root and compare it with the valu of the root, since 28 < 45, 50 the trec
a heap. Afier that, we add 52 as the right child of the tree and compare it
45(Whi:hisattlwmul].smﬂ?ﬁ.m“pluﬂitf‘lmmnundﬁ
In the place of right child (position C in Figure 7.13). In this way we can
-ate a heap shown in position I of the Figure 7.13.

¥ A[l..n] with data and a variable, temp
{a list of data is in the armray, A)
2. for(i=2;i =n; +H)
{
temp=Ali];
k=i
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i whilcll:'k}l)and Alk/2] < temp)
{
Alk] = A[k2]; -
k=12
H
Alk] = temp;
}
4. Output amray A [1...n] as a heap

Comments: &/2 means integer division of k by 2.
The time complexity of creating a heap is O (n), where n is the number of
cle es), )

7 tion of maximum from a max-heap
know the maximum value is at the rool, we can perform delete
maximum operation by following steps given below:
I. Remove maximum from the root and assume there is a hole at the
rool node
2. Take the data of the last position in a temporary variable (such as
temp)
3. Compare the children of the hole, identify (locate) greater child and
compare it (greater chiid) with temp
4. Place the greater data from step-3 1o the hole
Repeat step 3 and step 4 until we reach the leaf
6. If the hole is in a leaf, place data if tem to the hole.

=

Delete maximum operation is illustrated using Figure 7.14 as follows: 1. Input@heap, A[1...n]. # The heap as an armay
3 2, = 2-‘,.
3. temp = afk];
4. while(i==k)
{
i ({7 < k) and (afi] < a[i+1]})

i=i+];
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if (temp >= afi]) break;
alif2) = (il code of the algorithm 7.9 is as follows:
i =29 void heapify (int a[], int n)
) {
a[i/2] = temp; for (i =2; i< = n; ++H)
s, L heap with {n = 1) elements, {
temp = afi);
7 ort k=i,
Problem: Given a list of n elements, sort them using heap. while((k > 0)&&(a[k/2] < temp))
Solution: We can use the following steps to sort data using heap. {
1. Create a heap with n numbers. We can create heap using the afk] = alk/2];
algorithm 7.7. }
2. Place the value of n® (last) node in a temporary variable (such as afk] = temp;
temp). }
3. Place the value of the first node (root at present) in the n® node. ]
4. Treat there is a hole at the root. void rearange (int a[}, ink k)
5. Compare the children of the hole, locate (identify) greater child, t
6. Compare the greater child with temp int temp, i;
7. Place the greater data in hole temp = afk};
B. Repeat step 5 and step 6 until we reach the leaf. a(k] = a[1];
9. If the hole is in a leaf place the data of temp to the hole =2
10. Consider the rest of the data (which are in a heap) except last one. while ((i+1) <k))
11. Repeat the step-2 to step-7 until there is only one clement in the {
heap. (See pictorial view in Figure 7.15) (i < k)&e&e(a[i] < afi+1]))
Algorithm 7.9: Heap sort algorithm. N )
1. Input me]ﬂT"mM fﬁmhmﬁﬁm}
2. heapify (a, n) e iI) break;
31 h.&-n:k:hll_'k} ﬂw. ﬁI
rearange (s, k) Bk
5. output a sorted list in a[n]. ':2"'
o2 ]=temp;
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The time complexity of heapsort is O (n log )

®
@) " o iy
® ®® &

A Max heap with n clements
Amy: | 95 [ 60 | 59 | 52 | 39 | 45 | 28 |
) A heap and its comesponding amay

Amy: |60 [s2 |59 |28 |45 |95 |
b First step of sorting process using heap _

,-.—-
i
‘!E‘-

- -

Amy: [59 [s2 [as [ 28| 39 | a0 [ 55 |
¢} Second step of sorting process using heap

d) Sored data

ity qumunﬂm:mnrqumuﬂmeelemhmmmumdbud
on their priority (priority number). In a priority queue each clement is
llmuh:dwﬂhlwh:mdnmim:madmmdingmltspmnwmdaﬂm
=menied as heap. We can put the element with the highest priority at the
0 ufrh:hup A priority queue allows at least two operations: Inzerts and
ate minimum, or Delele maximum. :

‘One application of priority queues is to schedule jobs on a multiuser system.
5 phsmﬂnmimnrpnnntyquﬂlﬁﬂﬂmbupﬂ'ﬁﬂwmdmlﬂmgm
heir priority where a job is finished, the next job is selected based on their
priority from the remaining jobs.

.-. r l.umnmlur the following ::l:l:_n_EI:

Priority Data _Abbreviation
1 Chairman C
7| Director-1 D-1
] Director-2 D-2
4___| Chief Engineer CE
3 Manager M
6 Engincer E
7 Deputy Manager DM
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We can create a priority queue (heap) using abbreviation data acconding to
their priorities as follows: -

Figure-7.16: A heap as a priority queue,
Th:npmtinnsann'iu:itrqummmfnrlhchnp.

Summary: z
Th:nmm:ptufd:uurmmﬁmisnbuhndﬁnmﬂwmnmpmfm!
tree, except that natral tree is a bottom-up figure, whereas the data structure
tree is a top-down figure. A tree is a collection of nodes that has a special
designated node called roor mode. The root node may have one or more child
nodes. When each node of a tree has at most two children, then the tree is
called binary tree. If each node of a binary tree has two children (except the
Infnude:s]lhmithﬂllﬂﬁd!bﬁwym.lfﬂnhhuliwﬂ:dupm
level) contains all possible nodes and the deepest level contains the nodes in
as left a5 possible, then it is called complere binary tree.

There are three techniques of traversing a binary tree: pre-order, in-
order and post-order. The prefix pre, in and past represent the order, the root
node to be visited, In pre-order technique, first visit the root node then
traverse the left subtree in pre-order and then traverse the right subtree also
in pre-order. In in-order technique, first traverse the lefi subtree in in-order,
then visit the root and finally traverse the right subtree in in-order. In post-
order technique, first traverse the lefl subtree in post-order, then traverse the
right subtree in post-order and finally visit the root node.

In a binary tree, if the values of all nodes in the left subtree (lefi
side of the root) are smaller and the values of all nodes in the right subtree
(right side of the root) are larger than the node value of the root, then it is
called binary search tree. Binary search tree is used mainly for fast
searching strategy.

If the value of each node in a complete binary tree is greater (or
smaller) than the value of its children, then it is called a beap. For greater
values of children it is called max heap otherwise it is called minheap. Heap
is used mainly for sorting strategy.

The data structure tree is implemented using array and linked list,

@
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An armay implementation of a complete or full binary tree is
ficient, otherwise linked implementation is efficient.

s
=

How a binary tree can be stored in computer memory using amay 7
Explain with example.

Define complete and full binary trees.

Describe inorder tree traversal method with example.

What are the ways to represent binary tree in memory?

Write a procedure fo construct a binary tree from a list of input data.
Construct a BST with the following list of values:

50, 15, 10, 13, 20, 22, 55, 60,42 57 ~

Write a procedure that deletes a node from a BST having only one or no
child.

. Discuss linked representation of a binary tree.

,  'What will be the depth of a complete binary tree which has 3000 nodes?
0. What will be the sequence cbtained by in-order and post-order traversal.
1. Suppose a binary tree T is in memory. Write an algorithm to find the
~ depthof T r

Suppose a binary tree T i5 in memory. Write an algorithm to delete all
the terminal nodes in T,

Show the parent-child relationship and child-parent relationship with
respect to their positions in binary tres.

Write an algorithm fo create a heap.

Explain Prim's algorithm with example.

6. Write an algorithm to insert a node into a binary search tree,

7. What do you mean by minimum spanning tree?

. What is the difference between BST and heap?

0, You are given i th node of a binary tree. Show that, the relationship of
the parent of { th node and the relationship of { th node with its children.
Give example.

Construct a heap using the following data (show each sicp separately)
19, 40, 5,17,23,51,9,29,21,3,7,24,27.

« Describe a heap creation process with example.

2. Write an algorithm to delete an item from a heap.

, Suppose the following sequences list the nodes of a binary tree T in
der and inorder respectively:

Preorder: G, B, Q. A, C K, F,P,D.E R H

Inorder: Q, B, K,C,F, A, G,P,E,D,H, R.

Draw the diagram of the tree.
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me:nnd:mmmLmumllbcmmﬁnMwum{llhmﬂn

(ii) Preodrer (iii) Post order traversal techniques.
25. Write an algorithm to create heap from an arbitrary list of elements,
Zﬁ.th;eﬂmt&adnpmﬂxﬁ;ht}mnflmmlﬂ:HurymnMnmduis
E1ven

Dy = [logan+1], where [<] is the floor function.
27. Construct a down-heap H from the following list of numbers:

44, 30, 50, 22, 60, 2, 55, 77, 55
gmmﬁmﬁmhmmmw
the binary search tree whose
2 elements are inseried in the following
SO T2 9% 107 26 12 Il 9 2 10 25 51 16 17 95 S§I

30, Cuusldu' the following tree

_ 1
!..ntih:nudcmm:dmwillbchamudummwcmi]lnmder
ii) Preorder iii) Postorder tversed technigues.

!-
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Tree related problems

phlem 7-1: Take (store) 10 integers in an amay. Consider the amay asa
nmplete binary tree. Now print:

i)  all the data in a row.

i) anlthe&nunfmymdumdmduldmn

int the data of any index and its parent.

i T&Tﬁu(:m}lﬂm;ﬂsmumy Consider the ammay as a

tomplete binary tree. Now print:

i)  Print the data of lefimost path and rightmost path separately (from
oot to leaf).

ii) Print the data all paths (from root to the lcaves).

oblem T-3: Take (store) H] integers in an array. Consider the amay as a

all the data using pre-order method.
ii) all the data using in-order method.
i) all the data using post-order method.

Problem 7-4: Draw a BST with 14 integers in paper (note book). Store the
data of the BST in an array. Now print:

i)  all the data using in-order method.

ts: the output will be in ascending order.

Problem 7-5: Create a linked binary search tree (BST) with 10 integers.
Print the data of the BST using in-order traversal method. You cannot use
any existing built in function that creates BST.

Problem 7-6: Add two additional nodes to the BST you have created for
problem 7-3. Delete a node that has two children in the BST and print the
data of the BST using in-order traversal method.

shlem 7-7: Create a heap (amay based) with more than seven integers.
Print data from any index and print its lefi child, right child and parent (if
ny). You cannot use any existing built in function that creates the heap.

m 7-8: Add two additional data to the heap you have created for the
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problem 7-7. Delete the root and print the data with their indices.

sorted data. Show the required number of data comparisons for sorting. You
cannot use any existing built in function that creates heap and/or sorts data,
Hints: Create a heap, swap the data and rearrange the data after swapping.

NV VYVYVYVYVYVYVYVYES

CHAPTER EIGHT

GRAPH

Identify graph

Describe how a graph can be stored in memory
Describe graph traversal methods

Identify minimum cost spanning tree
Describe Prim’s algorithm

Write Prim’s algorithm in algorithmic form
Describe Kruskal's algorithm

Write Kruskal’s algorithm in algorithmic form
Describe single source shortest paths problem
Write an algorithm for single source shortest paths

Basics of Graph

A graph is a set of nodes (vertices) and edges. The node that holds data is

ed vertex and the line connecting two vertices is called edge. If G denotes

a graph, G = (¥, E) where V¥ denotes set of vertices and E denotes set of

lﬂlmhdﬂﬂph:lfu:hadg:ufnmhilundimﬂd{wim

direction), the graph is called undirected graph. The undirected edge is also
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Connected Graph: A graph i ealled connected, if there is a path between

case of weighted graphs, the value of edge is 1o be put in the adjacency
each pair of vertices. g i "

Cycle: A cycle is a path where first and last vertices are the same.

A B C ] 1 2 3 4 5

0 1 L] | | [1] 40 | 23 ] L]

1 0 1 1 i 40 0 {0 20 15

] 1 0 ! 3 Fr 0 0 15 1]

] 0 1 0 4 1] 20 35 4] 25

-] a 15 0 23 0

(a): Adjacency masrix of an {b): Adjscency matrix of o weighted graph
usdirecied graph

re-8.2: Adjacency matrix of directed and undirected graph

; Vertiees | List of adjacent vertices
Q @ F Q0 R T |
Figure-8.1: Different types of graphs 2 i 1; T
. i & 5 1] [
Graphs may be directed or undirected. In directed graphs, directions of edpes (R) © ) T P R u
are given. u QO 5 T
fug 6

A graph is stored in the computer's memory using the matrix (two
dimensional array). The matrix used to store graph in compuler's memory is
called adjacency matrix, Two vertices are adjacent to each other if there is an
edge between them. If a ventex is adjacent to other, we put | in matrix on
their cross point. [Fﬂi:r:isunqdﬂwei:ulﬂinﬂumlﬁ:.ThHrmm.{,—
1, if there is an edge between the vertices i and /. Otherwise, 4, = 0, where A
denotes adjacency matrix.

£.3: An undirected graph and its adjacency list

h can be stored (represented) as adjacency lists in compuler's memory.

adjacency lists are variable in length, so linked list implementation
vill be cfficient for this type of lists. Linked representation of the Figure 8.3
shown in Figure §.4,
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Figure-8.4: Linked representation of the adjacency lists

We can easily implement the above linked list using C/C++.

Algorithm 8.1: Algorithm to create adjacency list of a graph

1. Input a graph (information of graph) and take a variable, item
2. Declare vertex (node) and table of vertices

I} struct vertex

4. Create a table of vertices:

table [i].data = item;
table [i].next = NULL;

5. Create a vertex (node) with value:

npir= new (verex);
npir — data = item;
nptr — next = NULL;

125

if (table[i].next = NULL), then, table{i].next = nptr;
else |

tpir = tablefi]. next

while (tptr — next ! = NULL)

{

tpir = fptr — next;

1

tptr — mext = nptr;

7. 8eti=i+1;
8. Repeat step- 4 to 7 for necessary times
9. Output a linked adjacency lists.

Graph Traversal (Search) Methods
There are two principal methods for graph traversal, which are as

* Breadth First Search (BFS)
Depth First Search (DFS)
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8.2.1 Breadth First Search (BFS)

In breadth-first search, we visit a vertex first and search for the vertices thai
are adjacent to this vertex, In later steps we visit every adjacent vertex
(adjacent to the first vertex) one by onc and search for their adjacent vertices.
We continue this process until we visit every node in the graph.

Here, one important issue is that we need to store all the information of the
adjacent vertices (say, value of the vertices) that will be visited later afier
visiting the current ventex. Therefore, we have to store the values of the
vertices to be visited lately in a queue so that we can track which vertex is to
be visited next. To traverse the vertices properly, we make a table (Table-
8.1). In first column of the table we have enlisted the vertex and its adjaceni
vertices,

In the second column of the table we have shown the vertices stored in
queue. According to the Figure 8.5, we have visited the vertex A first and we
store two adjacent vertices W and P in queuc. So, we have enlisted the
vertices A, W, P in first row of first column, and shown the vertices W, P in
first row of second column. In third column we have put the vertex, whose
adjacent vertices are already in queue. So, we put A in first row of third
column. As we hwﬂuvmuhichlddudmwmfmzﬂmiuﬁm,
s0 we traverse the verlex W now. We say traversal of a vertex is done if its
adjacent vertices arc stored in queue. Thus we have enlisted the adjacent
vertices of veriex W in second row of the first column and stored the vertices
(U, R) in queue and put the vertex W in second row of the third column.
Afier that we visit the adjacent vertices of the veriex, P by storing them (the
vertices U and R) in queue and we say the traversal of the vertex P is done.
We have shown the progress of this traversal method in Figure 8.6(a).
Following the above method we traverse the other vertices of the graph. The
traversal sequences are shown in Figure 8.6(b).

- .

-8 Graph ' 27
lable-8.1: Breadth first traversal of the graph in Figure-8.5

Vertices visited Vertices in queue | Vertex traversal done
AW, P W, P
AW PLUR F,UR
AW.F,UROL |UROL
AWPUROLM|ROLM
| OLM
LM

M

Eromc=ad>

The progress of traversal sequ shown by marking 1, 2, 3 (the
shaded vertices).

I'l'ﬂ\lﬂ!l]@mmm shown by marking 1,2, 3,...., 7.
.6: Pictorial view of BFS
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Algorithm 8.2: Algorithm for breadth first search
1. Input a graph, G
2. Creale two empty lists L and T
3. Create an empty queue )
4. For each vertex of G do
i) Take a veriex v from G
ii) Place the vertex v and its adjacent vertices in L
iii) Add the adjacent vertices of the vertex v to
iv) Place the vertex vin T
5. Repeat the steps 6 to 7 until ©) is empty.
6, Access a vertex w from
7. For each adjacent vertex of w, do
i) If it (adjacent vertex of w) is not in L, place it in L and add it to Q
i) Place vertex win T
E. Output the traversal listin T
Comments: L is the list where we place the visited vertices and T is the list
where we place the visited vertices for which the traversal is done.

8.2.2 Depth First Search (DFS)

In depth-first scarch, we visit a vertex and search for the vertices that are
adjacent io the starting vertex. Then, we visit one of the adjacent vertices of
the starting veriex and find the adjacent vertices of current vertex, Now, we
have to visit one of the adjacent vertices of the current vertex. That is, in
depth-first search when 8 vertex is being visited and its adjacent vertices are
found, the very new vertex to be visited always be the adjacent vertex of the
previous vertex visited,

While visiting one of the adjacent vertices of the previous vertex, it is
obvious that information of the other adjacent vertex of the previous vertex
must be stored somewhere, so that we can visit them later. For this purpose
in depth-first search a stack is used to hold the information (usually values of
vertices) of the vertices. We proceed in the same way uniil we reach the
deepest vertex whose adjacent vertices (one or more) are already in the lisi
(stack) or already visited. In this way, all vertices in the graph are visited.

To traverse the graph in Figure 8.5 we make a table.
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) first column of the Table-8.2, we have enlisted the first vertex and its
' vertices, The adjacent vertices of vertex 4 are also stored in a stack
jecond column of the table). Since the adjacent vertex of A (vertices P and
¥) are stored in stack, the veriex traversal is done, which is marked in the
hird column of the table. So, we say traversal of a vertex is done, when its
fjacent vertices are stored in the stack. Since we store the vertex, W in
ick last, we accessed it first That means, we traverse the vertex W by
oring its adjacent vertices, (vertices R and U} to the stack. In this way we
Wverse other vertices of the graph.

tble-8.2: Depth first traversal of the graph in Figure-8.5

Vertices visited Vertices in stack | Vertex traversal done
AP, W PW A
A P,W,R,U PR, U W
AP, W, R UM P,R.M U
AP, W,R,UMLOR |PRLO M
PRL 0
PR L
P R
P

e-8.7: Pictorial view of depth first traversal method (traversal
| sequences are marked by 1,2,3, ..., 8)
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Algorithm 8.3: Algonthm for depth first search
1. Input a graph, G '
2. Create two empty lists Land T
3. Create an empty stack §
4. For each vertex of G do
i) Take a vertex v from G
ii) Place the vertex v and its adjacent vertices in L
iti) Add the adjacent veriices of the veriex v io §
iv) Place the vertex vin T
5, Repeat the steps 6 to 7 until § 1s empiy.
. Access a veriex w from 5
7. For each adjacent veriex of w do
i) If it (adjacent vertex of w) is not in L, place it in L and add it to §
ii) Place vertex win T
E. Output the traversal listin T
Comments: L is the list where we place the visited vertices and T is the list
where we place the visited vertices for which the traversal is done.
8.2.3 Implementation of DFS & BFS using different data structure of
graph.
DFS:
DFS can be implemenied with graphs represented as:
*  Adjacency matrices with complexity G(F2)
= Adjacency linked lists with complexity &(V+E)
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|3 Minimum cost spanning tree
luhgrnpk* A subgraph of a graph, which contains all the vertices

frlleg tree: A spanning tree is a subgraph (spanning subgraph) of a
ich contains all the vertices of the graph and contains no cycle.
Minimum cost spanning tree; It is a spanning trec whose cost is minimum.

e can build a spanning trec from a undirected connected graph, In a
jpanning tree the total number of nodes (vertices) will be same as the total
' of vertices in the graph. However, the lotal number of edges will be
pe less than the total number of nodes (vertices). In minimum cost spanning
fee the total edge cost will be minimum. In other words summation of the
o8t of the edges of the tree must be minimum. There are two well known -
ithms to build minimum cost spanning tree. One is Prim’s algorithm
wd another is Kruskal's algorithm.

3.1 Prim’s Algorithm
i is 2 method to build a'minimum cost spanning trec edge by edge. Since in
.- inning tree total number of nodes is same as the total number of vertices in

e graph, so at first we take the nodes (vertices) and at each stage, we select
'vm and an edge. When we choose a vertex and select an edge from the
feriex that has minimum cost among all the edges from the {chbﬁn] vertex.
/hen we choose first vertex (the root of the tree), we consider the adjacent
ertices of the vertex associated costs,. We shall select the edge that has
Hini cost. Then we choose another vertex and its adjacent vertices with
G ;:'We shall select the edge with minimum cost again. To select an edge, :
be have 1o check two things. One is, when we select an edge, we should
theck whether any of vertices of this edge make another edge whose cost is
:. s than the first a;:ln:, Second is, we should not select an edge more than
ince and the selected edge must not make a cycle. We consider the graph of
Figure 8.8 and show the swges of Prim’s algorithm 8.9, When we choose the
jost vertices, we have to check the adjacent vertices from this vertex and
lect the edge with minimum cost.

BF5: ¢
BFS has can be implemented with graphs represented as:
*  Adjacency matrices with complexity 8(F2)
+  Adjacency linked lists with complexity ©{V+E)
Usually, we prefer adjacency lists, since it uses considerably less memory
‘when,

|El<<| V|
There also exist some simations where adjacency matnx 15 betier:
+  Graph is “Dense” ie,, | E|=|V?].
=  (Ofien need to check whether an edge exists from u to v



T ——— e —

Data Structures Fundamentals

hap -8 Grapi 133

Figure-8.8: A weighted graph

®
®
® ®

(2] Setection of first edge

(e} Selection of third edge

®

} Selection of fifth edge We cannot select the : L
‘edge (Vi Vi), it has been already selected () Selection of sixth edge
and we rejeet (Vi Vi), since it makes a cycle

& ST
® 4w O
® ®

(b} Selection of second edge

® ©®

ﬂ‘lghﬂinnuf;n@ﬂﬂﬁ

ire-8.9: Picionial viewdf stages Prim's algorithin

rithm 8.4: Prim’s Algorithm

Input a weighted connected graph, G = (V, E). V is the set of vertices
d E is the set of edges '

te an empty list E; 5

e & list Vy which will initially contain the starting vertex, ie Vy = |

each vertex i of G do

mﬁﬁm-wdghlndpc‘-{v',u'}lmongﬂlmdgu{v. u)
that v is in Vyand u is in V - V.
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Ve=ViU W) ® ®

Er=Er U {e'}; 2 J
H

5. Output edge list of the spanning tree Er. @ @
Kruskal's Algorithm 3 -

In this algorithm, we select the nodes (without edges) first. Then we select @

an edpe whose cost is smallest among all the edge costs. Then we select the

sccond edge. The edge is chosen whose cost is smallest among the edpe {d) Step 4

costs except the first selected edge. We continue the process in this way.
When we chooss a vertex with edge it should not make a eycle. Tn Kruskal
algorithm, initially it treats all the single nodes as trees. That means initially,
there are v single node trees, if there are v vertices in the graph. When we
add an edge,

we merge two trees into one. By adding the edge one by one, finally we get a
single tree and the algorithm terminates. As a result, we get the minimum
spanming tree,

@ © © i
® © ® © e
® ® B kel

{Sebect nevdes) by Siep 2 (Sclect an edge with mimimn
Lo o caosl {mindmum among all the edgesi

{h) Step 5

(g) Step 7
8.10: Pictorial view of the stages of the Kruskal's algonithm.
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Algorithm 8.5: Kruskal's Algorithm

1. Input a weighted connected graph, G = (V, E). V is the set of vertices
and E is the set of Edges

3 EmtEinnmdmmhgﬂrdﬂnfﬂuadgeuﬁghhw[q[] =wiep) =... =
wies)

4. Setecounter=0; k=0;

5. while (ecounter < number of vertices - 1)
{

k=k+1;

if (Br U { e } is acyclic)

Er=ErU{ex};

ecounter = ecounter +1 ;
'

6. Output edge list of the spanning tree Er.

8.4 Single source shortest paths problem

It 15 a simple traversal method that finds out the shorest path from a source
vertex to all the remaining vertices of a directed graph, G = (V, E) where V
is the set of vertices and E is the set of edges. In this method, at first we
compare the distance among the source vertex vy and those vertices those arc
adjacent of vy and find out that vertex whose distance is minimum from
vo-We repeat this process until we traverse the entire vertex in the graph and
get the traversing cost Le. the minimum distance.

