INTRODUCTION TO SORTING

Sorting means arranging the elements of an array so that they are placed in some relevant order
which may be cither aseending or descending That is, 1 A 1s an array. then the elements of A are

arranged in a sorted order (ascending order) in such a way that A [0] < A [1) < A [2] < <A[N]

For example, ! we have an array that 1s declared and initialized as

I

mtA ] =121 34011910220,
hen the sorted arrav (ascending order) can be given as:
A]=10. 1.9 11210220344,

A sorting algornhm s defined as an aigorithm that puts the elements of a list in a certain order.
which can be erther numer:cal order. lexicographical order. or any user-defined order.

Following are some of the examples of sorting in real-life scenarios -

& Telephone Directory — The telephone directory stores the telephone numbers of people

sorted by their names. so that the names can be searched easily

& Dictionary - The d:ctionany stores words in an alphabetical order so that searching ot any

word becomes easy

For example, suppose we have a record of employee It has following data

Lmpiovee No.
Employee Name
:mplovee Salary
Department Name

Here emplovee no can be takes as kev for sorting the records 1n ascending or descending order
Now. we have o search ar Empiovee with employee no. | 6. s0 we don't require to search the

N ey st e e g gy = . . it e H oy M
compiete record simply we can sewrch between the Employees with empiovee no 100 to 120

Sorting Techniques:

i algorithi s better than the other have been Sorting

e two man orteria 10 jucge wind
weehrigae depends on the s tuatior: Jt depends on two parameters

iy me taken for exectition 0 program

- Ivecanon nme of progrom that mean
,
= Space tar means space *sken by the program
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Sorting techniques are differentiated by their efficiency and space requirements.

There are two types of sorting:

< Internal sorting which deals with sorting the data stored in the computer’s
memory.

< External sorting which deals with sorting the data stored in files. External
sorting is applied when there is voluminous data that cannot be stored in the
memory.

Practical Considerations for Internal Sorting:

When analyzing the performance of ditferent sorting algorithms, the practical considerations
would be the following.

o Number of sort key comparisons that wiil be performed

e Number of times the records n the hist will be moved

e Best case per!ormance

e Worst case performance

e Average casc performance

o Stability of thy sorting algorithm where stahility means that equivalent elements or records

e retamn their reiative positions even after sorting 1s done

Different Sorting Algorithms:

There are many ¢:!fe-ent techniques available for sorting. differentiated by their efficiency and
space reguirements | ollowing are some sorting techniques which we will be covered:

Bubble Sort
Insertion Sor
elecuion So:s
Sheil Sen
Quick Sont
Merge Sort
Heap Sor

£ WO 1Y =
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1. BUBBLE SORT:

Bubbie sort is a veny simple method that sorts the array elements by repeatedly moving the largest
clement to the hiehost mdex position of the array segment (in case of arrangmg elerents
ascending ordery Ir bhubble soring. consecutive adjacent pairs of elements i the eray are

compared with cacither 1fthe element at the lower index s greater than the element at the highes

index. the two eleme s are mterchanged so that the element s placed before the digger one 1o

process will continue G the Bist o unsorted elements exhausts
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This procedure of sorting 1s called bubble sorting because elements “bubble’ to the top of the hst

Note: The end of'the first pass. the largest clement in the hist will be placed at its proper position
(1.¢ . at the end of the hst).

Technique:

The basic methodology of the working of bubble sort is given as follows:

(@) InPass 1. A [0] and A {1] are compared. then A [1] 1s compared with A [2]. A [2] 1s compafcd
with A [3]. and sc on Finally. A[N-2]is compared with A[N—1]_ Pass | involves n—1 comparison
and places the biggest element at the highest index of the array

(b)In Pass 2. A [0] and A |1] are compared. then A 1] i1s compared with A [2], A[2] is compared
with A[3]. and so on. Finally, A[N-3] is compared with A[N=2] Pass 2 involves n—2 comparisons
and places the second biggest element at the second highest index of the array.

(c) In Pass 3. A [0] and A [1] are compared. then A[l] 1s compared with A[2], A[2] is compared
with A[3]. and so on. Finally. A|N—4] i1s compared with A[N-3] Pass 3 involves n—3 comparisons
and places the third biggest element at the third highest index o! the array.

(d) In Pass n—1. A[0] and A[1] are compared so that A[0]<A[1] After this step, all the elements
of the array are arranged in ascending order. '

Example: let us consider an array A]] that has the following elements:

A 1] = {30.52.29.87. 63.27. 19. 54!

Pass 1:

{a) Compare 3C and S2. Since 30 < 52, no swapping is done.

{b) Compare 57 and 29. Since > 29, swapping is done.
30, 29, 52, 87, 63, 27, 19, 54 '

{(c) Compare 52 and 87. Since 52 < 87, no s=wapping is done.

(d) Compare 87 and 63. Since 87 > 63, swapping is done.
30, 29, 5z, 63, 87, 27, 19, 54

{(e) Compare 87 and 27. Since 87 > 27, swapping is done.
30, 29, 5, 63, 27, 87, 19, 54

(f) Compare B7 and 19. Since 37 » 19, swapping is done.
30, 29, 5z, 63, 27, 19, 87, 54

(g) Compare 87 and 94. Since B7 > 54, swapping
30, 29, 57, 63, 27, 19, 54, 87

v
N

done.