The casc that should be considered here is, suppose if u and w are two
adjacent vertices of voand traversing cost from vy to the vertices are x and y
respectively and traversing distance from w to uis z where x > yand x > y
z. Then we have to traverse w from vy at first and then we will raverse u
from vy via w s0 that we can find the minimum distance. This case must he
considered for traversing all vertices.
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- We can use the single source shortest path algonithm as described below to

find out all minimum distances by traversing the graph.

1) At first, we create an adjacency matrix cost{1:n)[1:n). It will be a n* n
maltrix in which cost[i](j] = w if there is no edge between v; and v; and
cost[i](j] = x if the distance from v, to v;=x.

We use a status armmay say S[l:n], to keep track which wvertices are

already considered, for all vertex in the graph G. Initially, S[i] = false, 0

<i<=n.

We assign S[vy] = true where v, is the source venex,

We take an armay dist[1:n] for all vertex n in the graph G , and assign

dist{i] = cost [v]{i] , 0 < i <= n. and assign dist[ve] = 0.

Next, we choose a vertex vi= i, from those vertices not in 8 such as v is

adjacent to the sclected vertex and dist [u] from the selected vertex is

minimum and assign S [u] = true. For cach vj = w adjacent to u with

5[w] = false we will repeat Step 6 and 7.

We compare dist[u] with dis [u] + cost{u][w] if we get positive result i.e

if dist{ w] > dist[u] + cost{u][w] then we go to Step 7.

Assign dist{w] = dist[u] + cost{u][w].

W,Erq:nt the Steps 5 to Step 7 untill we find the minimum distances of
~all the vertices from the source vq.

ample;

S/
e
3
0
&
=]

1700 1000

re-8.11: The given graph

L
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By using step- | we will get the following adjacency matrix

1 2 3 4 L1 @ 7 -
il N
2 00 i}

3 1000 B0 0

4 1200 0

L] 1500 0 250

L 1000 0 900 1400
7 0 1000
5 Vi

% >,
‘Figure-8.12: Adjacency matrix
 Here 5 is the source vertex .So S [5] = 1 and dist [5] = 0 from Step 3 and
Step 4

At first we check whether there is an edge from 5 to 1. From the adjacency
matrix, cosl [5] [1]=eo, 50 dist[1]==.

Next we check whetier there is an edge from 5 10 2. From the adjacency
matrix, cost [§] [2] ==, 50 dist[2] ==,

Then, we check whether there is an edge from 5 to 3. From the adjacency
maitrix, cost [5] [3] =, 50  dist[3] =,

In a similar way, we consider the distances of all other vertices from 5 and
build up the dist array.

Now, using Step 5, we choose the vertex that is of the least distance from $
From the dist array we get that the veriex is 6. So we choosc 6 and set S [ 6]
=1,

In Step 6, we will determine all the vertices i adjacent to 6 with 5[] =,
which are 4, 7, 8, Then for 4, 7 and & we will repeat Siep 7 & &
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or vertex 4 first we compare, in Step 7 & 8, whether dist [4] = dist [6] +

cost [6] [4]. Here, dist{4]= 1500 and dist [6] + cost [6] [4] = 250 + 1000~

1250. Here, we have found an altemative pumﬁnmimdwhmhhsn
distance than the direct one and we update the dist as, dist [4] =
[6] + cost [6][4]

‘e repeat the process for 7 and 8 for other vertices. Following the above
prm“iﬂuurdﬁimdnu‘tpﬂtlnthc following diagram the total process
is displayed.

g Werlex o
3 [E] I.-’II M W W [ 18]
T " 0 & Do ]

Ml 3 7 N u 00 0 im0
T 5 " ¥ W 13 g 20 1% 16X
TRET i ] F 3l 10 0 150 LIS 1680
15,6741 ] W 4 M0 1230 2@ 0 1% lesd
EATAR] 3 T 30W A0 150 g 250 Lish 130
561483 2 3350 Ja50 2450 1350 @ IS0 11sD 1430
BhIARIT] T30 330 M 150 0 350 1M 1650
Figure-8.13: Action of single source shortest paths
Algorithm 8.6: Algorithm for single source shortest paths
't'h: algorithm of single source shortest path is given below:
1. Inputa Graph, G
1 Create the cost adjacency matrix COST(n]{n] where n is the number of

vertices
3. Create two empty list dist and 5
4. v is the source vertex

5, foreachvenexiin@
i
S[i] = false;
dist[i] = COST[vI[il;
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. S[v]= true; dﬁ]{v] =
1. for (num =2 0 n-1)do
{

Choose u from among those vertices not in S such that distiu] =
minimum;

S[u] = true; /Putuin$
for (each w adjacent to u with S[w) = false) !
{
if (dist[w] > dist{u] + cost[u][w])then
dist[w] = dist{u] + cost[ul{w]);
1
}

8. Output the shortest path dist of all vertices from the single source v,
Summary:

Graph is a set of nodes and edges. The node that contains data is called
verfex and the line connecting two vertices is called edge. According to the
direction presented in an edge, there are two types of graph: Directed graph
and Undirected graph, When each edge of the graph is assigned a e,
then it is called weighted graph. In & graph, if there exists a path between
each pair of vertices, then it is called connccted graph,
There are two principal methods of traversing a graph: Breadth First search
(BFS) and Depth First Search (DFS). Breadth Sirst search is a simple
strategy in which a node is visited first, then all the successors of the node
are visited next, then their successors and so on. In general, all the nodes arc
visited at a given depth before any nodes at the next level are visited. Depth
first search always visits the deepest node that means the scarch procecds
immediately to the deepest level of the graph, where the nodes have no
successors. In this way, all vertices in the graph are visited.
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From an undirected connected graph, we can build a spanning tree. A
spanning tree is a subgraph that has no cycle. The spanning trec of total
minimum cost is called minimum cost spanning tree. To build minimum cost
spanning tree, the graph must be weighted graph. There are two well known
lgorithms to build minimum cost spanning tree: Prim's and Kruskal's
algorithms. Prim s algorithm is a method to build a minimum cost spanning
tree edge by edge. At first all the vertices are taken and at each next stages,
we select a veriex and an edge from that vertex whose cost is minimum
among all the edges from the (chosen) vertex. Then we choose another
vertex and proceeds similarly. In Kruskal's algorithm, first an edge whose
cost is smallest among all the edge costs is selected, then we select the
second smallest cost assigned edge and next the third, fourth and so on. In
both Prim's and Kruskal's algorithm in each stage we check so that it does
not make a cycle.

The data structure graph can be implemented using aray and linked list. The
difference between tree and graph is that tree contins no cycle whereas
graph may contain cycle. That means all trees are graph but all graphs are
not trees.

Questions:

1. Define graph with example.

2. How a graph can be stored in computer’s memory ? Explain with
example.

3. Define directed, weighted and unconnected graphs. Give examples.

4, Al trees are graphs, but all graphs are not trees. Explain this statement
example.

How many ways & graph can be traversed 7 Discuss in details about
breadth first traversal technigques.

6. Definc adjacent list and adjacent matrix of & graph.
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7. Define a graph. The daily, flights of an airline company appear in ihe igal (Lab) Class
following figure. CITY lists the cities, and ORG{k] and DEST[k] denoic ' Graph related problems

8-1: Given a graph in Fig. 8-1, create an adjacency matrix for the
Print the adjacency matrix.

the cities of origin and destination, respectively, of the figh

NUMBER(k], (i) Draw the corresponding directed graph of the data, (i)

and give the adjacency structure of the graph.

12
NUMBER __ORG _DEST

8
I et | L0 2 3 10
702 3 2 16
Chittagong : Fig. 8-1 : _
; I 03 L] e blem 8-2: Given a graph in Fig. 8-2, create an adjacency matrix for the
: : Print:
3 a - -
= ; . i) the adjacency matrix ii) the list of vertices and adjacency list with
$ . 7 2 5 edge cost of each vertex.
Rajshal far i)
1 Input: Enter vertex: A {from keyboard) 0
7n 5 3
: Dhaka Outpu: B 10 D 12
Input: Enter vertex: B
) i ! ; Output C 7 A 10 12 7
7 ns 1 4 And so on. =
A 7 5 4 Fig 82 .
B lem 8-3: Given a graph in Fig. 8-3 and creaic linked adjacency lists
i ot v edge cost of each edge and print the data of the linked list

8. What is the difference between a iree and a graph ?

9. w}misﬂwdiﬁmmbﬁwunbrmdmﬁmmmhmdd:ﬁhﬁm
search? Show with example.

10. Describe the stages of Prim’s algorithm with example.

11. Describe the stages of Kruskal's algorithm with example.
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Problem 8-4: Given a graph in Flg 8-4 and create adjacency matrix of the
mpllanddﬂtﬂ!lhaqrtluufthtmph. :

CHAPTER NINE

SEARCHING AND
SORTING

Describe lincar searching
Write an algorithm of linear searching
Describe binary searching
Write an algorithm of binary searching

vvvv_E

:

Diescribe the process of selection sort
Write an algorithm of selection sont
Describe the process of insertion sort
Write an algorithm of insertion sort
Describe the process of merge sort
Write an algorithm of merge sort
Descnbe the process of quick sort
Write an algorithm of quick sort

Y'Y ¥ Yy ¥y ¥y

.|.

ching means to find out or locate any element from a given list of
ments. In this chapter we have described methods (algorithms) of
irching and sorting. At the end of cach algorithm we have analyzed the
prithm, i.e., we have estimated the approximae execution time and space
ired for the algorithm. In other words we have shown the complexity of
h algorithm. To identify or locate an element or position of the element

a list of clements is called searching. Usually, there are two types of

i Linear Searching and
ii.  Binary Searching
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9.1.1 Linear Suirching %"
In this melhod*we Eededh 1hl:'m-gm e!m’ﬂi’t ane ﬂy'ms un’ll we find the

el:mtormganrundihalm, "1 E y !

Suppose that we are given a list &f clememid aitd s hrgct element. We have 1
determine whether the target element exists in the list or not and when it i«
found, the location of the element will be output. In linear scarching, at fins

we take an element from the list and compare it with the targel element. 17

the first element is the target clement, then we have found the element and
the searching is successful and completed. On the other hand, if the fira
element is not the target element, then we take second element from the list
and compare it with the target element, TF at this stage the second element i
the target element, lh:n the sﬂmhlng is successful and mn’ptelcd IF the
second clement is also ot the target element then repeat the process as for
the first element and the second element. Thus we shall repeat the process
until we find the target element in the list or we go beyond the list.

Suppose that we arc given a list of numbers as follows:

17 12 18 5 7 & 19
We have to find out whether a number, 7 is in the list or not.

ey —pe | 1 1 4 3 b 70| AT
e . M e L) = a2 N
§ B | b Lt 2] = k7 Rn,
B L M e L Y] e N,
B | W0 s L] = F e,
- LI
i) n 1] L] [ o e |'JI1'1F|“ xF Yen,
: e, Dium fisand,

Figure-9.1: Pictorial view of lincar searching (shaded items showed the
‘searching sequence) ;
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Algorithm 9.1: Algorithm for linear searching
.I Input a list and an item (clement to be found)
AfL...n;
ilem = x;
location =10
2. Search the list to find the target clement
for{i=1;i <=nji=i+1)
{
if (A[7] = item)
{
print “Found ™;
location = i
Stop searching;
'
. !
. if (i > n) print “Not Found *;
|, Output : “Found” or *Not Found".

.1.1.1 Complexity for linear searching

e ; =1+2+3+....... ............ +n

efore, the time complexity = O(n)
2 Binary Searching

inged either in ascending or in descending order.

condition (prerequisite) for binary searching is that the elements must be

3 ~Ghmnﬁn'ufdlu6hmhmwdinmndlmprdmm&t
locaie (find the position of) a particular (target) element from the list.
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9.1.2.1 Process
Suwmmlwmmmulﬁlﬂmmmm
descending order (which is the prerequisite of binary searching) and a target
element. In binary searching, at first we have to identify the middle elemcm
of the list and compare this middle element with the target element. 1f middle
element is the target element, then the searching is successful and
terminated. On the other hand, if the target element is smaller than the
middle element (for ascending data), we have to perform searching on lelt
half of the list in the same manner which was done for the whole list. We
repeat the process until the target element will be found or the (searching)
process will be completed. This process can be stated with points as follows

6_41. In binary searching process, ai first the middle element of the list i
identified. !
Middle index = (1" index + Last index) / 2
2. After that, the target element is compared with the middle element
of the list.

i if the middle element is the target element, then the
process is completed and terminated.

ii. otherwise, if the target element is smaller than the middic
element, we have to scarch the target element in the lcll
half of the list in the same manner which is done for the
whole list.

iii. on the other hand, if the target clement is greater than the
rniddl-n-c_\lsn‘:n‘l‘., the target element has to be searched m
the right half.of the list in the same manner which is done
for the whole list.

We can explain the binary searching process using symbols as follows.
Let the list of the elements are —
ahn,, B B s e .a‘lndrl.l&:w;clﬂmt.

%,_T'hm we du]j follow the mp«s given below Enrbmuy searching:

1, C-umpumn-n-d-d'lcmdcn mﬂ'(ﬂrﬂ-ﬂuﬂﬂ
g Ifx-'d.u,ﬂmmhtdmml'ubmﬁmﬂ
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3. Ifx < a.y then we have io search the target element in ay, a3,
@y wee s seey Aiay A0d we will search the target élement using
Siep-1 and Step-2, where we shall use {mid — 1) instead of last.

4. [fx > a4 then we have Lo search the target element in @pip,
Donidels Duissy +== oy @ A0l wee shall use the Step-1 and Step-2;
where we will use (mid + 1} instead of first.

5. Repeat the process until we find the target element x, or we go
beyond the list. "

Algorithm 9.2: Algorithm for Binary Searching (pseudocode) B~

1. Input A[1...m], x; /4 is an array with size m and x is the target

element

2. firse= 1, last=m;

3. while (first =fasi)
{
mid = (first + last) | 2;
(i) if (x = A[mid]), then print mid; ~// target element =

break (stop searching); : Almid] or target
flelement is i index
mid,

(i1) else if {x < A[mid]) then lasr = mid - 1;
(iii) else first = mid +1;

}
4. ifffirst > last) , print “not found™;
5. Output: mid or “not found™

+

that we are given a list of numbers as follows:
17 19 2B 30 45 55 58 61 63 67 72 76 80 &9
we have to find out 19 from the list.

r
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mmdex—# 1 22 ¥ 4 A& & T B ¥ W m 1 B H
List[] 17 19 28 30 45 55 61 63 67 T2 Té BD BY
19 Li & . I'"‘
ﬂ‘mﬂﬂv- P covaidershie list
fﬂ'?‘ﬂ'ﬂ_ﬁjsu 61 63 67 72 76 80 89
&, i
DI ot
3) 45 55 58 61 63 &7 72 T6 B0 B9
&,
18 = Lisgjmad P Yex. (Peine 2
Seop. Tiement ftnd. m&-_dh_hlu

17¢I)28 30 45 55 58 61 63 67 72 76 80 89
Figure-9.2: Pictorial view of binary searching
9.1.2.2 Number of comparison to search the target element

Smu.mmmnuhhmlumﬂin
Let n = 2% then k= log; n.

Time complexity = O (fog: n)
-
o armange a list of elements (data) in ascending or descending order is

called sorting. There are two types of sorting —
i Internal Sorting and
. Extemal Sorting
9,71 Internal sorting
The method (algorithm) which sorts a list that is small enough to fit entirely
in pri (imternal) m:mq_ur‘:xi: called intemnal sorting.

9‘. ! i I I a— .-H""--\__-f

method (algorithm) which sorts a list (file) that can not fit entirely in
primary memory, that means 1o sort the entire list the method uses external
memaory, is called external sorting.

9.2.3 Classes of internal sorting

Exchange Sort: Selection sort, Insertion sort, Bubble sort
Divide and Conguer Sort: Merge sort, Quick sort

Tree Sort: Heap sort, Toumament sort

Non - comparison based Sort: Radix sort, Bucket sort etc.

e
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9.2.4 Selection sort ;

In this method, at first we select (find) the smallest data of the list. After
sclecting, we place the smallest data in first position and the data in first
position is placed in the position where the smallest data was. After that we
consider the list except the data in the first position. Again we sclect the
{second) smallest data from the list and place it in the second position of the
list and place the data in the second position, in the position where the
second smallest data was. By repeating the process, we can sort the whole
list. Using steps we can write the method as follows.

i.  Given a list of data. Find out the smallest data from the list. Place the
smallest in first position and the data of the first position in the
position of the smallest data.

ii. Repeat the process for the list except data in first position, and so on.

smallest
7 B 10

—-q‘r'_
considerable list
samallest
-
—-q'-i'_
considerable list
5 T B 1a iz 17 18 orted List

Figure-9.3: Pictorial view of selection sort
Algorithm 9.3: Algorithm for selection sort 6‘
1. Input Armay A[l......n]
2. (i) for(i=1ton-1)
{
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small_index = i;
{ii. for(j=i+ 1 wnr)
{
if (A[f] < A[small index]) then small_index = J;
}  /endof second for
femp = A[i];
A[i] ~— A[small_index];
Afsmall_index] «— femp;
} /! end of first for
3. Output: sorted list.
Comments: 4 is an erray of size », where the data are stored and sorted later,

9.2.4.1 Complexity of selection sort [~

For first phase, number of comparison is n-1; second phase, number of
comparison is n-2; third phase, number of comparison is n-3 and so on.
Then,

Mo. of comparisons = (n-1) + (-2} + (n-3)+ ... oo oon s a #1
- ﬂ{ﬂ—l} =lﬂ; _l
2 2 2
Therefore, time complexity = Ofn’)
9.1.5 Insertion sort

In this method, we take the data of second position first and compare it with
the data of first position. I the data in the second position is smaller than the
data in the first position, then we shift the data in first position to the right (to
the second position) and insert the data of second position in the first
mﬁﬁm.ﬂmﬁm&uMdﬂ@hﬂu&mmﬂmﬁﬂwac
take data in the third position and compare it with the data in the second
position. If it is smaller than the data in_the second position, then we
compare it with the data in the first position. If it is also smaller than the data
in the first position, then we shift the two data to their right and place the
data of the third position in the first position. In case if the daia of the third
position is smaller than the data of the second position and greater than the
data of the first position, we shift the data of the second position to its right
and the third data of the third position is inserted in the second position. By
repeating the process for the data in the forth position, fifth position and so
e

S
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we can sort the whole list. Using steps we can describe the process as

i. Given a list of elements {data).

ii. We have to insert a data into its correct position by maoving all data
['hefumil}m&r:ﬁght[th:ur:mlﬂﬂundmdruwhinhiab-e'mg
considered at this moment).

iii. By repeating Step-ii for all considerable data we can amange the

whole list in ascending order.

""r?lu 5 7 8 10
L

Is 12 = iT# Lm&#m#r.
T 5 7 8 10
Is 18 =< (17,02}

T 5] W ] 8 i

1 121.11 i
il il ‘_——_jsai&m.ﬂ,mpm
3 iz T T 0 8 0
- 2 = :

s 7= (18,17, 1L, 5} ¢
7< (18,17,12) 1d > _ T¥Ehife {12, 17,18}
T 17 1 s

5 7 ]
Tnser 7 after 5 {ar blank - e

18
i 5 7 [ 10 12 1 gl

Figure-9.4: Pictorial view of Insertion Sort

According to Figure-9.4 the insertion sort algorithm rearrange data as

follows: L o

i We select item number two (which is 12) and compare it with the
item number one (which is 17) and check 12 < 17; the answer is yes,
then 17 will be shifted right and 12 will be put in the place of 17 {first
position]. "

ii. Next we select the item number three (which is 18 now), Check 18 =
17: the answer is no, so the list will remain as it is.
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§.2.6 Bubble sort
Bubble sort is a simple sorting algorithm. In this method, we at first compare
fhe data element in the first position with the data element in the second
wosition and arrange them in desired order. Then we compare the second
data clement with the third data element and arrange them in desired order.
The same process continues until we compare the data clement at the second
st and last position. This is the first phase (phase-1) of this method. At the
next phase, we repeat the procedure applied at phase | with one less
somparison, (hat is now we stop afier we compare the data element at third
Jast and the second last position and ammange them in desired order. Similarly,

fii. Mext we select the im!n number four (which is 5) and compare it with
tht:'r_b:m number three (which is 18), check 5 < 18; the answer is yes
Again we check 5 < 17, the answer is yes. Again we check 5 < 12 the
answer is yes. So, the items 12, 17, 18 will be shified right and 51will

) be place in first position, which is free afier shifting,

iv. By repeating the process we get the sorted list.

H_,__‘“ﬂ“mﬁ 9.4: Algorithm for insertion sorting
L. Input Amay A[l......n]
2. (i). for(/=21ton)

ll:q-tw,ﬁ~ _plmal.wemputﬂ:epmmdmtapplimdnpmﬁiwimmlus
i= (-1 Uk omparison, that is now we stop after we compare the data element at the
fourth last and the third last position and amange them. This process will

continue and end at the last phase when we will compare only the data
element at the first and the second position and arrange them in desired
. Given a list of data elements Af1], Af2]...., Afn], we can describe the

‘bubble sort algorithm as follows:

(ii). while (i > 0 and A[i] > key-value)
{
Alf+ 1] — Ali];
i=i-1;

} i end of while
;‘E:m:i; key-valne; i, At first we compare 4/1] and A[2] and arange them in desired order so
- that A[1] < Af2]. Then we compare Af2] and A{3] and amange them so

3. Output i
s oo thuldfﬂ-:d{jj.‘i'fnhnv:tu:mﬁnuethispmcuuunﬁlwcmmpmdfn—

1] and Afn} and arrange them so that Afn-1] < Afnj. {we can observe here

9.2.5.1 Complexity of insertion sort that phase | requires n-/ compansons)
No. of iSons = ' -
comparisons =1+ 2+ 3+ ... ...coooiiiiiii +(n-1) ﬂ,w,cmpu.tphmlwimumhﬂmmﬂﬂtﬁmmimpamw
= H{H'“_—D_z.lnl_lﬂ compare and reamnge Afn-2] & Afn-1]. (so this step requires n-2
_ Sy Smparisons)
Therefore, time complexity = Ofn?) “~__- §ii. We repeat phase 1 with one less comparison than phase 2; that is now we

stop after we compare and rearmange Afn-3] & Afn-2f. (so this step
requires n-3 companisons)

, At step n-1 we compare only AfJ] with A2/ and arange them in desircd
rder so that Af1] < A[2].

After n-1 phases the list will be sorted in increasing order.
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Figure-2.5: Pictorial view of bubble sort

According o the Figure 9.5 the bubble sort algorithm rearranges data as

follows:

i. At phase 1, we select the first data 32 and the second data 51 and compare
them whether 32<51, the answer is yes, so no interchange is needed. Then,
we select the second data 51 and the third data 27 and compare them
whether 51<27, the answer is no, so interchange is made. Similarly, we
select the data 51 and 85 and compare them whether 51<85, the answer is
yes, 50 no imterchange is needed. Then we select the data 85 and 66 anid
compare them whether 85<66, the answer is no, s0 interchange is made.
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At phase 2, we select the first data 32 and the sccond data 27 and compare
them whether 32<27, the answer is 0o, so interchange is made. Then, we
select the second data 32 and the third data 51 and compare them whether
32<51, the answer is yes, 5o no interchange is made. Similarly, we select
ﬂndinilandﬁﬁandtmupammmwﬂéﬁﬁ the answer is yes, so
o interchange is needed.

At phase 3, we select the first data 27 and the second data 32 and
compare them whether 27<32, the answer is yes, 50 no interchange is
und:.Thm,wes:!ectlhﬂmnddﬂhﬂuﬂlhﬂﬂ:nﬂdnuilmﬂ
compare them whether 32<51, the answer is yes, 5o no interchange is
made.
Mphu:#,wquhﬂ:h:ﬁrﬂdﬂ!?mdm:mmdﬁunaﬁ
'wmpmﬂmﬁmﬁnl?ﬂlﬂumismmmintcmhupis
made.

rithm 9.5: Algorithm for bubble sort
1. Input Datafl....n]
2. fork=1tondo

; Setst=];
while (st =n-k)
: if (Data[st] > Data[st+1])
Interchange (Data[st] and Data[st+1]);
Set st = st+1;
i
i
3. Output: sorted list
.1 Complexity of bubble sort
No. of comparisons = (n-1) + (n-2) + ... ¥2+1
_n(n-1)
2
“1
- 5 + 0 (m
=0 ().
Therefore, time complexity = O (r°).

L
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.2.7 Merge Sort )
Merge sort is a divide and conquer method. Tt works by dividing the list inw

| leaam=y I

parts, sorting the parts and merging them together. y T Pl
Rl 2 | | 1 | ]

Merge sort is a recursive procedure (function). If a function calls jtself t

repeatedly, then the function is called recursive function. In merge sorl, we N EN [ 7 | @[ s ] s | # ] » |
divide the list into two parts. After getting two lists (parts), we divide each T ;

list into two parts again. We will repeat the division of the lists until we get a L O

single element in each list. B(] [ %) ; ] | | | | I |

k

After that the merging phase will start. That means we shall merge each two

lists into one. By repeating the merging process, at last we will get a single
sorted list.

A disadvantage of merge sort is that it requires extra spaces (array) for & Mrli=anp l
nwis. T B E 'I;| . Jesidn o]
purlie s | 2 | + | &« | ¢ [ 3 [ % | 7 J - a2 el S
B e e SN N e
2 |5 el lla TaEre] s B TR =i M——
uenrmqs|an.|¢|,]|,.|gmh“‘“ mE T o] et | sojpusaund I:!I
mmﬂ_; l L] " 1 ] 6 ||_1 ] 3 II [ I-‘f b i
A | B g HHI!I!]*]_5|'1*|']tl
woescd e EFEla ]l £ =1 % ERE ],4

Figure-9.6:Pictorial view of merge sort .T: Pictorial view of merging process

9.6: Algorithm for merge sort o~
_sort (A, £ 1)

e
"

L1

b
b1

!
m=(+0I2,

_sort (A, f, m);
w_mﬂ m--ﬂ"’ ‘:ﬂ;

Merge (A, f, m, I);
} i end of if
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Cm:n:nl::l-lcmdisin'amhfisﬂmﬁmtindﬂlndﬁislbe_l_ﬂhnln _. ra> 1 we can write
Eal:: procedure (function) is called within the merge_sort , which is writien T(n) =2T{12[] i

Merge (A, f, m, I) ny n
{ =2{27{I +E:|+H
Take an armay T[1... [;
i=fj=m+1;k=f
while (i <m andj <) = 4T{-:-) +2n
{
. ifAL] =A[f], then T[k] += A[i];i=i+1; _nlme il
else T[k] — A} j=j+ I; =4 T':z*}”"
Hend of if
k=k+1; =4[2]{£]+£}+2H
| fend of while 8 4
ffcopy rest of the dam &
if (i = m) then =3T(—]+n+2n
for (b= 1o /) do 3

{
TLk] — A[b]; k=k + 1;

1

437(3}3"

else for (b= i to m) do ]
{ =21 —3]+3H
T[k] +— A[B) k= k + 1 2
| =..=2'T()+kn
1 Hend of function
9.2,7.1 Amalysis of merge sort p'z{%):f{n;mﬁ n=2]
If the time for the merging operation is proportional to n then the mcmpl.mng 2
time for merge sort is described by the recurrence relation =an+nlog,n
1 =
H\‘ I [T()=a, 2'=n, k=log,n]
T(= bt -
T(n) = O(nlog, n).
2T af2) 4 n e>1 “

When n is a power of 2, n = 2*; we can solve this equation by successive
substitutions.
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@-!u.ﬂuui:ksm

Quick sort is a divide and conquer method. In this method one element is o
be chosen as pantitioning element. We dividg the whole list of data into two
parts with respect to the partitioning clement. The data which are smaller
than or equal to the partitioning clement, remain {n the first sub-list or first
part and the data which are greater than the partitioning element remain in
the second sub-list (second part). If we find any data (in the first part) which
i5 greater than the partitioning value that Will be transferred to the second
part. In the second part, if we find any data which is smaller than the
partitioning element, that will be transferred to the first part. Transferring of
data have been done by exchanging the positions of the data found in first
part and second part. By repeating the process, we can sort the whole list of
data. See pictorial view in Figure 9.8,
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>-9.8: Pictorial view of quicksort partitioning
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Algorithm 9.7: Algorithm for quick sort

Quick_sort (£, 1)

{

if(f<h
{
J=makepart (g, f, [ +1);
Quick_sort (f,j=1);
Quick_sort (i + 1, I;
}

H

makepart (a, first, last)
{
part_value = alfirst); i = first; j = last;
do

i
o

{
i=i+l;
} while (ali] <pars_value);
do
{
f=f=1
} while (a[{] > part_value),
if (i <) then interchange (a{4], al/]);
| while ( 2/);
alfirst] = alf]; alf] = part_value,
retum j; ~
Cnl::l}:uut Here, first is the first index and last is the last index; and a
the array which holds the list of data. And part_value is the partitioning
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#lement (first element for first iteration), first is the first index and last is the
Inst index for each part,

8.1 Analysis of quick sort
&t us consider T(n) be time complexity with respect to the number of
S0 ."1-. i ml‘wm

T(n)=n+ l+izu" HE=DHTR=F ... oo voriiemas vosiiesll)

=l
ere (n1+1) comparisons is required for first round, % i5 the probability to

hoose partitioning element. Afler partitioning, if i —1 elements are in one
art, then n—i elements are in other part.

ote that, T7(0) = T(1) = 0. By putting the value of i = 1, 2 3....... n. the
quation (1) can be rewritten as follows:

| )=n+]+§{T{ﬂ}+T{l}+...+T[n~l]}
...... ing both sides by # we abtain

T(n)=n(n+1)+ 2{T(0)+ T(D)+ ... +T(n-1} ... .......(2)
placing n by n—1 in (2) we get

1= D)T(n—1)=n(n-1)+ 2{T(O) + T(1) + ... +T(n=2)} ... ()
tracting (3) from (2) we can write
nT(n)—(n—1T(n—1)=2n+2T(n-1)

(M =T(n-1){n—1+2}+2n
il (n)=(n+1)T(n-1)+2n

2
n+l

[dividing by # (n + 1)]
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chﬂadlyusingmtsmmtu&!l;uﬁ:r?ﬁr—z}.T'i"n-i}.,.‘w:g,:t
T["}=T("_2]+E+
n+l n-1 n n+l
=T{n-—3]+ 2 +E+ .
n=2 n-1 n n+l

_Tn-4 2 % 2 +E+ 2

n-3 n=2 n-1 n n+l
_; T{H"[H—l]} + 2 + 2 +
n-(n-2)} {n—-(n-3)} n-(n—-4)}
g

n n+l
by L L Y e 5 8

2 &4 n n+l

IO o1 1 b

Z 5 +4+ o ~1-1:I
I8

2!'11

225

mel 1wy - 2
[—.:u log, (n +1)—log,

=l : 2

—':-:—:: < log. (n+1)- log, 2]

T(n) < 2(n+ flog, (n + 1) - log, 2}
T(n)<2nlog,n+...
T'(n) = O(nlog,n)
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]‘h-tmuus.ﬂmqwhmnlgomhmﬂkuﬂ{u log, n) time in average case.
On the other hand the worst case time is O (%),

Re nember that merge sont takes O (n log; n) time in average and worst case,
whereas quick sort takes @ (v log, n) time in average case and O (1) time in
orst case.,

3 External Sorting
Extemal sorting is required when the number of records (data) to be stored is
than the computer can hold in its intenal (main) memory. Now-a-
5, to sort extremely large data is becoming more and more important for

rge corporations, banks and government institutions, External sorting is
quite different from intemnal sorting, even though the problem in both cases
i8 to sort a given list of data into increasing or decreasing order. The most
gommon extemal sorting algorithm used is still the merge sort.

1 external sorting method, at first the sorted runs (sorted sub-files) are
produced, and then the sorted runs are merged to produce single run which
gives us a sorted file (list of data). The runs can be produced using any
lernal sorting algorithm like quick sort.
us consider that we have to sort three thousand records R,
Ry.... ..., Ryogo and each record is 20 words long. It is assumed that only one
sand of the records will fit in the internal memory of our computer at a
ime. Now this data can be sorted in the following ways. Suppose the runs
e written in different files on a disk. According to our example there will
i three runs and let there are three files as follows

file-1: R Rp Ryooo o Rypoo
file-2: Risor, Rygon oo vvs oon R 3000
file-3: Rysan Rosssors i ees s 2000
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Now, we shall produce a run by merging the file-1 and file-2 and these will
write in file-4, Again we merge the file-3 and file-4 and produce a single run

which may be written to file-1.
file-4: Ry, Ry oo nens Raoon
file-3: Rapngs vee s oo oo
file-1: |- FR— | Y

During merging phase we shall read some records suppose 500 records from
file-1 and 500 records from the file-2 and merge them. Merging file will be
written to file-4. Again we shall read the last 500 records from the file-1 and
500 records from file-2 and merge them. The merging records will be written
to file-4, Similarly we merge the file-4 and the file-3.

Summary:

To identify or locate an element or position of an element from a list of
elements is called searching Usually therc are two types of searching:
Linear and Binary. Linear searching does not require the elements to be in
sorted order, whereas the binary searching must requires it (sorted order).

To amange a list of clements in cither ascending or descending order 1
called sorting. There are two types of sorting according to the requirement
of memory: Internal and External. Internal sorting sorts the list that is small
enough to fit entirely in primary (intemal) memory whereas external sorting
sorts the list that is not small enough to fit entirely in primary memory, that
means it uses external memory to sort the entire list. There are various types
of sorting methods: Selection, Insertion, Bubble, Merge, Quick, Heap,
Toumament, Redix, Buckel Son ete.

Questions:

1. Compare lincar search and binary search.

2. Explain the hismy,g:nn:h method with example.

3. Show that the complexity of binary search algorithm is [logsn], where n
is the number of elemenis:——

4. Prove that the average case complexity of linear scarch algorithm is

hap -9 Searching and Sorting
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Write an algorithm to find out a number from a list of given numbers.
6. Write binary search algorithm and explain it with example.

What is sorting?

Explain insertion sorting method with example.

¥. Show that the complexity of merge sort is O (nlog,n).

0. Write an algorithm for quick son.
. Sort the following numbers in ascending order using selection sort
algorithm. Show each step.
28,53, 32,84, 46,92, 14, 63
2. Find out the complexity of selection sort algorithm.
3. Write down the algorithm of merge sort and show its complexity.
Write an algorithm for insertion sort and show its complexity is O (n®).
5. Describe the process of quick sort with example. Show its complexity.
6. Write an algorithm for selection sort.
. Why is it necessary to have the auxiliary armay in algorithm merge ?
8. Write the algorithm for bubble sort. Show its complexity.
9. Show with example how data are partitioned in quick sort. Show the
complexity of quick sort in average case.
0. Define internal and extemnal sorting,
1. Show the steps on selection sort (o sort the following data in descending
“order.
{77,33,44, 12, 88, 22, 66 & 95)
. What are the basic differences between quick sort and merge sort 7
Show the steps in bubble sort algorithm for the following data:
32, 51, 27, 85, 66,23, 13, 57

What is external sorting? Explain with example,
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Problems for Practical (Lab) Class
Sorting and searching related problems

Problem 9-1: write a program io sort some random data using selection sort
algorithm. Hints: generate random data and take them in an armay and sor
them. Condition: you cannot use any existing built in function for sorting
algorithm.

Problem 9-2: write & program 1o sort some random data using insertion sort
algorithm. Hints: generate random data and take them in an array and sort
them. Condition: you cannot use any existing built in function for sorting
algorithm.

Problem 9-3: write a program (o sort some random data using heap sort
algorithm. You cannot use any existing built in function that creates heap
and/or sorts data.

Problem 9-4: Write a program to sort seme random data using merge sort
algorithm. You cannot use any existing built in function to merge or so
data.

Problem 9-5: write a program to sort some random data using quick sort
algorithm. You cannot use any existing built in function to sort data.

Problem 9-6: Can you show (print) the element (data) comparisons and time
comparisons of all sorting algorithms for same sets of data?

Problem 9-7: write a program to search (find out) any integer out of 10
integers stored in an array. Use linear searching.

Hints: store 10 integers in an array and use linear search to search any
desired number. The output will be the number and its position {index). Sce
algorithm for linear searching.
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Problem 9-8: wrile a program to search (find out) any integer out of 16
integers amanged in ascending order and stored in an armay. Use binary
search here,

Hints: store 16 integers in an array in ascending order and search any
 desired number using binary search. The output will be the number and its
positien (index). Scc algorithm for binary search.

Problem 9-9: write a program for the following:

1) Generate 100 random integers and sorts them using insertion sort.
2) Use binary search to locate any desired number.

Hints: output will be the sorted list and the position {index) of the number
1o be searched.

Problem 9-10; Write a program 1o sort same sets of data using selection
5071, insertion sort, heap sorl, merge sort and quick sort. Print the number of
data comparisons and exccution time of each sorting algorithm scparately.

Hints: write a program that will generate 10000 random numbers and sons
them using the above mentioned sorting algorithms. The output will be
sorted data, number of data comparisons and execution time of cach
algorithm. Repeat the process for 100000 numbers and more.
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~10 Hashi
CHAPTER TEN =
HASHING !
2
3
4
OBJECTIVES: =
>  Identify hashing, hash table and hash function ~
»  Identify hash collision 9
¥ Describe linear probing method 10
#  Write algorithms for linear probing method
»  Describe quadratic and random probing methods Figure-10.1: Hash table
»  Describe double hashing method
»  Write algonthms for double hashing method
: Hash function (~ _ h
®  Describe rdmhngl ml.-ilmdl A function that is used to transform a value (key_value) into a direct address
'.F- Wﬁl&anrmhﬂ&hﬂgm .mhﬂﬂhhu‘ldamm“mmmm[m'msmw
¥ Describe chaining method - the direct address using hash function such as division method, mid-
®*  Write algorithms for chaining method

quare method, folding method etc.

10.1 Hashing t—%.
Hashing means special type of searching for storing and retrieving data. In
hashing method, an array or table is used to store data that is called hash
table. A special function called hash function is used to store and retrieve
data. For example a simple hash fanction is as follows:

hash function = key_value mod m:
where key value may be Boll No. of a student, Personal ID ete. m is the size
of the hash table, say m = 100,

10.2.1 Division method -
- m is the size of the hash table. In this method modulus operation is

h (key_value) = key_value mod m
nple: Let m = 10, key values are 13, 4, 12, 9, 24 cle. Then direct
nddresses are 3, 4, 2, 9, 5 etc.

In hashing method, the function (hash function) which is used to store the
records (data) in the hash table, the same function must be used to retrieve
the data (records) from the hash table.
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Figure-10.2: Storing key-value in hash table

10.2.2 Mid-square methed &
Here we have 1o take the binary representation of the key value. Then we
square these binary numbers and pick out the middle k bits. Now these k it

will be used as hash address. The size of the hash table will be (at least) 2
1 :

Example: Binary form of key_value = 1011001, by squaring we gel
1111011110001, let & = 3, then middle 3 bits = 111 = 7. So, the hash
address is 7. =3

10.2.3 Folding methods
Take a key value and divide it into equal paris. Each part will be an integer.
The hash address is calculated by adding all the integers.

Example: Suppose a key_value is 324112 If we divide it into 2-digit integers
(three parts) and add then, we get

32+41+12=85. 4

|

J
P
']

\
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I all the key values are 6-digits long, then partitioning into 2-digit groups
s hash address from 0 to 297 (6 + 3 =2 = 99 x 3 = 297). Using 2-digits
hest number we can represent is 99,

0. Hlllﬂ.ﬂlhluﬂ-'—
lash collision is the situation when two data (records) have to be stored in

he sarhe position of the hash table.

ks for example, if a record has been stored in index number 15 of the hash
ah then usually it is not possible to store another record in index number
%, However, from hash function ‘'we may get the same result, ie15 (as
fore). It means now we have to store the record in index number 15 of the
ash table. But the index number 15 of the hash table is already occupied by
ather record, This situation is called hash collision. There arc some
chemes or methods for resolution or resolving of hash collision.

0.3.1 Linear probing method e

i probing is a hash collision resolution scheme. If the target cell of the
sh table is already occupied, then we have to store the necessary data in
¢ hash table using following methods.

Ippo Jhi!“krﬁuﬂﬂfﬂlﬁh“hﬁl‘u:ﬁmwhichm.“hlﬂtﬂm
ta in the cell of the hash table whose index is yy. If vy is occupied, then we

h.Ifwuhr:dmhMHmhu’nhum:hnum:ﬂmdw have 1o use

ne hash function and same method at the time of retrieval of the data,

yo= key_value mod m

et key-vaiue = 205 and m = 100.

g }v.=205mdmuni.ir¢ﬁlnmhﬂ5ismmp&cdthmy.=s+1-6,
means we shall try to store data in cell number 6.
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Figure-10.3: Hash collision and resolution with linear probing

Algorithm 10.1: Algorithm to create a hash table with data 1o resolve hash

collision using linear probing method

1. Input list of elements (key_values);
2. Create an empty hash table, T[1......m|
Jfor{i=1tom)
{
i) index = key_value mod m;
if (Tlindex] = 0), then T[index] = key_value;
ii) else |
. do {
index = index +1;
if {index >=m) index=0;
; } while (T[index] = 0);

i
\

L
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4. Tlindex] = key_value;

}
5. Output a hash table with data (elements).

mments: T[m] is an array of size m. Here we assume that the number of
lements in the list is less than or equal to m. We have taken a hash function,
bey-value mod m to find out the index of hash table. Here we resolve the
jash collision using linear probing method,
rithm 10.2: Algorithm to retrieve a data element from a hash table
1. Input the hash table, T[ I......m], key-value 1o be
retrieved;
2. h = key-value mod m;
3. if (T[h] = key-value), then item = T[AJ;
4. else |
do {
k=h+1;
¥ while (T[A] '= key-value)
5. item = T[h];
6. Output: :h:umﬂwhninkm
nts: Here we assume thal we have stored data using hash function,
ey-value mod m and resolved the collision using linear probing method.
Me have taken a variable, item where we retrieve the target key-value,

0.3.2 Quadratic probing methed

1 this method, if we find the target cell of the table is occupied, then we use
sllowing function as probing function to store the item. s

n.q-{'n-l-.i‘]mndm; where k=1, 2, 3 elc. and o0 on.
¥ = key-value mod m.

hat means, at first we try yy + 1, then yo + 4, yo+ 9 and so on until an empty
sell of the hash table is found.

fyo=1, then y; =2, y3=5, 3= 10 etc.
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10.3.3 Random probing method
Here the following function may be used as probing function:

Yerr = (v + r) mod m, where i =0, 1, 2, 3 and s0 on and r is an integer valuc
that is relatively prime to m. Two integers are relatively prime to each other
if their greatest common divisoris 1, e,

ged (7, m)=1; /iged for Greater Common Divisor.
Ifyo=3,andr=2theny;=531=7, =9, y.= 11 eic.

10.3.4 Double hashing method
In this method we find a hash address using a hash function. If the address
(position) is not empty we use second hash function and find a hash value
Using the first hash value (address) and the second hash value we find the
new hash address (position) in the hash table. We can define hash functions
and find out the new hash address as follows:
hg= key-value mod m;
if' b, is occupied, we find the address as below:
;= ((he* r)*k) mod m;
where, r= key-value mod p,
k=1,2,3...; here m and p should be prime numbers and p < m.
Example; Suppose we have key-value 211
i}y For the first key value:
yo=911 mod 7=1
ii) For the second key-value:
232 mod 7 =1 is not empty.
r=232and5=2
hy = ((hy*+r)*k) mod m
=((142)*1) mod 7
=3mod7=13
i) 624 mod 7=1 is not empty
624 mod § = 4
hy= ({1+4)*1) mod 7
= 5, which is empty,
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rithm 10.3: Algorithm to create a hash table with data to resolve hash

e

T

ision using double hashing method.
1.
2,

Create a table with zeros in all cells, T{1.. m];
for (i=1tom)
I
k=1;
ind = key % m;
if (table [ind] == 0) table[ind] = key;
else
{
re={key % p)+ 1;
do
{
ind = ((ind+r)*k) mod m;
k=k+1;
| while (table{ind]!=0);
} flend of else
table [ind] = key:
} fend of for
output: a hash table with key values.

thm 10.4: Algorithm to retrieve an item from a hash table, where
collision has been resolved using double hashing

II‘

Input the hash table with data, , IT1...... ]
{the hash table that was created with data using
algorithm 10.3)

2. Input the key-value to be retrieved

3

h = key-value % m;

4.k=1;
5. if (T[h] == key-value), item = T[h];
6. else {

%

r=(key-value % p) + 1;
do

i

k= ((h+ r)*k) mod m
k=k+1

} while (T[h] != key-value);
} #f end of else

8. item =T(h];
9. Outpul: the valuable item (the target key-valuc).
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10.3.5 Rehashing method

In this method two hash functions are used. Suppose, one function is f and
another function is &, Then we use following process to resolve the collision
If f (key-value) = yy is occupied, then we find h (w) = i, b (W) =y, h (1)
¥y and 50 on. Here we repeatedly use the second hash function.

Suppose, f (key_wvalue) = key value mod m and h = (f{key value + r} mod
m, where r iz a small prime number and ged (m, 1) =1, Letm= 10, r= 3 and
key values are 621, 901 and 811.
i. Forthe first key value, y,= 611 and 10 =1 is free.
ii. Forthe second value,
¥o= 901 mod 10 =1 is occupied.
yi=(1+3) mod 10 = 4 is free.
iii) Far the third key value,
¥.= 811 mod 10 = | is occupied.
vi=(1+ 3 mod 10 =4 is occupied.
yi=(4+ 3 mod 10 =7 is free.

Algorithm 10.5: An algorthm to create a hash table with data o resolve
hash eollision using rehashing method.
1. Input key values and r
2. Creale a table with zero in all cells
3, for(l to m)
!
ind = key mod m;
if {table[ind] == 0}, table [ind] = key;
4, else f

{
do

{
ind = (md + r) mod m;
I while (tablefind]!=0);
} f end of else
table[ind] = key;
} # end of for
5. Output: table with key values

# \\\\"
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rithm 10.6: Retrieve data element from a hash table, where collision
has been resolved using rehashing method.

1. Input the hash twble, T]1......m], key value to be
retrieved (the table that was created using the algorithm
10.5)
2. for(i=1 to m)

{

h = key_value mod m;
3. if (7[h] = key-value), then item = T{hJ;

d.clse |
do {
h=(h + r) mod m;
} while (T[A] != key_value);
'
5. item = Tfh];

}
6. Output: the variable item.

6 Chaining method

is 2 hash collision resolution scheme. Here hash table is an array of
ters. Each cell contains a pointer that points to the first node of a linked
We shall store the data not in the hash table but as some linked lists,
are linked (connected) with the hash table. This has been illustrated in
10.4 and Figure-10.5.

s¢ we have a hash function, key_value mod 100. Let key_value = 102,
hg = 102 mod 100 = 02; that means we shall store 102 in a node that
be linked by the hash table whose index number is 02,
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Figure-10.4: Implementation of Chaining Method

If another key_value is 802, then 802 mod 100 = 2, now we will create
another node for 802 and link this node with the first node (where data value
is 102). :

Here, we have to use same hash function for storing and retrieving data.

Algorithm 10.7: Algorithm to create a hash table using chaining method

1. Declare nade and table as agay of pointers:
{i}. struct node
{ ¥
int key_walue;
rode *next;
i
{ii). node *mble[m], *npir, *iptr;
2. Create an empty hash table:
for(i=1 to m}
table[i] = NULL;
3. Input key_value and ereate a new node (with key_value)
4. index = key_value mod m;
if (table{index] = NULL), table[index] = nptr;
else {

i
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tptr = table[index];
while (iptr—next != NULL}
{
tptr = tpir—next;
!
tplr—+next = npir;
H
5. Repeat Step-2 to 4 cach time you want to input another
key_value.

. 6. Output: a chain of linked list

omment: tablefm] is a armay of pointers of m size, mpir is the pointer to the
new node and fpir is a temporary pointer that is used 1o make
link between existing last node and new node.

L] NULL
1 ML
2 NTLT.
3 RULL

o [ ol ”
Tuble{index] = 99; ®w | mew

{a]: A bl with null values ssd 8 mew mode with pointor nptr

o | wu o | muL
i HULL 1 WULL
2 MULL 1 KULL
3 MLLL 3 KULL
# NULL " MULL
"t N o :EE
fpir T
[t} Adding 8 new node when fol: Addieg & orw node with existing
tablefindex] is rall node

re-10.5: Create a hash table using chaining method to avoid hash
collision.
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Summary: .

Hashing is the method of storing and retrieving data by searching in/from
table called hash table using a special function called hash fumction. There
are several methods to find out the position (address) using hash function:
division, mid-square, folding method etc. In division method, key-value (ihe
value that is used as a means of finding the position) is modulo divided by
the size of the hash table. In mid-square method, the key-value is represented
in binary form, then we square these values, and finally we pick out the
middle & bits. These & bits are used as hash address. In folding methods, the
key-value is divided into equal parts. The hash address is calculated by
adding all of these parts. Hashing has a limitation of causing hash collision,
which is the situation when hash address for two data (records) is found the
same. Hash collision can be solved by several methods: linear probing,
quadratic probing, random probing double hashing, rchashing, chaining
method etc. The methods or schemes are known as hash collision resolution
methods or schemes,

Questons:

1. Define hashing, hash table and hash function.

2. Wnte an algorithm to store items in a hash table. Solve hash collision
using linear probing method.

3. Wnite an algorithm to add items in a hash table. Here you have to salve
the collision using chaining method.

4, What is hash collision? Explain linear probing method of hash eollision
resolution with example.

5. What is hash function? What do you know about different types of hash
functions?

6. Define rehashing. How can you evaluate the efficiency of rehashing
method?

7. Describe chaining method that is used for hash collision nesolution.

8. Students in your class is 60, each contain 5 digit Roll number. If hashing
table memory location is 97, find locations with (i) division method, (i)

- Mid-square method & (iii) Folding method for the following Roll

numbers. (99705, 99735 & 99759)
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HashaddressH(k) | 4 | 8 | 2 | 11

Suppose a Hash table contain 11 memory locations and a file contain 8
Records, where

Record K|lBR|l€]|D]|E|F]:G]H
4 11 5 1

Using lincar probing method show how the records will appear in
MEMmOry.

). A Hash table contains 1000 slots, indexed from 0 to 999. The elements
in the table have keys that mnge from 1 to 100000. The originel hash
function is Key MOD 1000, Which, if any, of the following collision
resolution schemes would work correctly and why?

Rehashing, with function = (Key+1) MOD 1000

i) Rehashing, with function = (Key+2) MOD 1000

) Rehashing, with function = Key MOD 9938

v) Rehashing, with function = (Key+3) MOD 1000

A Hash table is used to store employee records of EmployeeType whose
key field is called IdNum. The key may range in value from 1000 to
9999, The original hash function is key MOD 100. There is a chain of
records for cach hash address. Write a procedure (function), which
inserts an employee record into the appropriate chain.
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Froblems for Practical (Lab) Class

I-Inli.lng related problems

Problem 10-1: wrile a program to store data (key values) in a hash tablc
using a hash function

where collision has been resolved using linear probing method. Display the
data and respective indices of the table,

Hints: generate 10 three digit integers. Find out the hash address (index)
using hash function such as h = key value mod m, where m = 10 and stor
them in the hash table. Display the data and indices of the table.

Problem 10-2: write 2 program to retrieve a particular data (key valuc)
from the hash table using a hash function where collision has been resolved
using linear probing method, Display the data and respective index of il
table,

Hints: use the hash table that was created by the program as a solution of the
problem 10-1,

Problem 10-3: wrile a program to store data {key values) in a hash 1able
using a hash function where collision has been resolved using double
hashing method. Display the data and respective index of the table.

Problem 10-4: write a program to store data (key values) in a hash ablc
using a hash function where collision has been resolved using double
hashing method. Display the data and respective index of the table.

Problem 10-5; writ¢ a program 1o store the data (records) of the 10 students
in a hash table using a hash function where collision has been resolved using
linear probing method. Display the data of all the students and respective
indices of the table. Each student record contains id of six digits, name and
marks.

Problem 10-6: write a program to retrieve the data (records) of a particular
student from the hash table using a hash function whers collision has been
resolved using linear probing method. Display the data of the students am
respective index of the able.

Hints: use the hash table that was created by the program as a solution of the
problem 10-5.
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pblem 10-7; write a program 1o store data (key values) in a hash table

using a hash function where collision has been resolved using chaining
nethod. Display the data and respective indices of the table,

pblem 10-B: wrile a program lo retrieve a particular date (key value)

from the hash table using a hash function where collision has been resolved

using chaining method. Display the data, node number and respective index

of the table,

Hints: use the hash table that was created by the program as a solution of the
problem 10-7.



APPENDIX-A

DATA STRUCTURES IN
JAVA

OBIJECTIVES:
A data structure is the organization of data in a computer's memaory or in o
disk file. The comect choice of data structure allows major improvements
program efficiency. A way 1o look at dala siructures is to focus on then
sirengths and weaknesses. Some data struciure operations on the following
important data structures are implemented in JAVA:

*  Armay
Stack
Queue
Linked list
Recursion
Tree

LR R R T

11.1 Array
[1.1.1 Creating an array

There are two kinds of data in Java: primitive types (such as int and double),
and objects. Armays are treated as objects in Java, Accordingly new opermilo
is used (o create an armay.
Example:

int[] intArmay; /f defines a reference 0 an ammay

intArray = new int] 100]; /f creates the array, and

/ sets intArray to refer to it

These two lines can be combined in a single-statement approach:
int[] intArray = new int{ 100];

Because an armmay is an object, its name is a reference (o an amay; it's not the
array itself. The armay is stored at an address elsewhere in memory, aml
intArmy holds only this address.
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ys have a length field, which you can use 1o find the size, in bytes, of an

int arrayLength = mtArmay_ length; /V find array length
jize of an array cannot be changed after it's been created. !

1.1.2 Accessing array elements
y clements are accessed using square brackets.

le:
= intArmay[3]; / get contents of fourth element of army
¥[7] = 66; // insert 66 into the eighth cell
1 Java, the first clement is numbered 0, if an index is less than 0 or greater
the size of the array less than 1, the "Amay Index Out of Bounds”
pntime error will occur.

ization
array of integers is automatically imitialized 1o O when iCs created, IF an
of objects is created like the following:

ta[] carArmay = new autoData[4000];

until they're given explicit values, the armay elements contain the
1al null object.
following syniax will inilizlize an armmay of a prmitive type to something
ides 0:

W] intAmay = { 0,3, 6,9, 12, 15, 18, 21, 24, 27 };

P
11.1: Given an array of 10 clements.
a) Display the contents of the amay
b) Find, whether the array contains the value 66
c) Delete the value 55 from the array and display the remaining
elements.
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Let's lock at some cxample programs that show how an array can be used.

Alporithm 11.1: Amay
import javaio.*; /f for 'O

// display items after deletion
for(j=0; j<nElems; j++)
System.out.print(intArmay [j] + " "%

class AtrayApp System.outprintin{"");
{
public static void main{String]] args) throws 10Exception N end main()
i
W end class AmrayApp

int]) intArmay = {77, 99, 44, 55, 22, 88, 11, 0, 66, 33}; Vamy
reference with initialization

int nElems = 10; /f number of items in array

int j; // loop counter

int searchKey; /f key of ilem 1o search for

mments: In this program, an army called intAmay is created with 10 data
sms in it, an item with value 66 is searched, items with value 55 is deleted,
then the remaining nine items are displayed. The output of the program
like this:

it display itemns of the armay

for(j=0; j<nElems; j++) Dutput:
Systermn.out.prnt{intAmay[j] + " "% TT9944 55228811 06633
System.outprintin{**); Found &6

779944 2288 110 66 33

If find item with key 66
searchE ey = 66;
for(j=0; j<nElems; j++) // for each element,
if{intArray [j] == searchKey) // found item?
break; // yes, exit before end
if{j = nElems) // at the end?
System.out.println(*Can't find * + searchEey); I yes

1.2 Stacks
stack allows access to only onc data item: the last item insenied. If this

tem is removed, then the next-to-last ftem can be accessed and so on. This is
 useful capability in many programming situations.

__ 2.1 Java code for a stack

else implements last in first out approach.

System.out.println("Found * + searchKey); // no
¥ delete item with key 55
scarchKey = 55; for(j=0; j<nElems; j++) // lock for it
iflintAmay [j] = searchKey)
break;
for(int k=j; k<nElems; k++) // move higher ones down
intArmay [k] = intArray [k+1];
nElems--; if decrement size age stack;

plem 11.2: Create a stack with the capacity 10 and
a) Push 4 given items in the stack
b) Display all the items by popping them from the stack.

thm 11.2: The StackImpl.java Program
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class StackUnderflowException ﬂmﬂs Throwable
{
H

class StackOverflowException extends Throwable
{
!

public class Stacklmpl |

private int stackData[];
private int sinckTop;
private int capacity;

Heonstracior
public Stacklmpl {int capacity)
{
stackData = new inl[capacity];
this.capacilty = capacity;
this. stackTop = -1;
!
public int pop (Jthrows StackUnderflowException
l .
if (stackTop == 0)
return stackData| stackTop--];
else
!
throw new StackUnderflowException();
i

public voud push(int item) throws StackOverflowException

{
if (stackTop < capacity-1)

else

}
{

)
A

i

i

stackData[++stackTop]= item;

throw new StackOverflowException{);

public boolean isEmpty()

if (stackTop < 0) retumn true;

else retum false;

public boolean isFull()

if (stackTop >= capacity-1) return true;

else retum false;

class Stacklmpl
StackApp

public static void main( String] ] args)

StackImpl aStack = new StackImpl(10}; # make new stack

with the capacity 10

aStack.push(20); /¥ push items onto stack

aStack push{40);

aStack. push{50);

aStack. push(30);

while( 'aStack. isEmpty() ) /f until it's empty,

{ If delete item from stack
int value = aStack pop(),
System.out print{value); // display it
System.out.print(" ");

} 1/ end while

System.out. printin{"™);

} #f end main()
{1 end class StackApp
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The main() method in the StackApp class creates a stack that can hold 11
itemns, pushes 4 items onto the stack, and then displays all the items In
popping them off the stack until it's empry.

Here's the Output:
B0 6040 20

It is worth to notice that how the order of the data is reversed. Because the
last item pushed is the first one popped; the 80 appears first in the output.

11.3 Quene

The word guene is British for fine (the kind you wait in). In Britain, 1
"gueue up” means to get in line. In computer science a queue is a dals
structure that is similar o a stack, except that in a queue the first item
inserted is the first to be remeoved (FIFO), while in a stack, as we've seen, the
last item inserted is the first to be removed (LIFO).

1131 A circular quene

When you insert a new item in the queue in the Workshop applet, the Front
arrow moves upward, toward higher numbers in the array. When you remove
an item, Rear also moves upward. Try these operations with the Workshop
spplet to convince yourself it's truc. You may find the armangement counter
intuitive, because the people in a line at the movies all move forward, toward
the front, when a person leaves the line. We could move all the items in a
queue whenever we deleted one, but that wouldn't be very efficient. Insteud
we keep all the items in the same place and move the front and rear of the
qUELE.

The trouble with this arrangement is that pretty soon the rear of the queue is
at the end of the armay (the Highest index). Even if there are empty cells at the
beginning of the array, because you've removed them with Rem, you sull
can't insert a new item because Rear can't go any further. Or can it?
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'11.3.2 Wrapping around

To avoid the problem of not being able 10 insert more items info the queue
even when it's not full, the Front and Rear amows wrap around to the
beginning of the armay. The result is a circular gquene (sometimes called a

ring bufer).

You can sec how wraparound works with the Workshop applet. Insert
enough items to bring the Rear arrow to the top of the amay (index 9).
Remove some items from the front of the amay, Now, insert another item.
You'll see the Rear amow wrap around from index 9 to index 0; the new item
will be inserted there,

Insert a few more items. The Rear armow moves upwand as you'd expect.
‘Notice that once Rear has wrapped around, if's now below Front, the reversc
of the original arrangement. You can call this a broken sequence: the items
in the queue are in two different sequences in the array. Delete enough iiems
so that the Front arow also wraps around. Now you're back to the original
arrangement, with Front below Rear. The items are in a single configuous
FEguEnce.

11.3.3 Java code for a queus
The queuc.java program features a Queue class with enqueue (), dequeue (),
isFull(), isEmpty() and size{) methods.

The main{) program creates a queue of five cells, insents four items, removes
three items, and insens four more. The sixth insertion invokes the
wraparound feature, All the items are then removed and displayed. The
output looks like this:

40 50 60 70 B0

Problem 11.3: Create a queue of five items and

a) insert four given into the queue

b) remove three items from the queue

) apain insert four more items into the queue

d) display all the items by removing them from the queue.
Forma-14
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Algorithm 11.3: Queue

package queve; :

class QueveUnderflowException extends Throwable
{

i

class QueneOverfllowException extends Throwable

{

!

class QueueImpl

|

privale int capacily ;

private int[] queucData;

private int front;

private int rear;

privaie int nltems;

_If‘.l
public Quevelmpl{int capacity} // constructor
{

this.capacity = capacity;

queueData = new int[capacity];

front=0;

rear=-=-|;

altems = 0;
}
i
public void enqueue (int item) /f put ilem at rear of queus
!

if (isFull()) throw new QueueOverflowException();

else

{
iffrear = capacity-1) // deal with wraparound
rear=-1;
queueData[++rear] = item; // increment rear and insert
nliems++; /f one more item

gblic int dequeue () 1 take item from front of queue

if (isEmpty()) throw new QuencUnderflowException ()
else

{
int temp = queueData [front++]; // get value and incr front

if{front == capacity) // deal with wraparound
front = 0;
nltems—; /f one less item
returm temp; .
i

ic boolean isEmpty() // true if queue is empty

return (nltems==();
ic boolean isFull() // true if queue is full

retumn (nltems==capacity),

sublic int size() // number of items in queus

retum nltems;

ic static void main{String[] args)

Queuelmpl aQueue = new Queuelmpl (10}, // queue holds 10 items
aQueuc.engueus10); // insert 4 items
aQueue. engueue (20);
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aQueue. enqueue (30);
eueue, engueue (40);
a(ucue. dequene (); // remove 3 items
aQueue. dequeue (); A (10, 20, 30)
aQueue. dequeuc ();
aQuecuc. enqueue (50); /f insert 4 more items
alJucue. enqueue (60); /f (wraps around)
aQucue. enqueue (70);
aQueue. enqueue (§0);
while{ 'aQueue. isEmpty(} } // remove and display all items
{
int n = a(jueue. dequeue (J; // (40, 50, 60, 70, 80)
Symem.out.print{n);
System.out.print(" ");
}
System.out.printin{*");
} I end main{)
} /f end class QueueApp

Queuelmpl class includes some fields, namely, capacity, front, rear amd
number of items currently in the queus,

The enquews() method assumes that the queue is not full, If the queue is full
it rises 3 QueueOverflowException and quits. Otherwise an item can be
inserted in the queuwe. Normally, insenion invelves incrementing rear and
inserting at the cell rear now points to. However, if rear is at the top of the
aray, at capacity -1, then it must wrap around to the bottom of the amay
before the insertion takes place. This is done by setting rear to =1, s0 when
the increment occurs rear will become 0, the bottom of the array. Finally
nltems is incremented. -

The dequeue() method assumes that the queuse is not empty. If the queue s
empty it will mise a QueveUnderflowException and quits. Removal always
starts by obtaining the value at front and then incrementing front. However,

if this puts front beyond the end of the armay, it must then be wrapped around
to
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i

[ ]'he/rmtm value is stored temporarily while this possibility is checked.
Finally, nltems is decremented.

isEmpty(), isFull() and size() methods all rely on the nltems field,
espectively checking if it's 0, if it's capacity, or returning its value.

A simple linked list

Dur first example program, linkListjava, demonstrates a simple linked list.
[he only operations allowed in this version of a list are

Inserting an item at the beginning of the list

Deleting the item at the beginning of the list

ing through the list to display its contents

1.4.1 The Link class

is the complete class definition:

55 Link

public int value ; / data item
public Link next; /f next link in list

public Link{int value ) // constructor

: this.value = value ; /Y initialize data
this. next = aull; /¥ (next’ is set to null)

:lul:il".u void displayLink{) // display ourself

: System.out.print(* {* + value + "} "),

|/ end ci:ss Link

in addition to the data, there's a constructor and a method,
isplayLink(), that displays the link's data in the format {22}.
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The constructor initializes the data. The next field is explicitly initialized o
null for clarity, although its automatically set to null when it's created. The
null valee means it doesn't refer to anything, which is the siteation wntil ilw
link is connected 1o other links,

11.4.2 The LinkList class

The LinkList class contains only one data item: a reference to the first link
on the list This reference is called first, It's the only permanent information
the list maintains about the location of any of the links. It finds the other
links by following the chain of references from first, using each link's nest
field.

Algorithm 11.4: Linked List

class LinkList

i
private Link first; /f ref to first link on list
public void LinkList() // constructor

{
first = null; // no items on list vet
i
public boolcan isEmpty() // true if list is empty
i
retum (firs=mnull);
}
/ insert al start of list
public void insertFirst(int id}
| // make new link
Link newLink = new Link(id);
newLink.next = first; // newLink —> old first
first = newLink; // first - newLink
H

public Link deleteFirst() // delete first item

{ /f (assumes list not empty)
Link temp = first; // save reference to link
Tirst = first.next; // delete it: first-->old next
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return temp; /i retum deleted link

}
public void displayList()
[
System.outprint("List (first-->last): ");
Link current = first; // start at beginning of list
while{current != null) /f until end of list,
|
current.displayLink(); // print data
current = cumrent.oext; /' move to next link
;
System.out.printin{™*);
H
}ilend LinkList

he conmstructor for LinkList sets first to null. However, the explicit
nstructor makes it clear that this is how first begins. When first has the
i null, we know there are no items on the list. If there were any items,
first would contain a reference to the first one. The isEmpty() method uses
thiz fact 1o determine whether the list 15 empiy.

The insertFirst() method of LinkList inserts a new link at the beginning of
the list. This is the casicst place to insert a link, because first already poimts
1o the first link. To insert the new link, we need only set the next field in the
pewly created link to point to the old first link, and then change first so it
points 1o the newly created link. In insertFirst() we begin by creating the new
_- using the dala passed as

menis. Then we change the link references as we just noted.

link by rerouting first to point to the second link. This second link is found
by looking at the next field in the first link.

he second statement is all you need to remove the first link from the list.
We choose io also return the link, for the convenience of the user of the
inked list, so we save it in temp before deleting it, and retum the value of
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The deleteFirst() method assumes the list is not empty. Before calling i,
program verify this with the isEmpty() method.

To display the list, you start at first and follow the chain of references from
link 1o link. A variable current points to (or technically refers 10) each link n
turn. It starts off pointing 10 first, which holds a reference to the first link
The statement changes current to point to the next link, because that's whar's
in the next field in each link,

Al cach link, the displayList{) method calls the displayLink() method 1o
display the data in the link.

Problem 11.4: Insert four given items in the linked list and display them
Then removed all the elements from the linked list.

class LinkListApp
{
public static void main(String[] args)
{
LinkList theList = new LinkList(); // make new list
theList.insertFirst(22); // insent four items
theList. inseriFirsi{44);
theList.insertFirst(66);
theListinseriFirst(88);
theList.displayList(); // display list
while( !theList.isEmpty() ) // until it's empty,
{
Link aLink = theList.deleteFirst(); i delete link
System.out.print{"Deleted "); /f display it
aLink displayLink()};
System.out.println™");
i
theListdisplayLisa); // display list
} i end main{)
{ #/ end class LinkListApp
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“In main() we create a new list, insert four new links into it with insertFirsi(),
d display it. Then, in the while loop, we remove the items one by one with
deleteFirst() until the list is empty, The empty list is then displayed. Here's
the output from linkList, java;

List (first-->last): {88] {66} {44} {22}
Deleted {E8)

Deleted {66}

Deleted {44}

Deleted {22}

List (first--=last);

sertion and deletion at the beginning of a linked list are very fast. They
involve changing only one or two references, which takes O(1) time.

ing, deleting, or insertion next to a specific item requires searching
hrough, on the average, half the items in the list. This requires O(N)
comparisons. An amay is also O{N) for these operations, but the linked list is
heless faster because nothing needs to be moved when an item is
nserted or deleted.

a1 .1 0

11.5 Recursion: Finding factorials
1 ctorials are similar in concept W (nangular numbers, except that
tiplication is wused instead of addition. The trangular number
g to n is found by adding n to the tnangular number of n-1,
while the factorial of n is found by multiplying n by the factorial of n—1.
That is, the fifth triangular number is 5+4+342+1, while the factorial of 5 is
*4*3*2*] which equals 120. The factorial of 0 is defined 1o be 1. Factorial
umbers grow large very rapidly, A recursive method can be used io
ealculate factorials, It looks like this:

B
SHTESDOnO L
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Algorithm 11.5: Factofials
long int factorial({int n)
{

2ik

iff==()
return 1;

i

clse
return (n * factorial(n-1) );
i

The base condition pceurs when n is 0.

Enter a number: 6
Factorial =720

Various other numerological entities lend themselves to calculation using
recursion in a similar way, such as finding the greatest common divisor ol
two numbers {which is used to reduce a fraction to lowest terms), raising a
number to & power, and 50 on. Again, while these calculations are interesting
for demonstrating recursion, they probably wouldnt be used in practice
because a loop-based approach is more efficient.

11.6 Binary trec

Tree combines the advantages of two other structures: an ordered amay and o
linked list. You a tree can be searched, as an ondered array, and also inserted
and deleted items quickly, as with a linked list.

Slow insertion in an ordered array

In an ordered army, where all items are armanged in an order, it's quick to
gearch such an amay for a particular value, using a binary search. Applying
this process repeatedly finds the object in O(logN) time. I's also quick 1
iterate through an ordered array, visiting each object in soried order. On the
other hand, if an item be inserted into an ordered armay, firstly a position 1o
be found where the item will go, and then move all the objects with greates
keys up one space in the array to make room for it. These multiple moves are
time consuming, requiring, on the average, moving half the items (N2
moves). Deletion involves the same multimove operation, and is thus equally
slow. If there is a lot of insertions and deletions, an ordered amay is a hal
chowe.

Appendin-A Data Structores in Java 205

Slow searching in a linked list

On the other hand, insertions and deletions are quick 1o perform on a linked
list. They are accomplished simply by changing a few links. These
~operations require Of1) time Unfortunately, however, finding a specified
element in a linked list is not easy. It should be staried at the beginning of
the list and to visit each element until the sought item is found.

It will take on an average of N/2 items, comparing each one's key with the
desired valee. This is slow, requimng O(N} time.

Binary trees to the rescue

Trees provide quick insertion and deletion of a linked list, and also the quick
gearching of an ordered army. It shows both these characteristics, and are
also one of the most interesting data strucitures,

11.6.1 The Node class
First, we need a class of node objects. These objects contain the data

representing the objects being stored, references 1o each of the node's two
‘children and a reference to the parent of cach node. . Here's how that looks:
class BST {

Hmembers

private int value =0

private BST lefi = null;

private BST right = null;

private BST parent = null;

public int getValue () {retum this, value;}
public BST getLefi()  {retum this.left;}

public BST getRight() {retum this right:}
public BST getParent() {return this.parent; |
| /fend BST class

The BST class has a number of methods: some for finding, inserting, and
ieleting nodes, several for different kinds of traverses, and one to get the
data, BST also has two overloaded constructors to properly initialize
the BST class. The following is a skelcton version:

bst;
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Heonstructors -
public BST (int aValue) | }
public BST (int[] data) { }

public void insertNode(int aValue)

|

!

public void traverselnCirder()

|

H

public void traversePreOrder()
{

i

public void traversePostOrder()
i

} ’
public Vector getSortedDataT)
{

H

public BST search{int aValue)
{

'

public void deleteNode(int item)
{

}

ilend BST class

11.6.2 The TreeApp class

Finally, a class is required to perform operations on the tree. Here's how you
might write a class with a main() routine to create a tree, insert three nodes
into it, and then search for one of them and traverse the tree in different ways

Here is the listing of the class BSTApp:

Problem 11.5: Given 10 data.
@) Create a binary search iree

b) Show the output for preorder, in order and postorder

trayersing of the BST
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c) Display the sorted list using Vector

d) Delete the node containing value=50 and then display

the output for inorder traversing

c) Find, whether the BST contains the elements 90 and 120

or not.
package bst,
import java.util. Vector;
class BstApp ’
{

public static void main (String[] arps)

{

/f test data

int testData []= {50, 25, 75, 22, 40,60, 90, 15, 23, 80};

BST bst = new BST(tesiData);

System.out.print{"Preorder Traversing:\t");

bst.traversePreCirder();
System.out.printin();
System.out. printing);

System.out print{"Inorder Traversing:\t");

bst. traverselnOrder();
System.out.printin{};
System.out.printin{);

System_out.print{"Postorder Traversing:\t"};

bst.traversePostOrder();
System.outprintin();
System.out.println();

Vector sData = bst.getSortedData();



Diata Structures Fundamentils K

System.out.print("Sorted List\fu" );

for (int i = 0; i< sDatd.size(); i++)

{ <
Integer j = (Integer ) sData.clementAu(i);

System.out.prink(j.intValue() + "w");
1
System.out.printin();
System.out.printin();

fftry to deleie a node

int item = 50 ;

bst.deleteMode(item);

System.out.print(”Inorder Traversing after deleting [+ item + "J:\");
bst.traverselnOrder();

System.out priniln();

System.out.println(};

i

int aValue = 91

if (bst.search{aValue) != null)
System.outprintin(aValue + * is found in bst");

elsc
System.out.printin(aValue + *is not found in bst");

aValue = 120;

if (bst.search{aValue) != null)

System.out.printin(aValue + * is found in bat");

clae
System.out.printin(aValue +." is not found in bat™);
I *
§ ffend main

}ifend class
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Next we'll look at individual tree operations: finding a node, inserting a node,
Imversing the tree, and deleting a node.

11.6.3 Searching for a node

Finding a node with a specific key is the simplest of the major tree
bperations, so let's start with that. The nodes in a binary search tree
orrespond 1o objects containing information. They could be person objects,
ith an employee number as the key and also perhaps name, address,
lelephone number, salary, and other fields. Or they could represent car parts,
with a part number as the key valuc and fields for quantity on hand, price,
nd so on. But for simplicity’s sake we include only an integer number as the
lata of tree node.

Algorithm 11.6: Searching in BST

blic BST searchiint aValue)
{
BST node = this;

while (nade !'= null)
{
if (aValue == node.getValue()) return node:
else if (aValue > node.getValue())
node = node.right;
clse :
node = node. lefi;

}

retumn null;

re we start from the current node (by this keyword). A maich is sought to
e whether it is matched with the searching value (aValue). If a match is
und we return the matching node. If a match is not found, we follow either
t or right child depending on the value on the node. If all the items in the
k are exhausted we return a null indicating that no match could be found.
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11.6.4 Inserting a node : _ =
To insert a node we must first find the place to insert it. This is much the

same process as trying to find a node that tumns out not 1o exist, as descnbil
in the section on Find. We follow the path from the root to the un_:lmpnunr
node, which will be the parent of the new node. Once-this-parent is fownl,
the new node is connected as its hﬂnrﬁ,ghtchﬂd.d:pmdhngmwi\l\:tm- e
new node’s key is less than or greater than that of the parent.

Algorithm 11.7: Inserting a node
public void inseriNode{int aValue)
{ nde
BST node = this; //insert data from the current n

if (node == null) retum ;
BST parent = null;

/ffind the suitable position within bst
while {node = null )
{
if (aValue > node.value) {
parent = node,
node = node.right;
}else {
parent = node;
node = node.left;
i
]

flereate a new node

node = new BST(aValue);

Hadd this newly created node to the existing tree
if (parent == null) retum ;
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node,parent = parent;

if (aValue > parent.getValue())
parent.right = node;

else
Pﬁl‘ﬂﬂ.lﬂﬁ = node:

Hiend inseriNode

11.6.5 Traversing the tree

Traversing a tree means visiting each node in a specified order. This process
 is not as commonly used as finding, inserting and deleting nodes. One reason
for this is that traversal is not particularly fast. But traversing a tree is useful
in some circumstances and the algorithm is intcresting. There are three
simple ways to traverse a tree. They're called preorder, inorder and
- postorder. The order most commonly used for binary search trees is inorder,
50 let's lookat that first, and then retum briefly 1o the other two.

Incrder traversal

LAn inorder traversal of a binary search tree will cause all the nodes to be

simplest way to carry out a traversal is the use of recursion, A recursive
method to traverse the entire tree is called with a node as an argument.
itially, this node is the root. Thnm:lhudnaa:hwdunnlydm:ﬂiings:

1. Call itself to traverse the node's left subtree

2. Visit the node

3. Call itself 1o traverse the node’s right subtree
iting a node means doing something to it: displaying it, writing il to & file
or whatever.

- | 5
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Algorithm 11.8: Inorder Traversal of BST

public void traverselnOrder()

{
if (this.left = null } diis.leﬂ.mvmln&ﬂqﬂ:

System.out.print{this.value +71"); ot
if (this.right 1= null) this.right traverselnOrder(); \

tifend traverselnOrder

Preorder and Postorder traversals
There are two mmmyubuédﬁimdmthcymulludprmdaml
postorder.
A binary tree (not a binary search m}mbeumllnmptﬁmlmnlgnbmw
expression that involves the binary arithmetic operators +, -, f and *. The
mmmdetwldsmnpeumrmdmhuﬂumhmmmmmh:r:
variable name (like A, Bor C) or another expression.
Hcm'nﬂﬂcsaqwfurlprwnﬂﬂmﬁhnd?

1. Visit the node.

2 Call itself to traverse the node's left subltree.

3. Call itself to traverse the node's right subtree.

The postorder traversal method contains the threc steps ammanged in

yet another way:
1. Call itself to traverse the node’s left subiree.
3 Call itself to traverse the node's right subtree.

3. Visit the node.
Algorithm 11.9; Preorder Traversal of BST

public void traversePreOrder(}
{

System.out print{this.value +W");

-
o e .t s
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if (this.Lcft 1= null ) this.lef. raversePreOrder();
if (this.right != null) this.right.traverscPreOrder();

}ffend traverselnOrder

if (this. left = null ) this.left traverse

if {this.right '= null) Mﬁghthwww I8
System.out. printfthis. value +"\y"); .
- }/lend traverselnOrder

1.6.6 Deleting = node

:mdzisrh:mmtmmplimadmmmnnupmﬁmruquimdfur

ry search trees. However deletion is i :
i = [ important many t :
id studying the details builds character, = l :

hyﬁndm;dwmd:ynummﬁuhm,uﬂqﬂumm:ppmch

"“""'hdﬂm!imm[]_a
Ses to consider. nee you've found the node, there arc three

. md::m’ucdu&wiinluf{humnhiﬂrw].
1he node to be deleted has one child.
Ihe node to be deleted has two children.

orithm 11.11: Deleting Node from BST

pe ic void deleteNode(int item)
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BST node = search (item);

!
BST parent = node.parent; /node has only one ehild
if (node.left == null)
{
{fitem not in bst
i{l‘[nndt == null} Fran . {mode has only right child
‘ b /fdetermine whether it was lefi or ight child of paren
. . in the BST" nghi chi t
s!f’m:n“"l?‘“""” (itamm £ 1ot Boghcan ¥ if (item > parent.value)
return ; parent.right = node.right;
clse
} parent.lefi = node.right;
if (node.left = null && node.right == null & & parent == null) ot
{
/fonly the root is present I

System.out.printin ("BST contains only a single node. Root canl
be deleted.");
retum ;
¥
{inode has no child, can safely be removed from bst
if (node, left == null && node.right == mull)

else if (node.right = null)
{
/fnode has only left child

//determine whether it was left or nght child of parent
if (item > parent.value)

parent.rnight = node.lefi;
( else
parentlcft = node. left;
{ :
Jldetermine whether it was left or right child of parent retum ;
if (item > parent.value) i
parent.right = null;
e fimode has both two children
thedt = mull Hupdate the value of deleting node with that of the inorder
, /fbe sure to delete the inorder successor!
if (node.left 1= null && node.right '= null)
8 retum

{
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damentals
Data Structures Pundamentals . The efficiency of Binary tree
Most operations with trees involve descending the tree from level to level 1o
BST successor = node.night;

find a particular node. In a full tree, about half the nodes are on the botiom
level. (Actually there's one more node on the bottom row than in the rest of
the tree.) Thus about half of all searches or insertions or deletions requine
finding a node on the lowest level. (An additional quarter of these operations
require finding the node on the next-to-lowest level, and so on.) During a
mhwmﬁdtﬂuiﬂilnn:mui:unﬂ:hlmlsnmmmagmdidn

how long it takes o carry out these operations by knowing how many levels
there are.

Assuming a full troe

while (successor.left = null)

|
successor = successorlefi;

Ifnow insert “igﬂfwtﬁr to node. |
node.value = successor.vaug, -
successor deleteNode(successor.valuc); In that case, the number of comparisons for a binary search was

approximately equal to the base-2 logarithm of the number of cells in the
refurmn ; armay. Here, if we call the number of nodes in the first column ™, and the
number of levels in the second column L, then we can say that N
i 15 1 less than 2 rised 1o the power L, or
N=2"1
}/fend deletcNode

Adding | to both sides of the equation, we have
N+1 =2L

This is equivalent to
L = log2(N+1)

Case 1: The node to be deleted has oo children

To delete a leaf node, you simply change the appropnale :hild._ ﬂ.el::!. i e
:de'a parcnt to point to null instead of to the node. The node will still cxd,
n

but it will na longer be part of the tree. o
this chapter we have shown different types of operations on array, stack,

linked list, tree ete. The cperations are depicted in algorithms or
ms using Java.

has one child
Case 2: The node to be deleted N
This case isn't 5o bad either. The node has only two mmw. o ;t.: :\:r::
nd 1o its only child. You want o "snip” the nede out of this suqu.
5 ting its parent directly to its child This involves changing (he
connec

: ce in the parent to point to the deleted node's child. Java an amay is an object, its name is a reference to an amay: if's not the
appropriate refercn

itself. The amay is stored at an address elsewhere in memory, Armays
a length field, which can be used to find the array size. Size of an array
ot be changed afier it's been created. We have discussed various
nthms, such as linear search, binary scarch, bubble sort etc, that make
of simple arrays. We have also demonstrated some aspects of dama
eperations which involve array of objects.

H ode to be deleted has two children o
E'.:eaf-i::t::rmdﬁ has two children, you can't just replace it with one ::
these children, at least if the child has its own children. To delete a m
with two children, the node is replaced with its fnorder successor.
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Three important data structures which involve arrays for storage, namely,
stack, queuc, and prionty queuc, are examined, We have seen how these
structures differ from simple armays.

A stack allows access to only onc data item: the last item inserted. IF thes
itemn iz rémoved, then the next-to-fast item can be accessed and so on This 1=
a useful capability in many programming situations. In computer suience a
queue is a data structure that maintains that the first item inserted is the fira
to be removed (FIFQ), while in a stack the last item inserted is the first 1o be
removed (LIF(). The prionty queue (heap) is a partially ordered dala
structure that can readily give the top priority iterm.
AT

Unlike arrays linked list is an exquisite picce-ofdata structurcs in which each
node of the structure contains a pointer to the next node of the list. Insertion
and deletion from a linked list is easy while traversing or sorting a linked List
is costly because we have to move from node o node to find the desired one

Divide and conquer methed is analyzed by introducing quick sort and merpe
sort algorithms. We have also discussed the concept of recursion throuph
various examples.

Trees provide quick insertion and deletion of a linked list, and also the quick
searching of an ordered aray. It shows both these characteristics, and is als
one of the most interesting data structures, Here we provide in depth study ol
Binary Scarch Tree (BST): inserting nodes in BST, deleting nodes from BS 1
and traversing BST in various ways. Interestingly preorder traversing will
produce a sorted list of nodes.
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pestions:

. Briefly describe the notions of

i} The Complexity of algorithms and

ii) The Space-Time tradeoff of algorithms.
Give flowcharts for

] Double alternative

i) Bepeat-For and

i} R.epeat-While Structures.

. Find 26 (mod 7), -2345 (mad 6)

Suppose T = *“THE STUDENT IS ILL". Use INSERT to change T so
that it reads:
i} THE STUDENT IS VERY ILL
ii) THE STUDENT IS ILL TODAY
i) THE STUDENT IS VERY ILL TODAY
Consider the lincar arrays AAA (5:50), BBB (-5:10) and CCC (1:18).
Also suppose Base (AAA) =300 and w = 4 words per memory cell for
AAA,
i) Find the number of elements in cach array.
i) Find the address of AAA [25], BBB [7] and CCC [15]
Sort the following in descending order of complexity:

nlog,n, 2", n*. n, log,n
Suppose a company keeps a linear array YEAR (1920: 1970) such that
YEAR [K] contains the number of employees bom in year K. Write a
module to find the number NNN of years in which no employee was
bom.
Consider the alphabetized linear array NAME with the following data:

i 2 3 4 5 & 7 8 9% W 1N 12 1 14

ﬁlCiDlElGiH[] K L|M1R|5|T le

] Using the linear search algorithm, how many COMpPArisons ar
used to locate H, M and F?

i) Suppose the Binary Search algorithm is applied 1o find the
location of G. Find the ends BEG and END and middle MID
for the test segment in cach step.
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9.

10.
L.

13.

14,

13

Suppose we want to store the lower triangular sparse matrix A in a

lincar ATy B such that B{f} = EH} =i .B.l_r..!} = Fap, .Hf"ﬂ iy

oo it 50 OO
Build up a formula that gives the integer L in terms of J and K where

" BIL] = ax

Wﬁlcpuudumd:ﬁ;rpuh,pup,mqutmddqunpmﬁm.
Consider the following arithmetic expression P writien in postfix
notation;
P: 5,6,2,+,%12,4,/,-
] Convert the above :Iplmiim in equivalent infix expression,
i) Show step by step the contents of the stack as P is scanned
element by clement for evaluation.

- Consider the following arithmetic infix expression O

Q A+ -C-(D/E*F*G)*H
Follow step-by- convert () to equivalent postfix
expression.
Suppose S is the following list of 14 alphabetic characters:
D,ATASTRUCTURES

Use quicksont algorithm to find the final position of the first character 1)

Show each step.

Translate by inspection the following infix expression to postfix
EXPression;

i) (A+B*D)/(E-F)+G

i) A*(B+D)/E-F*(G+H/K)

Let a and b denote positive integers. Suppose a recursive function Qs

* defined as follows:

16,

[}] ifa<h

a,b) =
) Qla-bb)+1 ifb<a
Find the value of Q (2, 3), Q (14, 3) and G} (5861, T
Write a recursive definition of the factorial of a number, Write a
function to calculate recursively
the factorial of & given number.

-

221

ppendix-A Data Strachures i Java

17. Consider the following queue of characters, where QUEUE is a circular
armay with six memory
cells:

FRONT =2, REAR =4 QUEUE:_,ACD,_ .,

Describe the QUEUE as the following operations take place: ‘
i) F is added, ii) Two letters are deleted, iii) K, L, M arc added, iv)

Two letters are deleted, v) R is added.

18. Define binary trees. Express E=({a-b)/{{c *d) + &) using a binary tree.
19. Suppose the following list of lettars are inserted in order into an empty

binary search tree:

LR,D,GTEMHPAFQ

i) Find the final tree T.
ii) Describe the tree after the node M and D is deleted.

20. Consider the complete tree T with N = 10 nodes:

1 2 3 4 5 6 T & 9 10
[30 [50 [22 [33 40 [60 |11 |60 [22 |55 |
ij By inseningca:h:lmmlnmautimchuﬂdlMuHup,
i} Dehumtmpclcmtrmmumﬁndmund reconstruct the heap.
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APPENDIX-B

DATA STRUCTURE INC
SHARP (C#) i

1t means that a one dimensional array named “sample” {user given) i5
. ed of length (number+1). Here type of data items is integer.

afier creation the array can be used in the following way:
sample[num] = 8;
(“num"” is within the range of “number”).

mple: A program that will store some data to its associated index and

The B i play thoses at the output.

The Data Structures described in this chapter are as follows which e

implemented in C #,
npl Prqr.m-

. Amuys Ip emmonstrate a one-dimensional array.
» Amy List using System;
*  Pointers public class AmayOD |
# Linked List public static void Main() |
¥ Stacks int]] sample = mew int[10};
int i;
: E”“f"::[“:g fﬁ_ﬁ_m“‘“m,_ for(i =0; i< 161 =1+3)
> Sorting 2 i e
: for{i=0;i<6;i=i+1)
*  Sored List Cmﬂll:,WﬂtﬂLiﬂﬂ:“mhﬁmﬂ- 4+ "]: "L
¥ Searching sample[i});
¥ Sa i
¥  Trees H
W=
12.1 Arrays \ . QRERsY sampleArray[0]=0
l.  One Dimensional Array sampleArray[1]=3
2. Two Dimensional Armay sampleArray|2]=6
3. Mult Dimensional Array sampleArray[3|=9
4. Jagged Army sampleArray[4]=12
5. Bit Amay sampleArray[5]=15
12.1.1 One dimensional array 12.1.2 Two dimensional array

Two dimensional Array in C sharp is declared as follows:
inif,] table = new int{numberl, number2];

One dimensional Amay in C sharp is declared as follows:

int[] sample = mew int{number);
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It means that a two dimensional array named “table” {user given) is creaicd
where no. of rows is number] and no. of columns is number2. Here type ol
data item is integer.

And after creation the array can be used in the fa]hhing way:
table[numl, num2] = §
{“m.lrnl" and “num2" are within the range of* 'numhn‘l“ and “number2™)

Example: A program that will store some values (as caleulated) 1o s
associated two dimensional index and displays at the output.

Sample Program=
using System;
public elass Armay0OD |
public static vold Main() {
intt, i
int[,] matrix = new int[3, 4); // Declaration of 2D Amay
Console. Writeline (“Sample out put=");
for{ t=0;t<3; ++f) |
for(i = 0; i < 4] F4i) 1.
matrix[t,i] = (t*4)+i+1; -
Console. Write{matrix[r,i] + * *);
'
Console. WriteLine();
-
H
i

Sample output=
1234
5678
DI01112

Appendiz-B Drata Structure in C Shamp (C#)

12.1.3 Multi dimensional array
Multi dimensional Array in C sharp is declared by the following Structure.
tf,] matrix = { {numl, num2}, {num3, num4}, {numS, numé}, {num?7, nu

}, {num?, numl0} };

_mﬂm that Multi dimensional armay named “mdimen™ (user given) is
reated whose clements are integers and 5 parts are in the armay and in each
ari there resides two elements.

And after creation the array can be used in the following way

Console. WriteLine{mdimen [2,01);
vis will print value “num5”. Because 2 means it resides at 3rd index of the
ndimen™ armay. And the following 0 means the value of the first clement of

: o clements.

mple: A progmm that will store wvalue from 1 1o 10 in a
pultidimensional armay and displays at the output

ple Program=
nE System;
elass Multidimensional Arrays

jpublic static void Main{)

{
int],] mdimen = { {5, 7}.19, 11},{10, 12},{14,16},{21,29} |;

for (int i = 0; 1 < mdimen. GetLength{D); i++)
{
for (Int j = 0; | < mdimen.GetLength(1); j++)

l
Console. WritcLine("mdimen{ {0}, {1}] = [2}", i, j, mdimen[i, j];
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Sample output=
Mdimen[0,0]=5
Mdimen]0,1]=7
Mdimen|[1,0]=9
Mdimen|[1,1]=11
Mdimen[2,0]=10
Mdimen[2,1]=12
Mdimen[3,0]=14
Mdimen[3,1]=16
Mdimen[4,0]=21
Mdimen|4,2]=29

12.1.4 Jagged Array

What is Jagged array?
Jagged Array in C sharp is declared by the following Structure.

int{ (] JArrey = new int [number][];
jagged [0] = mew int [range];
jagged [1] = new int [range];
Jagged [2] = new ini [r.mg:];

——

-—

jagged [number-1] = new int frange];

It means that Jagged armay named “JArmay™ (user given) is created where

cach jagged array is further holds a one dimensional armay.
And afier creation the array can be used in the following way
jagged [0][numberl] = 2:
Console. WriteLine (jagged [0],[numberl ]);
(“number]™ is within the range of “number™)

This will print value 2 as the array of the specified point contains 2.

-
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Example: A program that will store value from 0 to 4 in a jagged aray
which consists three armays and displays the values the output of three

int][] JArmay = mew int{3][]; / Demonstrate jagged arrays
- JAmay[0] = new Int[4];
TAmay[1] = new int[4];
JAmay[2] = new int{4];

int i;

Writeline(*Sample output™);
nsole, Writeline();
/i store values in first amay
for(i=0; i < 4; i++)
JArmay [0](i] = i+2;
/! store values in second armay
for(i=0; i < 4; i++)
JAmay [1][i] = i+4;
/f store values in third array
for(i=0; i < 4, i++)
JAmay [2][i] = i+4;
/i display values in lirst array
for(i=0; i < 4; i++)
- Console. Write(JArmay [0][i] +" "%
Console. WriteLine();
I/ display values in second amay
for(i=0; i < 4; i++)
Console. Write{JArray[1][i] + " *);
Console. WriteLine();
I display values in third array
for(i=0; i < 4; i++)
Console. Write{JArmay{2][i] + * ")
Console. WriteLine();
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Sample output=
0345
0456
0567

12.1.5 Bit Array

What is bit array?

For'accessing the individual bits in the bit army, BitAmay class implements
an indexer. bool[] performs the same thing but An instance of the BitAmay

class consumes substantially less memory than a corfesponding bool[].

The class of BitArmay is described below.
using System;

class BitAmay |

int]] bits;

int length;

public BitArray(int length) {

if (length < 0) throw new ArgumentException();
bits = new int[({length - 1) >>3) + 1];
this length = length;

|

public int Length |

get { rewm length; } -~~~

H . e
public bool this[int index] {

get |

if (index < 0 || index >= length) {

throw new IndexOutOfRangeException();
t

return (bits[index == 5] & 1 << index) !=0;
i

set |

if (index < 0 || index >= length) {

throw new IndexOutOfRangeException();
I
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if (value) {
bits[index >> 5] |= 1 << index:
)

else |
‘bits[index >> 5] &= {1 << index);
H

Any Program can use the BitAmay by creating an instance of BitArray.

BitArray ba = new BitAmay(8);

Examp :Amlﬁtmﬂuﬂihﬁmﬂuthycmﬁngmnf

for(int i=0; i < bits. Count; j++)
Console. Write(" {0, -6} *, bits[i]);
Console. WriteLine("\n");

e static void Main) |

 BitAssay ba = new BitArmay(R); // Demonstrate BitArmay
byte[] b= { 67 };

BitArmay ba2 = new BitArray(b):

showbits("Original contents of BitArmay:", ba);

be = ba. Not();

showbits("Contents of BitArray afier Not:", ba);

i
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Sample outpur=
Original contents of BitArray:
False False False False False False False False
Contents of BitArray after Not:
Truoe True True True True Troe True Troe

12.1.6 ArrayList

What is ArrayList?

ArrayList is implemented in a class of C Sharp. Any program can use this

ArrayList by creating an instance of this class for holding the elements.
ArrayList al = new ArrayList();

The elements can be added in the array in the following way,

al.Add({number);
To get the Armay,

int[] ia = {int{]) al ToAmay{typeof{int));

Now all the elements are in one dimensional integer amay. Anyone can
access or manipulate the amay as like one dimensional Amay.

Sample Program=
using System;
using System.Collections;
public class ArmayListToArmay |
public static void Main() {
AmayList al = mew AmayList();
Console. WriteLine{"Initial number of elements: * +
al.Count);
Console. WriteLine();
# Add elements tothe amay list.
al Add(5),
al Add(6},
al.Add(7);
al. Add(8);

Console. Write{"Conlents: "),

foreach(int i in a])

Console. Write(i + " "};

Console.WriteLine();

Console. WriteLine(" After adding Number of elements: * +
al.Count};

Console. WriteLine();

if Get the armay.
int[] ia = (int[]} al. ToArray(typeof{int));
int sum = 0; '
# sum the armay
for{int i=0; i<ia.Length; i++)
sum += jali];
Console. WriteLine("Sum is: " + sum};

‘Sample output=

Initial number of elements: 0
Contents: 5678

After adding number of elements: 4
Sum is: 26

12.2 Pointers

pointer is a data type whose value refers directly to (“points t0") another

value stored elsewhere in the compuier memory using its address, Thus the

inter has an address and contains (as value) an address. Obtaining the
ue that a pointer refers to is called dereferencing. The dercference
tor i5 *. Pointers in C sharp is declared in the following way,

int* p;

The value can be assigned in this pointer in the following way,

int i = "number”;
p=&number;
p=&i

Dereferencing of pointers is done in the following way,

int r= *g;
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The linked list class is described below,
Sample Program= ‘using System;
using System; class Nods |
class Pointers internal Object data;
{ internal Node next;
public static unsafe void Main() public Node(Object o, Node n}{
{ data = o;
; next = n;
inti=15; )
int* p = &i; // declare pointer and assignment to address of 1 i
int j = 15; public class LinkedList {
int* g = &j; private Node head;
bool b2 = (p=q); private Node previous;
Console. WriteLine("b2 = " + b2); Pt Motk cnacoiod
bool bl = (i == j) e Lt i) {
s head = null;
Console WriteLine("bl =" + bl); previous = null;
/f dereferencing pointers current = null;
intr="*g; H
Console. WriteLine{"r ="+ r); public bool IsEmpry() {
} return head == null;
) !
public void Inser{Object o) |
e ntput'-h o it Node n = new Node{o,current);
o if (previous == null)
by = true head = n:
r=15 else
previous.next = n;
12.3 Linked list Im =
Lintetﬂ.iﬂisimplﬂluﬂtﬂlﬁldlﬂnfﬂmhypmpa.mmus:lhﬂ ;
LinkedList by creating an instance of this class for holding the elements. 3m::1”[}‘:"41‘
LinkedList list = Iw_n' LianLi!ﬂ-; i‘l[prev-iuun e i}
Theel:mnuunhelddﬁdknduLuﬂnﬂij:mibnwmgﬂr. head = head.next;
list.Insert{number/String); / alsg
To get the elements, I-ff previous.next = curment.nexl;
List. GetData(); .": curment = current.next;
To display the elements, ‘ }
List Display(); )

public Object GetData() |

"



Data Structures Fundamentals 714 Appendix-B Data Structure in C Sharp (CH) 33
: W:Thms:mmummcunndunm:ndmmﬂn
if {eurrent = null) clements and displays accordingly.
return current.data;
return null; i Program
' Using System,
public bool AtEnd{) { ing System.Callection;
retirn cirrent = null; public static void Main() {

1

LinkedList list = mew LinkedList();

public void Advance(){ Console. WriteLine("Is Empty {0} " list.ISEmpty());
if (*AtEnd()){ list Insert("AB");
Previous = current; = -
list. Insert{*BC");
Imnl- curment nexi; |i.ILI.I'1HI'ﬁ“Cﬂ.];
} Console. WriteLine(" The onginal list is:");
public void Reset() { list. Diisplay();
previous = null; list. Reset();
current = head; list. Advance();
! _ Console, WriteLine("The current element is {0) " list.GetData());
pu isplay() | list.Re :
Resel(); lmn'mhv:{?l
if (head = null) T
do | 1 I
Console WriteLine(" [0}, GetData(}); )
Advance();
Vwhile (! AtEnd()); Sample output=
i The Original list is:
CA
In this linked list class a node is created using BC
Mode n = new Node(o, current); AB
urrent element is BC
Where o is an object and current is Node type vaniable. An internal node con S '
be created by the following syntax, 12.4 Stacks

intemal Node next,
This internal node is be used in the following way,

cument = current.next;

."-f-

Stack is implemented in a class of C Sharp. Any program can us¢ this Stack
by creating an instance of this class for holding the clements.
Stack stackl = new Stack();

{

i

Il"x
L

e
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The elements can be added in the Stack in the following way, return data(top--J;
stack].Push{number/String); }
To get the clements, public int Top(){
stack].Pop(); If (IsEmpty())
To display the top elements, throw new StackEmptyException("Stack empty”);
stackl. Top(); else
return data[top];
The Stack class is described below, }
using System;
public class Stack { The stack is implemented using Amay. The clements are inserted and
private int[] data; accessed in the Last in First Out way.
private int size:
private int top = -1; Example: The program that uses the Stack Class and stores the elements and
public Stack() ( displays accordingly.
size= 10; ample Program=
data = new int[size]; g o
) ey o
public Stack(iat size) | Using System.Collection;
this.size = size; Mai
rovsmiy Y p;:llflllﬂl:'\'ﬂ“ ain{) |
I b :
: Stack stack] = mew Stack();
puble bool IsEmpty() { stackl.Push(45);
}'"'““‘ =l stackl Push(55):
iteLine("The top i 04", stack1.Top();
public bool IsFull() { 1;.:.:!;w“hn;:i:m RRRBL e
I""“"" o w den = 1 Console. WriteLine("Popping stack returns {0}", stack1.Pop();
: Console, WriteLine("Stack | has size {0}, stackl.size},
paiic vall Pushilat.I){ Console.WriteLine("Stack 1 empty? {0}", stackl.ISEmpty());
if (IsFull()) stackl.Pop();
throw new ApplicationException{"Stack full"); Console. WriteLine(" Throws exception before we get here™);
T i | }eatch(Exception e) |
; LRl =1 ) Console. WriteLine(e);
public int Pop(}{ - { }]'
if (IsEmpty()) | }

throw new StackEmptyException("Stack empty™};
else
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class StackEmptyException : ApplicationException {
li:uhue StackEmptyException(String message) : base(message) {
}

Sample ouiput=
The Top is Now 55
Popping Stack returns 66
Stack 1 has size 10
Stack 1 empty? False
Throws exception before we get here

12.5 Queue
Queue is implemented in a class of C Sharp. Any program can use this
Queue by creating an instance of this class for holding the elements.
Queue quevel = new Queus():
The elements can be added in the Stack in the following way,
queuel add{number/String);

Ta get the elements,

queuel . Remove();
To display the front clements,

queuel. Head();

The Queue class is described below,
using System;
public elass Queue |

private int[] data;

private int size;

private int front = -1;

private int back = 0;

private int count = {;

public Queus() | i
size = 10; ;_.f
data = new Int[size]; i

! {
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public Queuc(int size) {
this size = size;
data = new int{size];
!
public bool IsEmpty() {
return count == 0
}
public bool IsFull() {
return count = size;
H
public void Add{int i){
if (IsFull(})
throw new ApplicationException("Cucue full");
else |
count++,
data[back++ % size] = i;
I
}
public int Remove(){
if (isEmpty()) ,
throw new ApplicationException("Queue empty™),
else |
count--;
return dataf++front % size],
t
!
public int Head(}{
if (IsEmpty()){
throw new ApplicationException("Queue empty");
} :
Else
return data[(front+1) % size];
t
The Queue is implemented using Amay. The elemenis are inseried and
accessed in the First in First Out way.
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Example: The program that uses the Queee Class and stores the elements
and displays accordingly.

Sample Program=
Using System:
Using System.Collection;
Public class QueueDemo |
public static void Main() {
try {
Queue q) = new Queue();
ql.Add(44);
ql.Add(55);
Console. WriteLine("The front is now {0}, q1.Head());
ql.Add(6);
Console. WriteLine("Removing from gl returns {0}", g1.Remove());
Console. WriteLine("Queue 1 has size {0}", ql.size);
Console. WriteLine("Queue 1 empty? {0}", q1.ISEmpty());
ql. Remowve();
Console.WriteLine("Throws exception before we get here™);
teatch(Exception €) |
Console WriteLine(e);
}
!
l

Sample output=
The front is Now 44

Removing from ql returns 44
Quewe 1 has size 10

Queue 1 empty? False
Throws exception before we get here
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12.6 Hashing
Hashing is done using Hashtable which is implemented in a class of C Shamp.
Any program can use this Hashtable by creating an instance of this class for
holding the elements,
Hashtable ht = new Hashtable();
The elements can be added in the Stack in the following way,
htadd{number/String);
Can also be added by using indexer,
hif"key™] = "value";
Here key indicales based on keys values are hashed or will be found out.
To get the keys, '
htkeys();
To display the elements,
Console.writeline{ht[key]);

Example: The program that uses the Hashtable Class for Hashing and stores
the elements and displays accordingly,

Sample Program=
using System;
using System.Collections;

public class HashtableDemo |
public static void Main() |
#f Creaie a hash table.
Hashtable ht = new Hashtable(); // Demonstrate Hashtable.

i Add elemenis to the mble

ht.Add("h", "Dwelling");

ht.Add("c”, "Means of transport™);
hi.Add("b", "Collection of printed words");
h.Add("a", "Edible fruit");

#f Can alse add by using the indexer.
hi["t"] = "farm implement™;
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ff Get a collection of the keys.
ICollection ¢ = ht Keys;
ff Use the keys to obtain the values,
foreach(sting strin c) ¥
Console. WriteLine(str + *: " + ht[str]);
'
}

Sample output=
b: Caollection of printed words
t: farm implement
a: Edible Fruit
h: Dwelling
¢: Means of transport

12.7 Sorting
There is a method named sort in C Sharp by which sorting can be done in an
ascending order. The Syntax is,
Array.Sort (Ar);
For descending order,
Array. Reverse (Arr);
Where “Arr™ is the name of the Armay to be sored.

Example: The program that takes randomly some unsorted elements and
sorts them in the ascending order.

Sample Program=
public class Sort

{
static public void Main ()

{
DateTime now = DateTime. Now;

Random rand = nmfﬂandnm ({int) now.Millisecond);

r
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int [] Arr = new int [12];
for (int x = 0; x < Am.Length; ++x)
{
Aar [x] = rand.Next () % 101;
}
Console. WriteLine ("The unsorted armay clements:™);
foreach (int x in Arr)
{
Console. Write (x + " ");
H
Armay.Sort (Arr);
Console WriteLine ("rn\r\nThe armay sorted in ascending order:™);
foreach {int x in Arr)
{
Console.Write (x +* *);
1
Armay. Reverse (Arm);
Console. WriteLine ("\f\n\rinThe array sorted in descending order:");
foreach {int x in Arr)
{
Console. Wnite (x + " ");

The unsorted Array elements:

7583 16 30 52 43 50 79 96 B4 69 82
The array Sorted in ascending order:
16 30 43 50 52 69 75 79 B2 83 B4 96
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12.7.1 Bubble sort
Example: Use of Bubble sort for sorting unsorted elements in the ascending:

order.

Sample Program=

using System;

public class BubbleSort |

public static void Main() {
int]] nums = { 99, -11, 100123, 18, -978,
5623, 463, -10, 287, 49 §;
inta, b, 1
int size;
size = 10; // number of elements to sor
/f display original array
Console. Write{"Original array is:");
for{int i=0; i < size; i++)
Console. Write(" " + nums[i]);

Console. WriteLine();

{f This is the bubble sort.
for{a=1; a < size; a++)
for(b=size-1; b>= &; b--) {
if{nums[b-1] > nums{b]) { // if out of order
I/ exchange elements
t = nums[b-1];
nums{b-1] = nums[b];
nums{b] = t;
I
H

{f display sorted array
Console. Write{"Sorted array is:");
for{int i=0, i < size, i++)
Console. Write{" " + nums[i]);
Console. WriteLine();
I
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Sample outpur= -
Original Array is:
99 -11 100123 18 -978 5623 463 -10 287 49
Sorted Array is:
<978 -11 -10 18 49 99 287 463 5623 100123

12.7.2 Quick sort
Example: Use of Quick sort mechanisms for sorting unsorted elements in

/f Set up a call 1o the actual Quicksort method.

public static void qsort{char[] items) {
gs{items, 0, items. Length-17;

)

I A recursive version of Quicksort for characters.
I{tlti:‘rﬂiﬂ gs{char(] items, int left, int right)

inti, j;
char x, v;
i= Ief;j = right;
;:{im:u{thﬂ-mshtm
while((items[i] < x) && (i < right)) H++;
while((x < items[j]) && (j > lefi)) j—;
ifi <= j) {
y = items(i];
items[i] = items(jl;
items[j] = y;
)=

} while(i <= j);
If{left < j) gs{items, left, j);
}lﬂt < night) gs(items, i, right);
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The class that uses the quick sort class by creating an instance of that
class is described below.

public class ()SDemo |
public static void Main() {
char{]a={"¢. v, "2\ 'v,'p, 1. );
int 1

Console. Write{("Original array: *);
for(i=0; i < a.Length; i++)
Console. Wnite{a[i]);

Console WriteLine();
 now, sort the army

Quicksort.gsori{a);

Console. Wnite("Sorted array: *);
for(i=0; i < a.Length; i++)
Console Write{a[i]);
1
I

Sample output=
Original Array is: eyarpji
Sorted Array is: aeijpry

1273 Merge sort
Example: Use of Merge sort mechanisms for sorting unsorted elements in

the ascending order.

Sample Program=
using System;
public class MergeSort |
public static void Sort (int[] data, int left, int right) {
If (left < right) { ————
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int middle = (left + right)/2;
Sort(data, lcfi, middle);
Sort{data, middle + 1, night);
Merge(data,left, middle, middle+1, right);
!
}
public static void Merge(int{] data, int left, int middle, int middlel, int right) |{
int oldPosition = left;
int size = right - left + 1;
int{] temp = new Int[size];
inti=0;
while (left <= middle && rmiddlel <= right) {
if {data[lefl] <= data[middlel])
temp[i++] = datafleft++];
else
templi++] = data[middlel++];

H
if (left = middle)
for (int j = middlel; j <= right; j++)
temp[i++] = data[middiel++];
else
for (int j = left; j <= middle; j++)
temp[i++] = data[lefi++];
Array.Copy{temp, 0, data, oldPosition, size),

The class that uses the quick sort class by creating an instance of that
class is described below,

public static void Main (String[] args) {
int{] data = new int[]{2,3,1,6,3,98 4,64 3 45};
for (int i = 0; i < data.Length; i#+) |
Console.WriteLine{data[i]);

}

Sort(data, 0, data.Length-1);

for (int i = 0; i < data Length; i++) {
Console.WriteLine(data[i]);
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Sample output= ~ Sample output=
Original Arrayis: 2316398464345 Original Array is: 812636364120
Sorted Arrayis: 1233344664598 Sorted Array is: 011223346668
12.7.4 Insertion sort 12.7.5 Sorted list
Example: IU-: of Insertion sort mechanisms for sorting unsorted elements in SoredList is implemented in & class of C Sharp. Any program can use this
the ascending order. SortedList by creating an instance of this class for holding the elements.
SortedList al = new SortedList();
:Eh;:rmfms ;  The elements can be added in the amay in the following way,
InsertionSort : .
al . Add(key,number/string);
public static void InsertNext(int i, int[] item) | ik
int current = item[i]: i et o by EFGY’ \
intj=0; string my = (string) al [key];
while (current > item{j]) j++; e e Ramicty uiey,
for (intk = i: k> j; k-) string another = (string) al GetByIndex{index_number);
item[k] = item[l-1]; Mow all the elements are in one dimensional integer array. Anyenc can
item[j] = current; access or manipulate the array as like one dimensional Amay.
b
public static void Son(int{] item) { { Example: Use of Sorted List for sorting unsorted elements.
for {int i = 1; i < item.Length; i++) { 1
InsertNext(i, item); |8 Sample Program=
} using System;
' : using System.Collections;
|'| public class Examplel1_8
The class that uses the Insertion sort class by creating an instance of [ |
that class Is described below. public static void Main()
: {
Pﬂhllﬂiitlﬁt void Main{) | !/ ereate a SortedList object
intf] item = new int[]{8,1,2,6,3,6,3,6,4,1,2,0}; SortedList mySortedList = mew SortedList();
for(int i=0; i<item.Length;i++){
Gl:!_nmlt,\"l’rilcl.illel;“ﬂﬂl;imi Amay is:""item{i]); /f add elements containing US state abbreviations and state
Sort{item); /{ names to mySortedList using the Add() method
for(int i=0; i<item.Length;i++){
Console. WriteLine(“Sorted Array is:"item[i]); mySortedList Add({"N", "New York");
H mySortedList Add("F”, “Florida"};

; | mySortedList Add("A", "Alabama®);
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mySortedList. Add("W", “Wyoming");
mySoricdList. Add("C", "California");

! get the state name value for "CA"
string myState = (string) mySortedList["C"];
Console. WriteLine("myState = * + myState);

/f get the state name value at index 3 using the GetByIndex() meth d
string anotherState = (string) mySortedList. GetByIndex(3);
Console. WriteLine("anotherState = " + anotherState);

// display the keys for mySortedList using the Keys property
foreach (string myKey in mySortedList Keys)
{
Console. WriteLine("myKey = " + myKey);
H
/! display the values for mySortedList using the Values property
foreach(string myValue in mySortedList. Values)
{
Console. WriteLine("myValue = " + myValue);
|
i

Sample output=
myState=California
anotherState=New York
myKey=4
myKey=C
myKey=F
myKey=N
myKey=W
myValue=Alabama
myValue=California
myValue=Florida
myValue=New York

my Value=Wyoming
|
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12.8 Searching
12.8.1 Binary searching
Example: Use of Binary Search for finding out the index by using some key.

Sample Program=
using System;
public class BinarySearch |
public static int Search (int[] data, int key, int left, int right) {
If (lefi <= right) {
int middle = (left + right)/2;
if (key == data[middle]) :
return middle;
else If (key < data[middle])
return Search(data, key,left. middle-1);
else
return Scarch{data key,middle+ 1, right);
}
retarn -1;

]
The class that uses the Binary search class by creating an instance of

that class is deseribed below.

public static void Main(String[] args) {
intkey, //the search key
int index: /f the index retumed
int]] data = new int[10];
for(int i = 0; i < data.Length; i++)
data[i] = i;
key =3,
index = Search(data, key, 0, data.Length-1);
if (index == -1)
Console. WriteLine("Key {0} not found", key);
Else
Console.WriteLine ("Key {0} found at index {1}", key, index);
'
H

Sample outpur=
Key 5 found at index 5
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12.9 Set :
We arc familiar with mathematical Set from higher mathematics. The set
data structure in C sharp is almost like that where the set contains some
elements and elements can be added and subtracted from the set where
addition here indicates the union operation of set. The algorithm of set data
Structure is given below,

using System;
using MyTypes.Set;
namespace MyTypes.Set |
class Set |
char{] members; // this armay holds the set
int len; // number of members

[ Construct a null set.

public Set) {
len=0;

H

ff Construct an empty set of a given size.

public Set(int size) |
members = new char(size]; // allocate memory for set
len = 0; // no members when constructed

}

/{ Construct a set from another set.

public Set(Set 5) {
members = new charfs.len]; // allocate memory for set
for(int i=0; i < s.len; i++) members[i] = s[i];
len = s.len; // number of members

}

/i Implement read-only Length property.
public int Length {

/! Implement read-only indexer.

public char this[int idx]{
get |

if{idx >= 0 & idx < len) return members[idx];
else return (char)0;
H

'

/* See if an element is in the set.
Retum the index of the element
or -1 if not found. */

int find{char ch) {

int i;

for{i=0; i < len; i++)
if{members[i] == ch) return i;

refurn -1;

}

/i Add 2 unique element to a set.
public static Set operator +{Set ob, char ch) |
Set newset = new Set{ob.len + 1); // make a new set one element larger

{f copy elements
for{int i=0; i < ob.len; i++)
newselmembers[i] = ob.members[i];

I/ set len
newset.len = ob.len;

I/ see if element already exists

iffob.find{ch) == -1) { / if not found, then add
/ add new element to new set
newsel members[newset len] = ch;

newset,len++;
!
return newset; /' retum updated set
}
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/i Remove an element from the set. Example: Use of Set data Structure {Addition, Subtraction).
public static Set operator -(Set ob, char ch) {

Set newset = new Sei();

int i = ob.find(ch); & | will be -1 if element not found

Sample Program=
The class that uses the Binary search class by creating an instance of
that class is described below.

!/ copy and compress the remaining elements

fer(int j=0; j < ob.len; j++) #! Demonstrate the Set class.

public elass SetDemall {

iffj != i) newset = newset + ob.members[j];
return newset;
}

Jf Set union.
public static Set operator +H{Set obl, Setobd) {
Set newsel = new Set{obl); / copy the first set

{f add unique ¢lements from second set
for(int =0; 1 < ob2.len; i++)
newset = newset + ob2[i];
return newsel; /f retum updated set
1

/! Set difference.
public static Sct operator -(Set obl, Set ob2) |
Set newset = new Set{obl); /f copy the first set

i/ subtract elemenis from second set
for(int i=0; i < obZ.len; i++)
newsel = newsel - ob2[i];
return newsel; /f retum updated set
|
i
H

public static void Main() {

/¥ construct 10-element empiy Set
Sct 5] = new Set();

Set 52 = mew Sei();

Set 53 = pew Set);

sl =zl +'A%

sl = 5] + 'BY;

gl =gl +'C

Console.Write("s] after adding A B C: ");
for(int i=0; i<sl.Length; i++)

Console. Write(s1[i] + " *);
Console. WriteLine();

3l =3l - 'B:

Console. Write("s1 afier s1 =s1 - 'B: ");

for{int i=0; i<sl.Length; i++)
Console. Write(s1[i] + " *);

Console. WriteLine();

sl = sl -"A"

Conszole. Write{"s1 after s1 =5l -"A": ");

for(int i=0; i<sl.Length; i++)
Console.Write(s1(i] + " ")

Console. WriteLine();

sl =51 -'C;
Console. Write("s1 after al =s1 -'C": ");
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for{int i=0; i<zl Length; i++)
Console. Write(s1[i] + " ")
Console. WriteLine{™n");

sl = sl +'A';
51 = g1 + "B
5l =gl +C"
Console Write("s] after adding A B C: ");
for{int i=0; i<s].Length; i++)
Console Wrte{s1[i] + = *);
Console. WriteLine{);

Console.Write("s] is now: ");
for(int i=0; i<sl Length; i++)
Console. Write(sl[i] + " ")
Console. WriteLine{);
}
}

Sample output=
51 after adding ABC: ABC
51 after sl=51 -"B": AC
51 after sl=s1-"A": C
51 after s1=s1 -"C":

51 after adding ABC: ABC
Elisnow: ABC

12.10 Trees

The Program of Binary search tree is described below:

using System;

public sealed class BinarySearchTree<T> : [Collection<T=> where T :

IComparable<T=>

{
internal sealed class Node

{

public T Value,
public Node Parent:
public Node Left:
public Mode Righi;
public Mode(T Value)
{
this. Value = Value;
} i
public Node(T Value, Node Parent)
{
this.Value = Value;
this.Parent = Parent;
}

public struct AscendingOrderEnumerator : IEnumerator<T=>

private T Current;
public T Current
{
et
{
return this._Current;
1
)
public bool MoveNext{)
{
if (this, Next == null)
{
retumn false;

]
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this,_Current = this. Next.Value; public int Count
{
if (this._Next.Right == null) get
{ {
while({this. Mext.Parent != null) && retumn this. Count;
(this._Mext == this._Next Parent. Right)) }
{ }
this. Next = this, Next.Parent; public bool Add(T Item)
} {
this._Mext = this. MNext.Parent; if (Item == null)
} { -
l:'iu throw new ArgumentNullException();
!
for(this._Next = this._Next.Right; this._Next.Left != null; ' if (this._Root == null)
this._Next= this._Next.Left); | {
i this._Root = new Node(Item);
I
} retum true; else
. f
:{m:mal AszendingOrderEnumerator{Node Mode) for{Node p = this. Root; ;)
. {
'{f{ﬂ"d‘ b= null) int Comparer - [tem.CompareTo(p. Value);
while (Node.Left '= null) if (Comparer < 0)
{ {
Node = Node.Lefi: if (p.Left != null)
} {

p=p.Lefy;
}
else
{
p.Left = new Node{ltem, p);

break;

this._Next
this._Curmrent

private Node _Root;
private int _Count;
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else if (Comparer > 0)
{

if (p-Right != null)
i
p= pRight;
/
else
{
p-Right = new Node(ltem, p);
break;
i
}
else
{
: return false;
}
)
}
this. Countt+;
retum true;
i
public void Clear()
{
this._Root = null;
this. Count =0;
i
public bool Contains(T Item)
|
if (Ttem == null)
{
throw new ArgumentNullException();

!
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for (Nede p = this._Root; p != null; )
{
int Comparer = Item.CompareTo(p. Value);
if (Comparer < 0)
{
P = p.Left;
H
clse if (Comparer > D)
i
- p = p.Right;
H
else
{
refum true;
'
H

retum false;
|]:luh1'u: void CopyTo(T[] Array, int Index)
{ if (Armay = null)
: throw new ArgumentNullException();

if ((Index < 0) || (Index >= Array.Length))
{
throw new
ArgumentOutOfRangeException();
}
if ((Armay.Length - Index) < this. Count)
{
throw new ArgumentException();
H
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if (this._Root = null)

i

Node p = this, Roof;

while (p.Left != null)
{

p=p.Lefi;
i

for(;;)
Amay(Index] = p.Value;

if (p.Right == null)
{
for(;:)
{
if (p.Parent == null)
{

rEtim;

]

if (p = p.Parent.Right)

{
break,
i
p = p.Parent,
i
p = p.Parent;
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else
i

for (p = p.Right; p.Left != null; p = p.Left);
}

Index++;

}
i
public AscendingOrderEnumerator GetEnumerator()
{
FEMUm new
AscendingOrderEnumerator(this. Root);
'
public bool Remove(T Item)
i
if (Item == null)
|
throw new ArgumentNullException();
}
for (Node p = this._Root; p != null; )
{
int Comparer = Item.CompareTo(p.Value);
if (Comparer < @)
{
p=p.Left;
|
else if (Comparer > 0)
{
p = p-Right;
'
clse

{
if (p.Right = null)
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ff Case 1: p has no right child

if (p.Lefi = null)
{

p.Left.Parent = p.Parent;
}

if (p.Parent == null)

{

this, Root = p.Lefi;

1

else

{

if (p == p.Parent.Left)
{

pParentLeft = p.Left,
H
else
{
p.Parent.Right = p.Left;
H
i

i
else if (p.Right Left == null)

/f Case 2: p's right child has no left child

if (p.Left = null)
{

p-Left.Parent = p.Right;
p.RightLefi = p.Leli,
}

p-RightParent = p Parent;

-
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if (p.Parent == null)
{
this. Root = p.Right;
!
clse
{
if (p == p.Parent Left)
{
p-Parent.Left = p.Right;
'
else
i
p.Parent. Right = p.Right;
}
1

clse
Jf Case 3: p's night child has a left child

{
Mode s = p.Right.Left;
while (5. Left = null)
|
s= 5 [efi:
i

if (p.Left '= null)
i

p.Left.Parent = s;
s.Left = p.Left;

i

s.ParenL.Left = s.Right;
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if (s.Right '= null)
{
s.Right Parent = s Parent;
!
¥ p-Right.Parent = §;
s.Right = p Right;

s.Parent = p.Parcnt;

if {p.Parent == null)

{

this. Root=g;

}

else

{

if (p == p.Parent.Lefi)
l

pParent Lefi = &
1
clse
{
p.Parent. Right = ;
)
i
'
this._Count--;
refim true;
i
1
retum false;

public BinarySearchTree()
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this. Root = null;

this._Count =

12.11 Graph

The Graph class has a number of methods for adding nodes and directed or
undirected and weighted or unweighted edges between nodes. The
AddNode() method adds a node to the graph, while AddDirectedEdge() and
AddUndirectedEdpe() allow a weighted or unweighted edge to be associated
between two nodes.

1n addition 1o its methods for adding edges, the Graph class has a Contains()
method that returns a Boolean indicating if a particular value exisis in the
graph or not. There is also a Remove() method that deletes a GraphNode and
all edges to and from it. The relevant code for the Graph class is shown
below,

public class Graph<T> : [Enumerable<T> |

private ModeList<T> nodeSet;

public Graph() : this(null) {}

public Graph{NodeList<T> nodeSct)

{ if (nodeSet == null) this.nodeSet = new NodeList<T=>(); else this.nodeSet
= nodeSet; | public void AddNode(GraphNode<T=> node)

Al

nodeSet. Add(node); } public void AddNode(T value) {

ff adds a node to the graph

nodeSet Add{new GraphMNode<T=>{value}}; "r public void
AddDirectedEdge( GraphNode<T> from, GraphNode<T=> to, int cost)

{ from.Neighbors. Add(to); from.Costs. Add{cost); |

public void AddUndirectedEdge{GraphNode<T> from, GraphNode<T> to,
int cost)
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{ from.Neighbors.Add(to); from.Costs. Add(cost); to. Neighbors. Add{from):
to.Costs. Add(cost); } 1
public bool Contains(T value)
{
retum nodeSet. FindBy Value(value) != null; }
public bool Remove(T value)
{
/I first remove the node from the nodeset
GraphNode<T> nodeToRemove = (GraphNode<T>)
nodeSet FindByValue{value);
if (nodeToRemove == null)
// nede wasn't found return false, otherwise, the node was found
nodeSet Remove(nodeToRemove); // enumerate through each node in the
nodeSet, removing edges to this node
foreach (GraphNode<T> gnode in nodeSet)
{ int index = gnode. Neighbors. IndexOf{inode ToRemove); ;
if {index = -1)
{
/f remove the reference to the node and associated cost
gnode. Neighbors. RemoveAt(index);
gnode.Costs RemoveAt(index);
!
| return true;
i
public NodeList<T> Nodes { get { retum nodeSet: } }
public int Count { get { returmn nodeSet. Count; } )
H
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Summary:
In this chapter we have shown different types of operations on array, linked
list, m:k.qumc,mm.mu:upuﬂiun:mdmimdhalgnﬁthnunr

programs using C Sharp.

¥ One dimensional array in C sharp is declared as int]] aray _name=new
int [length_of_amay]. Two dimensional array is declared as int [,]
array_name=new int [row_number, column_number]. Multi dimensional
armay is declared as int [,] amay_name ={{numbe_|,number 2},
{number 3,pumber 4},.........c..cn. {NUMber_n-1, number_n}}.
Jagged amay consist several amays. It is declared as int [] (]
array_mame=new int [number_of arrays] []. And lastly for accessing
individual bits, Bit array is used. The syntax for creating a Bit armay is
BitArray armay_name=new BitArmay(number_of_bits).

% An ArrayList is a special kind of data structure. It stores information in
an array that can be dynamically resized. This data structure in C Sharp
contains methods that assist the programmer in accessing and stoning
data within the ArrayList

¥ Pointers in C sharp is declared as int® p; In C sharp, Linked List is
implemented in a class. In Programs Linked List can be used by creating
an instance of this class,

% A program can usc stack by creating an instance of stack class and in
similar way the program can use queue by creating an instance of queue
class,

¥ In C Sharp, Hashing needs Hash t.aEI!:. Hash table is implemented in a
class,
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» Sorting can be done by using a method named “sort” in C sharp, Bubble
sort, quick son, Insertion sort etc. class can be implemented. In Any
program, bubble sort mechanism can be used by creating an instance n-l
Bubble sont class. In the same way, in any program, quick son
mechanism can be used by creating an instance of quick sort class and
can use Insertion sort by creating an instance of Insertion sort class
SortedList stores information in an array in the appropriate order, This
data structure in C Sharp contains methods that assist the programmer in
accessing and storing data within the SortedList,

Binary search class is defined in C sharp. So, any program may use
binary search class for searching,

The set data structure in C sharp contains some clements. Elements can
be added and subtracted from the set. Addifion indicates the union

aperation of set. Binary search tree is a special kind of tree like data
structure,

There exist several methods of Graph class in C sharp. AddNode()
method adds a node o the graph, while AddDirectedEdge() and
AddUndirectedEdge() allow a weighted or unweighted edge to be
associated between two nodes. It contains some other methods, The
methods help to represent the nodes in a graph.

Questions;

1. What are the different kinds of data structures in C sharp ? Give shon

description 1o each.

Suppose, SAMPLE is a linear array with n numbers. Write a proceduse
which finds the average of the values. The average of the values x; x; 1,
X4 Xqis defined by,

Ave=(x; x;x; x, __ x)n
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1

Each batsman in a cricket team of 11 players plays 5 games in which

scores range between 0 and 50, Suppose the scores arc stored ina 11 = 5

array named SCORE. Write 2 module which

a) Finds the average score for cach game

b} Finds the average of the player's four highest scores for each player.

c} Finds the number of players who will be eliminated for the next
malch, i.e., whose average score is less than 10,

What is the difference between array data structure in C and C Shamp ?

What is the difference between Pointers in C and C Sharp ?

A shop keeps track of the serial number and price of its items in armays

ITEM and PRICE, respectively. In additicn, il uses the data structure

stated in figure, which combines a record structure with pointer

variables. Computers, Mobile phones, Cameras are listed together in

ITEM. The variables NUMB and PTR under USED indicates,

respectively, the number and location of different items.

a) How does anyone index the location of the list of Computers in

ITEM?
Write a procedure to print the serial number of all Mobile phones.

SHOP ITEM  PRICE
2 ITEMS !
3 COMPUTERS 2
4 NUMB
4 PIR

3 MOBILE PHONES
4 NUMB
4 PTR
3 CAMERAS
4 NUMB !
4 PTR
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i
8.

10.

1.

12,

13.
14.

15.

What is linked list? How linked list class is implemented in C sharp?
Given an integer I, write a procedure which delztes the 1y, element from
& linked list.
Write a program which adds a user given item at the sorted list.
Consider the following stack where stack is allocated N=3 cells,
STACK: A B,
Describe the stack as the following operations take place,
a) PUSH(STACK,C) b) POP(STACK, ITEM)
c) POP(STACK, ITEM)
Consider a priority queue which contains 6 elements. Write a program
which deletes a user specified element in the queue.
How sorting and searching are performed in C Sharp ? Write a program
that can sort elements and apply binary search to find out a user
specified element and remove that from the list.
What is hash table ? How Hashing uses hash table for its processing 7
Suppose the following 7 numbers are inserted into an empty binary
scarch tree T,
50,22, 33, 44, 35, 60,77
Draw the tree T,
Suppose a graph G is input by means of an integer X, representing the
nodes
1, 2,....,X and a list of Y ordered pair of the integers, representing the
edges of G,
Write a procedure for each of the following,
a) X x X adjacency matrix A of the graph G
Where adjacent indicates there resides an edge
Test by using the following data,
A=6Y=10;(1,6), (2, 1) (2 3), (3, 5).(4, 5), (4, 2), (2, 6), (5.
3 (4, 3),(6,4)

APPENDIX-C

PRACTICAL ISSUES

OBJECTIVES:

In this chapter we have shown codes of some programs related to the
algorithms written in different chapters. The programs are written in CH++
programming language. However no program written in C# and JAVA has
been shown in this chapter, as these are already been stated in Appendix A
{JAVA) and Appendix B (CK).

13.1 ARRAY
Find out the summation of diagonal elements of a two dimensional array

The following program is based on the Algorithm 2.6 (see Chapter 2).

Program 1:

# include <sidio h>
# include <conio b=
# define size 3

void main { )
clrser (),
int A[sizc][size], sum = 0;
primtf (“Enter the elements of the armay:\");
for (int i = 0; 1 < size; ++i)
{
for ( int j = 0; j < size; ++)
{
scanf (“%ed”, &ALi)[j])
1

}

for (i = 0; i < size; ++i)
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{

fbr{intj =10; i <size; ++j)
{

(i ==j | (i +j) == (size - n)) sum = sum + A[i][j};
H

i
printf (*“\n\nSummation of diagonal elements: \t%d", sum):
geteh ( ); i
i

Program Output:

Enter the clements of the array: 12 45 56 88 12 45 36 25 84

Summation of diagonal elements: 200

Problem: There are 40 students in a class and 4 class tests for each
student. Find out the average of the best 3 class tests for each student.

This program is written based on Algorithm 2.7 (see Chapier 2).

Program 2:
# include =stdio.h>
¥ include <conio.h>

void main { }
{
clrser( );
int marks[40][4];
float avg_mrk[4];
int sum, min_mrk;

printf (“Enter class test martks:\t");
for (inti = 0; i < 40; ++i)
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{

printf (“Serial No %d: t", i + 1);

for (int j = 0; j < 4; j ++)
{
scanf ("%ed", &marks[i][i])
}

sum = (;

min_mrk = marks [i]{0];

for (j = 0; j < 4; +4j)

{
sum = sum + marks{i][j];
if min_mrk > marks [i][j]) min_mrk = marks[i][j];
}
avg_mrk[i] = float (sum — min_mrk) / 3;
H
printf (“Average marks:\n");
for{i =0; i <4; ++i)
{
printf (“Serial No %d:\", i + 1);
printf (“%.2f \n", avg_mrk{i]);
}
geich ( );
}
Program Output:
Enter class test marks:

Serial No 1: 25122817
Serial No 2: 22251925
Seral No X: 2427260

Average Marks:

Serial No 1: 26.7 :
Serial No 2: 24.0

Serial No 3: 25.7

-19
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13,2 LINKED LIST
13,2.1 Creation of linked list
This program is to create a linear linked list. Here we shall write a program

in C++ following the algorithm 4.1 of chapter four, After the declaration of

the node, here we declare the class and use constructor function 1o create an
empty linked list. In this program we have three functions. First is newnode |
J, which creates a new node. The second function is for making link and
which is named as link ( ). The last one is showdata ( ), which displays the
data of the linked list. In main (), we declare the necessary variables and
call the functions.

Program 3: Code of program to create a linked list
struct node
{
. intdata;
node *next;
L

class linklist
{
node *list, *npr, *pir
public:
lindklist ( )
{
list = NULL,
I
void newnode (int item);
void link ( J;
void showdata ( );
h
void linklist::newnode (int item)
{
nptr = new (node);
nptr—data = item;
npir—+next = NULL;
}

{f Constructor
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void linklist :: link ()

{

if (list = NULL)
{
list = npir;
tptr = nptr;
i

else {
tptr—next = npir;
tptr = nptr;
}

}

void linklist :: showdata ()

{

node *curptr;

curptr = list;

while {curplr != NULL)
{
cout << " " << curptr—sdata:
eurplr = curptr—next;
H

H

int main { )
{
elmser { J;

m nl d';
linklist mylist;
cout << "inHow many nodes you have?\t";
cin == p;
- cout << "\nEnter data for nodes (separated by space)'yt”;
for {int i = 0; i < n; ++i)
{
cin =>d;
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mylist.newnode (d);
mylist.lipk ( );
1

cout << "nData in the list\i";
mylist.showdata ( );

getch ()
retum 0]

}
Frogram outpat:

e

class linklist
{
node *list, *nptr, *tptr;
public:
linklist { )
f
list = NULL;
H
void newnode (int item}),
vaid link { ¥;

How many nodes you have? 5
Enter data for nodes: 23 5665126
Data in the list; 235665126

void showdata ( );
void search {int item);
-

void linklist;;newnode (int item)
{

npir = new (node);
13.2.2 Search a node from a linked list ~nptr—=data = item;
Here we shall wrile a program in C++ following the algorithm 4.2 of chapter nptr—next = NULL;
four. To perform searching we have to create the linked list first. So, we }

shall use here all the functions that are used in program 1. Te perform

searching here, we shall use a function named search ().

Program 4: Code of program for searching a particular node from a

lizked List
#include=sudio.h>
#include<iostream.h>
#include<conio.h>

struct node
{
int data;
node *next;
k

void linklist :: link { )
{

if (list = NULL}
{
list = nipir;
tptr = nptr;
]

else |
tptr—next = nptr;
Tptr = nptr;
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void linklist::search (int item)
{
tptr = list;
while (tptr = NULL)
{
if (tptr—data = = item)
{
cout << "Data found!™:
break;
H
tpir = tptr—next;
if (tptr = = NULL) cout << "Data is not in the list™;
i
H

void linklist :: showdata ( )

{

node *curptr;

cumpir = list;

while (curptr '= NULL)
{
coul <<" "< i;m-p[r....duu:
CUTptr = curptr—snext:
H

}

int main ( )
{
clrser( );
intn, d;

linklist lis;

cout << "inHow many nodes you have?u™:
cin > p;

eoul << "\nEnter data for nodes:\t":
for(inti=0;1<n; ++i)

{

cin >>d;

lis.newnode (d);

lis.bink { J;

!
cout << "\nData in the list:\t";
lis.showdata ( );

int item;

cout << “\n\nEnter the data to be foundy";
cin == item;

cout << *“\nSearch Result™;

lis.search {item);

getch ()
retuwrn 0

}

Program cutput:
How many nodes you have? 5

Enter data for nodes: 231 5665 126
Data in the list: 235665126
Enter the item to be found: &

Search Result:  Data found!




Data Structures Fundamentals 82

IMJde-ptrﬁ:uhpndtfmanlkdlht

This program is according to the algorithm 4.4 of the chapter four. Here
deletion is possible from any part of the list i.e., the first node, the last node
and a node between first node and last node.

Program 5: Code of program for deleting a node from a linked list
#inchude<stdio. h>

#include<iosiream h>

#include<conio.h>

struct node
{
int data;
node *next;
HH
class linklist
{
node l]i'tl "Ilpll', "Pll'.
public:
linklist { 3
{
list = NULL;
!
void newnode (int item);
void link ( );
void showdata ( );
void deletion (int item);
[
void linklist::newnode (int item)
{
nptr = new (node);
npir—+data = jlem;
nplr—next = NULL:
H
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woid linklist = link ()

{

if (list == NULL)
{
list = nptr;
tptr = nptr,
}

else |
tptr—next = nptr;
tptr = nptr;
}

!

void linklist ;: showdata { )

{

node *curplr,

curptr = list;

while (curptr != NULL)
{
cout <<" "<< curptr—data;
curptr = cunptr—next;
i

i

vioid linklist::deletion (int item)
i

node *pptr;
tptr = list;
if {list—+data = item)
i
while (tptr—-data != item)
{
if (tptr = = NULL)
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: cout << "\nltem is not found in the list!":

break;
}
PPIr = tpir;
tpir = tptr—next,
'
ppir—next = tpr—+next;
delete (tptr);
H
else |
list = |I'st—rmt;
delete (tptr);
'
}
int main [ )
{
clrser ( ):
int m, d;
limlclist lis;
cout << "nHow many nodes you have?u":
cin ==
cout << "\nEnter data for nodes:\t":

for (int i = 0; i < n; ++ij)
i
cin == d;
lis.newnode (d);
lis.link { };
'
cout << "\nData in the listt";
lis.showdata { );
char ans;
cout << "in'\nDo you want to delete a node™™:
cin >> ans;

if (ans=="y" || ans =="Y")

{
int x;
coutl << "in\nEnter the node value to be deleted:'t";
cin >> x;
his.deletion (x);
coul << "\n\nData in the list:\";
lis.showdata ( );
i

gewch ()

return 0;

'

Program output:

How many nodes you have?  §
Enter data for nodes: 23 5665 126
Data in the list: 235665126
Enter the node value o be deleted: 65

Updated list: 23 56 126

13.2.4 Arrange data of a linked list

To sort the data of the nodes in a linked list the following funclion can be
effectively used. Here, data is to be soned in ascending order. This program
is based on the principle of algorithm 4.5 of chapter four.

Program 6: Code of program for arranging data of a linked list
#include<stdio.h>

#include<iostream.h>

#include<conio.h>
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struct node
{
int data;
node *next;
5=

class linklist

{

node *list, *nptr, *tptr;

public:

linklist { )
{
list = NULL;
1

void newnode (int item);

void link { );

void showdata ( );

void sort (int item);

3

void linklist::newnode (int item)
{
npir = new (node);
nptr—-data = item;
nptr—next = NULL;
H

void linklist :: link ( )
{
iff (list == NTJLL)
{
list = nptr;
Iptr= mptr;
H
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else i
tpir—next = nptr;
Iptr = npir;
i
i
void linklist :: showdata ( )
{
node *curpir;
curptr = list;
while (curptr != NULL) -
i
cout <<" "<< curptr—data;
curpir = curptr—next;
H
H
void linklist:sort ( )
{
node *ppir, *fpir;
ppir = list;
while (pptr != NULL)
i
fptr = pptr—snext;
while (fpir != NULL)
{
if{]ﬁlph’ —sdlata > fpl:r—-dntl]
{
ffinterchange (pptr—data, fptr—+data)
int temp;
temp = pptr—-data;
ppir—data = fpr—sdata;
fptr—=data = temp;
l

fpir = fptr—next;
H



Data Structures Fundamentals

258

Appendix-C Practical Issues 289

Ppir = pplr—+next;
} "
!
int main ( )
{
clrser { );
int n, d;
linklist lis;
cout << "nHow many nodes you have?'s";
cin >> n;
cout << "\nEnter data for nodes:\t";
for (inti=0; i < n; ++i)
{
cin > d;
lis.newnode (d);
lis.link ( ):
1
cout << "\nData in the list: [before sort]u";
lis.showdata ( ),
lis.sort{ );
cout << "\n\nData in the list [after sort];w";
lis.showdata ( );
getch ()
return O;
t

Program output:

How many nodes you have? 15

Enter data for nodes: 12652 18945651519293254189 3
Daminthelist:  12652189456515192932541893
Do you want to sort the list? Y

Sorted List: 123912 1518 19 203245 54 65 65 89

133 DOUBLE LINKED LIST
13.3.1 Creation of a double linked list
This program is according to the algorithm 4.6 of chapter 4.

Program 7: Program Codes for creating a double linked list
struct node

{

node *back;

int data;

node *next;

-

class linklist

i

node ®list, *nptr, *tptr;

public:

linklist ()
{
list = NULL,;
'

void newnode (int itemn);
void link { );

vioid showdata ( );

k

void linklist::newnode (int item)
1
nptr = new (node);
nptr—hack = NULL,
npir—data = item;
nptr—next = NULL;
I
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void linklist :: link () for (inti=0; i < n; ++i)

{
e NULL) i
f ]m--
L ( cin == d;

; list.newnode (d);

list = nptr; iy

Ipn--t::;- mylist.link ( ¥

g ’
else { cout =< "inData in the list\t™:

tpir—next = nptr; mylist.showdata ( );

nptr—hback = tptr;

tpir = nptr; getch ( );

} return O;
} ]

void linklist :: showdata ( ) Program oulput:
{ i How many nodes vou have? 5
node *curptr,
curptr = list; Enter data for nodes: 236 652 125 653 265
while {curptr != NUL
( o Data in the list: 236 652 125 653 265

{

coot << " ¥ =< curptr—dala;

TWW: SR, 134 STACK
] 12.4.1 Creation of a linked based stack

int main () This algorithm is according 1o the algorithm 5.3 of the chapter five.
{ Program 8: Code of program for creating a linked based stack
elrser ( ); #include<stdio.h>
#include<iostream h=>
int n, d; #include<conio. h>
linklist mylist;
struct node
cout =< "\nHow many nodes yvou have?®; |
cin >> n int data;
node *next;

cout << “\nEnter data for nodes (scparated by space):\t";

Fowronia-20
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class stack : CUpIT = Curplr—next;
{ |
node *top, *newptr; i
public:
stack ( ) { int main { )
{ {
top = NULL, eleser( );
} intd, n;
void newnode (int item); : stack st; .
void push ( ); cout << "\n Enter how many nodes will be added: ",
void show ( ); cin > n;
B cout << "\n Enter data for the nodes with space: ";
vioid stack: newnode (int item) for {int i = Q; i < n; ++i)
{ {
newptr = new node; cin == d;
newptr—dala = item; st.newnode (d);
newptr—next = NULL; st.push ()

! )

<< *\n Data in th i
wvoid stack::push { ) cout << ta in the stack:";

I st.show [ );
; getch ( );
if {top = = NULL) top = newptr;
dis ( retum (;
newplr==next = lop; l
Lop = newpir;
_:p Program output:
} Enter how many nodes will be added: 5
void queue::show () Enter data for the nodes with space: 23 5665126
' Datain the stack: 23 56 65 12 6
node *curptr;
curpir = fptr;

while (curptr != NULL)
{

coul << " << curptr—data;
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13.5 QUEUE i vaid quene::add ( )
13.5.1 Creation of a linked based queue {
This program is coding according to the principle of algorithm 6.3 in chapter if (pptr == NULL)
5ix. |
= newpir;
Program 9: Code of program for creating a linked based quene I;P: SRS
#include<sidio_h> }p s
¥include<iostream.h> X |
#include<conio.h>
rplr—+nexl = newplr;
struct node Tpir = newpir;
i i
int data; I
node® next;
H void queue::show ()
class queuve |
{ node *eurptr;
= fpir;
node *fpir, *mptr, *newpltr; acnh ot
public: R i while {curptr != NULL)
queue () {
| cout<<" " << curpir—data;
fptr = NULL: eurptr = curpir—next;
rpir = NULL; | *
} )
void newnode (int item); b i )
void add (); int main
void delet ( ); |
void show ( ); clrscr ().
’ . intd, n¢
: § ) queue gt
res qucn:t..n:'w Latiinm) coul =< "in Enter how many nodes will be added: *;
newplr = new node; o

eout << "\n Enter data for the nodes with space: *;

newptr—sdata = item; for (inti=0:i<n; ++i)

newptr—next = NULL;
!
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{
cin>>d;
gt.newnode (d);
qtadd ( );
!
cout << "\n Data in the queue:";
qt.show ( )
getch ()
return 0;

t
Program sutput:
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Enter how many nodes will be added: 5
Enter data for the nodes with space: 23 5665 126

Datn in the queue; 235665126

13.6 TREE
13.6.1 Creation of a tree (Binary Search Tree)

This is an example of linked tree as BST in which some nodes will be added
to the tree and display the data using inorder method.

Program 10: Code of program for creating a linked based tree
Hinclude<stdio h>

#include<iostream.h>

Hinclude=conio. >

struct node

{

node® lchild;
int data;
node® rchild;
H

class tree
!
node *parentptr, *lemptr, *newptr,
public:
node * treepir,

tree() Neonstructor;
i treeptr=ULL;
i
void newnode(int item);
void insert();
void inorder{node® curptr);
B

void tree:znewnode(int item)

! {fSeparate function for creation
newptr=new node;  /fof new node
newpltr->ichild=NULL;
newplir->dat@a=itcm;
newptr->rchild=NULL:

|

wvoid treez:insert() // Function for establishing linkage
§ fhetween the existing linkedlist (if any)
ifitreeptr==NULL) /fand new nodec
i

treepir=ncwplr,
!
else
{
templr=treeplr.
while(temptri=NULL)
|  pareniptr=temptr;
if{temptr->data >= newpir->data)
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tempir=temptr->lchild;
else

temptr=tempir->nchild;

if{parentpir->data >= newptr->data)
parcntpir-=lchild=newptr:
else
parentpir->rchild=newpir;

void tree:inorder{node® curptr)
{
iffcurptr'=NULL)
| inorder{curptr->lchild);
coute<" “<<curpir->data;
inorder{curptr->rchild);

main{)

clrser();
int d.n;
tree ir;

cout<<"\n Enter how many nodes will be added: ";

cin==n;

cout=<"n Enter data for the nodes with space: ";
for(int i=0yi<n;~+i)
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i
cin=>>d;
tr.newnode(d);
tr.insertd);

i

coute<"in The data in tree:™;
r.inorder(ir.ireepir);

getchl);

reiumn 0;

13.7 GRAPH

This program is for the depth first traversal of a graph. In this program we
have a class graph (), which creates the graph and three functions. First is
read graph (), which reads the vertices and their adjacent nodes of a graph.
The second and the third functions are dfs (int) and dfs (). The first of these
two, traverses the graph for a single node and the second one traverses the
entire graph, The last function firaverse () displays the data for the depth
First traversal. In main { ), we declare the necessary variables and call the
functions.

Program 11: Code for Depth First Search

#include<iostream.h>

it wisil[100];

class graph

{

private:

int n;

graph*next;

public:

graph® read_graph(graph®);

void dfs(int); //dfs for a single node
void dfs(); /fdfs of the entire graph
void firaverse(graph*};

j*g[100]:
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graph® graph::read_praph{graph*head
I’ N

int x:

graph*last;

head=lasr=NULL;

cout<<"Enter adjecent node ,-1 1o stop:\n™;
cin=>y:

while(x1=-1)

{

graph*NEW:

NEW=new graph;

NEW->n=x:

NEW->next=NU/LL:

if{head==NULL)
head=NEW;

elsc
last->next=NEW;
last=NEW;

cout<<"Enter adjecent node ,-1 to stop:\n®;
Cin=y:

}

retum head;

H

void graph::firaverse(graph*h)
{

while(h!=NULL)

|

mf‘:’:h-}“{'.}“‘;

h=]1--‘-"nl:l;|:

i

cout<<"NULL"<<endl;

}
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void graph::dfs{int x}
-i:wtﬂ-ﬂ"mdc "y s ig vigitedn®;
visit[x]=1; ;
graph *p:
p=glx];
while(p'=NULL}

i

int x1=p->n,
iffwisit]x1]==0})
:-uurﬂ':"fmm node "<y,
dfs(x1);

H

p=p-=nexi

|

H

void graph::dfs()

|

mt i

eout<="Enter the no of nodes ="
cin=>n;

For{i=1;1<=n;i++)

glil=MULL;

for(i=1i<=n,i*++)

{

cout<<"Enter the adjacent nodes to node no, "<<i<<endk;
cou
glij=read_graph(gfil):
]

SRR R R R AR BARE SRS R R,
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/(display the graph

cout<<"\n\nThe entered graph is ;'\n™;
for(i=1;i<=n;i++)

{

colt<<" < "egjeg > ot
firaverselg[i]);

|

for(i=1i<=n;i++)
visit[i}=0; /fmark all nodes as unvisited

cout=<"\nEnter the start veriex ;="
unt start;

Cin>>start;

cout<<"\nThe dfs for the above graph is :\n";
dis(start);

i

int main)

{

graph obj;

ohj.dis{);

retum 0

]
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Sample Input:

Enter the no of nodes : 5

Enter the adjacent nodes to node no. |
Enter adjecent node -1 10 stop

r

Enter adjecent node ,-1 to stop:

§-1

Enter the adjacent nodes 1o node no. 2
Enter adjecent node -1 to stop:

1
Enter adjecent node -1 1o stop:
3
Enter adjecent node -1 to stop:

4

Enter adjecent node -1 1o stop:

5-1

Enter the adjacent nodes to node no. 3
Enter adjecent node -1 to stop:

2

Enter adjecent node -1 1o stop:

4.l

FEnter the adjacent nodes to node no. 4
Enter adjecent node -1 lo stop:

2

Enter adjecent node -1 to stop:

3l

Enter the adjacent nodes to node no. 5
Enter adjecent node -1 to stop:

1

Enter adjecent node -1 10 stop:

2-1

The entered graph is .

< 1>;2->=5->NULL

< 234 ]->3>5-=4> NULL

< 3»ud.>4 >NULL

< 4>+3223=NULL

< §=1->2->NULL

Enter the start veriex: 1
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: |
Sample Output . A
The dfs for the above graph is Ali] = random (1000);
node 1 is visited |

from nodel node 2 is visited
from node? node 3 is visited

from node3 node 4 is visited printf (*\n'nRandom numbers in the armay:\n");
from node? node 5 is visited for (i = 0; i < m, ++i)
|
primaf (“%edie”, Alil);
13.8 SORTING |
Generate random numbers (integers) and sort them using Selection Sort
Method for(i=0; i<n;+H)
This program is written based on the Algorithm 9.3 (see Chapter 9). Here, |
randomize () and random () functions are used to produce random numbers int small_index = i;
upto 999. Neverthless, malloc () is used for allocation memory space in the for (int j = 0; j < n; +4))
primry memory for Armay A, For dynamic memory allocation pointer is uscd 1
in this program. if (ALj] < A[small_index]) small_index = j;
!
Program 12: temp = Al
# include <stdio.h> Ali] = Alsmall_index];
# include <conio.h> A[small_index] = temp;
# include <stdlib.h> . ]
void main () printf (*“nSorte list:\n");
{ for (i=0;i<mn; +i)
clrer { ) {
int n, *A, temp; printf (“Sed\”, Ali])
(]
printf (“Insert how many integers you need:\("); getch();
scanfl (“9ad™, &n); }

A = (int *) malloc (n * sizeof (int})
randomize ( );
for (imt i = 0; i < n; ++)




)

Appendix-C Practical [ssues

Diata Structures Fundamenials 305
void main()
Program Output: |
int 1,found;
- printf(™\nEnter the number of elements:")
Insert how many integers you need: 10

Random numbers in the array:

325 925 104 BE 142 32 E87 113 235 633
Sorted list:

k JJ 1] 104 113 142 235 325 653 847 9325

13.9 SEARCHING

Program 13: Code for searching using Binary Search algorithm
#include<stdio. h>

finclude<conio.h>
int x,no_of_element,element{100};

int binary _searchi)
i
int mid, firse, last;
first=();
last=no_of_elements-1;
while(first<=last)
i
mid=(first+last)/2;
iflx<element[mid])
last=mid-1;
clse iffx=element[mid])
first=rnid+1;
clse return mid;

refurn -1;

scanf("%d",& no_of _element);
printf(\nEnter the clements(sorted list)::");
rnﬂi-ﬂ;i-tm_nf_relcm:ms:i )
scanf{™%d" & element{il); :
printf{"\nEnter the element to be searched in the list:");
scanf("%ed" &x);
found=binary_search{);
ififound==-1)
printfi "\n%sd does not exists in the list"x)
clse _
pramtf{™n%d is element number %ed in the list" x, found+ 1)
geteh();
i

Sample Input: Enter the number of clements:: 10
Enter the elements{sorted list).: -15 -10 512 20 110 114 115 250 290
Enter the clement to be searched in the list: 12

Sample Output: 12 15 element number 4 in the list

13,10 HASHING

Program 14: Chaining Method
#include<iostream.h=
#inchide<conio.h>

#define NULL O

struct node
{

int keyval;
node *next;
b

Fornma=21
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class linklist

{
node *table[10], *npir, *tptr;

public:
linklisi{)
{
for{int i=0:i<10;i++)
izble[i]=NILTLL:
H
void newnode(int item);
void link();
void show();
ki
void linklist::newnode{int item)
{
npir=new node();
nptr->keyval=item;
nptr->next=NULL;
i
void linklist:link()
|
int ind;
ind=nptr->keyval%10;
ifftable]ind]=NULL)
table[ind]=nptr;
clse .
{
tptr=tablefind];
while{tptr-=next!=NLULL)
{
tpir=tpir->=next;
!
tptr->next=nptr,
|
i
void linklist::show()

{
node *cptr;
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for{int i=0;i<10;i++)
|
cptr=table[i];
while({cptr!=NULL)
{
cout<<" "<<epir->keyval:
Cpir=cpir->next;
!
cout<<"\n\n";
H
H
void main()
{
clmsen();
int n,d;
linklsst list:
cout<<"nHow many data:yt";
cins>n;
cout<<"inEnter data for nodes:\t":
for(int i=0;i<n;i++)
i
cin>>d;
list newnode(d):
list.link();
!
cout<<*\nData in the list:\";
list.show{);
getch();
|

Sample Input: How many data: §
Enter data for nodes: 11 12 2inn
Sample Output: Data in the Jist:
1121
1222
i




13.

14,

BIBLIOGRAPHY

Fundamentals of Data structure in C++, E. Horowitz, 5. Sahni, D
Mehta, Galgotia Publication Pvt. Ltd, New Delhi.
The Art of Computer Programming, Volume 1, Fundamental
Algorithms, D.E. Knuth, Addison-Wesley, Publishing Company,
2001.
The An of Computer Programming, Volume 3, Sorting and
Searching, D.E. Knuth, Addison-Wesley, Publishing Company, 2001,
Fundamentals of Computer Algorithms, E. Horowitz, §, Sahni, 5.
Rajasckharan, Galgotia Publishing Pvt. Ltd, New Delhi.
Data Structures, Edward M. Reingold, Wilfred J. Hansen, CBS
Publication & Distributions, 1983.
Theory and Problems of Data Structures, Seymour Lipschutz,
Schaum's Outline Series, McGraw-Hill Book Company, 1986.
Introduction of Algorithms, Thomas H, Cormen, Charles E. Leiserson
and Ronald L. Rivest, Prentice-Hall of India Private Limited, 1993.
Data Structures and Algorithms in Java, Robert Lafore, Techmedia,

2003,
Data Structures and Program Design in C, L. Kruse, Bruce P. Leung,
Claon's L Tendo, Prentice-Hall of India Private Limited, 1999,
Data Structures with Java, John R. Hubbard, Anita Huray, Prentice-
Hall of India Private Limited, 20035.
Data Structures using C and C++, Yedidyah Langsam, Moshe J.
Augenstein, Aaron M. Tenenbaum, Prentice-Hall of India Privaic
Limited, 2006.
Data Structure and Program Design, Roberi L, Kruse, Prentice-Hall of
India Private Limited, 2005,
Data Structures and Algorithms in Java, Michel T. Goodgrich,
Roberto Tamassia, John Wilcy and Sons, Inc. 1998,
Data Structures and Algorithms using C#, Michacl McMillan,
Cambridge University Press, 2007.

INDEX

A
Accessing (Amay elements)
Add element to stack
Add in queue element
Add node to BET
Add node to link list
Addition {armay based queue)
Addition (Link based Queue)
Adjacency matrix
Algorithm .
Analysis of Merge shori
Analysis of Quick sort
Application of stack
Arithmetic expression
Arrange linked list using C++
Array
Armay based queue
Array based stack
Armay in C++
Array in Java
Armaylist in C#
Armay-Memaory Representation
Armays in CH
B
BFS algorithm
Binary Search Tree (BST)

" Binary Searching

Binary Searching in C#
Binary Tree

Bit Amay in C#

Breadth First Search (BFS)
Bubble Sort

Bubble sort complexity
Bubble Sort in C#

c

CH {C-Shnrp}

Chaining Method

189

82
104

B2

138

160
165

73
285

82

7
188
230
15

222

128
102

147
251
o5
228
126
155
157

222
181




Data Structures Fundamentals

Checking validity
Circular Linked List
Circular Queuc in Java
Class of internal sorting
Column-major
Complete binary tree
Complexity
Complexity of bubble
Complexity of insertion sort
Complexity of selection sort
Connected graph
Converting an infix
Create a circular linked list
Creaie a linked based queus
Create 2 linked list
Create a new node
Create a stack
Create circular linked list
Create doubly linked list
Create linked list
Creating a Doubly Linked List node
Cycle
D
Data item
Data Structure
Delete a node from BST
Delete element for stack
Deletion a particular node
Delete node form link list
Delete node from Doubly link list.
Delete node from linked list using C++
Deleting a Mode in Java
Deleting maximum from a max-heap
Deletion (array based queue)
Deletion (Link based Queue)
Dieletion of a node
Depth First Search (DFS)
DF5 ithm
mﬂ‘lljgnnurm beetween amay amd Iﬁﬂﬂjﬁil
Difference between array and record
Directed graph

58
194

150
15,17

157
154
152
122
T4

BB
33
33

47

47
122

24
105
68
43
91
53

213
110

a1
43, 53
128

130

121

Index 313
Division Method 173
Double Hashing Method 178
Double linked list using C++
Doubly Linked Lisi 3-:9
gmwlmcks of armay implementation ES
Efficiency of binary tree 217
Elementary data item 1
Evaluating a postfix 77
Even number 11

:_xtenui Sorting 150, 167
Folding Methods 174

Full binary trec 98

G

Garbage collection 38

Graph 121

Graph in CH 267
Graph in C++

Graph Traversal f.'s;:

H

Hash Collision 175

Hash Funection 173

Hash table 173

Hash table creation algorithm 176, 180, 1

- » i 1

Hash table retrieval algorithm 177, 179, 181
Hashing 172
Hashing in C# 241
Hashing in C++ 307

Heap 107
Heap Creation 108
Heap son

I
Importance of data structure

Infix arithmetic expression to its postfix form

112

3
74



Data Structures Fundamentals

34

In-order traversal

[nsert a node i
Inzernt Element
Insert node

Inserting a Node in Java

Inserting a node into a doubly linked list

Insertion Son
Insertion Sort in C#
Internal Sorting
Intemal sorting classes
]

Jagged Armay in C#
Java

K

Kruskal's algorithm

L

Linear armay

Linear linked list
Lincar Probing Method
Linear Searching

Link based Queue
Link based stack

Link list Class

Link list efficiency
Linked list

Linked List in C#
Linked list in C++
Linked list in Java
Locate a nodé
Location of an element
Linear search complexity
M

Matrix

Maximum cost spanning tree
Merge Sori

Merge sorl analysis
Merge Sort in C#
Merge two amays
Mid-sequence method

100, 211
39, 49
12
39,41
210

49

152
248
150
150

188
134

10, 11

174

Index

313

Mid-square Method
Minimum cosl spanning iree
Multi Dimensional Armay in C#

N

Mode class in Java

Wode Creation

Wode Declaration

Wode Deletion

Mode Insertion

MNode Searching

O

Odd number ;
Ome Dimensional Amay
One Dimensional Armmay in C#
Operations on data structure
P

Pareni-Child Relationship
Path

Pointers
Pointers in C#
Pop

Pop Operation {Array based stack)
Pop operation (Link based stack)
Posi fix expression

Post-order Traversal

Practical issues

Pre-order Traversal

Prim's algorithm

Principle

Prionty Queue

Program

Push

Push Operation

Q

Quadratic Probing Method

Queue
Queue in CH

Queue in CH

174
131
225

205
i3
32
43
39
3R

11
7

122
2

o6

121,
31,47,69,88,181

.k |

65
68

T2

7

101
m
98,212
131

]

115
2,5

65
6, T1

177
81
238
104



Data Structures Fundamentals 16
Queue in Java 194
Quick Sort 162
Quick sort algorithm 164
Quick sort analysis 165
Quick Sort in C# 245
R
Random probing Method 178
Record 24,2529
Recursion in Java 203 1
Recursion: Finding Factorials in Java 203
Rehashing Method 180
Retrieve value B, 15
Row-major 15,17
5
Search element 10
Search largest element 9
Search linked list 38
Searching 145
Searching a BST 103
Searching for a Mode in Java 209
Searching in C# 251
Searching in C++ 306
Searching Linkedlist using C++ 278
Searching node value in BST 103
Selection Sort 151
Setin C# 252
Simple Linked List in Java 199
Single source shortest paths problem 136
Sorted List in C# 249
Sorting 150
Sorting in C# 242
Serting in C++ 304
Space complexity 4
Space complexity 4
Spanning tree 131
spanning sub-graph 131

17

Index

Stack 65
Stack applications 73
Stack array based i
Stack in C++ 291
stack-link based 1]
Stacks in CH 235
Stacks in Java 191
Store element B, 15
T
The Wode Class in Java 205
Time complexity 4
Traversal (Binary Tree) S8
Traversing the Tree in Java 211
Tree 94
Tree implementation 93
Tree in C++ 296
TreeApp Class 206
Trees in C# 256
Two Dimensional Armay 13
Two Dimensional Array in C# 223
Two dimensional armay representation 15
u

Undirected graph 121
W

Weighted graph 121
Wrapping around 195
X

XOR linked list 55



	Table Of Contents

	Chapter 1 Background

	Chapter 2 Array

	Chapter 3 �Record
	Chapter 4         
 Linked List 
	Chapter 5  
Stack
	Chapter 6 
 Queue 
	Chapter 7 Tree

	Chapter 8 Graph

	Chapter 9  Searching and So
rting 
	Chapter 10 Hashing

	Appendix-A Data Structures in JAVA

	Appendix-B  Data Structure in C SHARP (C#
)
	Appendix-C  Practical Issues

	Index