[
w

Observe that after the end of the first pass. the largest element is placed at the highest
mdex of the array. All the other elements are still unsorted.
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Pass 2:
(a) Compare 30 and 29. Since 30 > 29, swapping is done.
29, 30, 52, 63, 27, 19, 54, 87
(b) Compare 30 and 52. Since 30 < 52, no swapping is done.
{c) Compare 52 and 63. Since 52 < 63, no swapping is done.
(d) Compare 63 and 27. Since 63 > 27, swapping is done.
29, 30, 52, 27, €3, 19, 54, 87

(e) Compare 63 and 19. Since 63 > 19, swapping is done.

29, 30, 52, 27, 19, €3, 54, 87
(f) Compare 63 and S4. Since 63 > 54, swapping is done.
29, 30, S2, 27, 19, 54, 63, 87

Observe that after the end of the second pass. the second largest element is placed at
the second highest index of the array. All the other elements are still unsorted.

Pass 3:

(a) Compare 29 and 30. Since 29 < 30, no swapping is done.

{(b) Compare 30 and 52. Since 30 < 52, no swapping is done.

{c) Compare 52 and 27. Since 52 > 27, swapping is done.
29, 30, 27, 52, 19, 54, 63, 87

(d) Compare 52 and 19. Since 52 > 19, swapping 1is done.
29, 3¢, 27, 19, 52, 54, 63, 87

(e) Compare 52 and 54. Since 52 < 54, no swapping is done.

Obsen ¢ that after the end of the third pass. the third largest element is placed at the
third highest index of the array. All the other clements are still unsorted.

Pass 4:
(a) Compare 29 and 30. Since 29 < 30, no swapping 1is done.
(b) Compare 30 and 27. Since 30 > 27, swapping 1is done.
29, 27, 30, 19, 52, 54, 63, 87
(c) Compare 30 and 19. Since 30 > 19, swapping 1s done.
29, 27, 19, 30, 52, 54, 63, 87
(d) Corpare 30 and 52. Since 30 < 52, no swapping is done.

Obsenve that after the end of the fourth pass. the fourth largest clement is placed at
the fourth highest index of the array. All the other clements are stil) unsorted.
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Pass S:
{a) Compare 29 and 27. Since 29 > 27, swapping is done.

27, 29, 19, 30, S2, S4, 63, 87

{b) Comrpare 29 and 19. Since 29 > 19, swapping is done.
27, 1%, 29, 30, 52, 54, 63, 87

(¢) Compare 29 and 30. Since 29 < 30, no swapping is done.

Observe that afier the end of the fifth pass. the fifth largest element is placed at the
fifth highest index of the array. All the other elements are still unsorted.
Pass 6:
(a) Compare 27 and 19. Since 27 > 19, swapping is done.

19, 27, 29, 30, 52, 54, 63, 87
{b) Compare 27 and 29. Since 27 < 29, no swapping is done.

Observe that after the end of the sixth pass, the sixth Jargest element is placed at the
sixth largest index of the array. All the other elements are still unsorted.

Pass 7:
{a) Compare 19 and 27. Since 19 < 27, no swapping is done.

Observe that the entire listis sorted now.

Algorithm for bubble sort:

BUBBLE_SORT(A, N)

Step 1: Repeat Step 2 For 1 - 0 to N-1
Step 2: Repeat For J = 0 to N - I
Step 3: IF A[3] > &[] + 1)
SWAP A[]] and A[J+1]
[END OF INNER LOOP]
[END OF OUTER LOOP]

Step 4: EXIT

Complexity of Bubble Sort:

Wors: Case Time Complexity | Big-O] On?)
Best Case Time Complexnty [Big-omege’ €2(n). 1ty when the hist s already soned

Average Iime Complexity [ Big-theta] € (n)
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Programming Example

Q1 Write a program 10 enter n numbers in an array. Display the array with elements being sorted
in ascending order.

Source Code:

#include <stdio.h>
#include <conio.h>
int main{()

{
int i, n, temp, j, arr[10];
clrser();
printf(“\n Enter the number of elements in the array : ");
scanf("%d", &n);
printf("\n Enter the elements: ");
Ffor(i=0;i<n;i++)
{
scanf("%d", &arr [i});
}
for(i=0;i<n;i++)
for(3=0; j¢n-i-1;j++)
if(arr[j] > arr[j+1])
{
temp = arr[j];
arr[j] = arr[j+1];
arr{j+1] = temp;
}
}
printf("\n The array sorted in ascending order is An");
for(i=0;i<n;i++) .
printf("%d\t", arr{i]);
getch();
return 0;
}
Output:

Enter the number of clements in the array : 10

Enter the elements : 8 9 6 7 5 4 2 3 1 10
The array sorted in ascending order is :

1 2 3 4 S 6 7 8 9 10

2. INSERTION SORT:
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Insertion sort 1s a very simple sorting algorithm in which the sorted array (or hst) i1s built one
element ata ime. We all are famihar with this technique of sorting. as we usually use 1t for ordering

a deck of cards while playing bridge

The main idea behind msertion sort s that it inserts cach item into its proper place in the final list

Insertion sort 1s less efficient as compared to other more advanced algorithms such as quick sort.

heap sort. and merge sort

Technique: Insertion sort works as follows

» The array of vaiues to be sorted 1s divided into two sets. One that stores sorted values and
another that contains unsorted values.
The sorting algorithm will proceed until there are elements in the unsorted set

Suppose there are n elements in the array Initially, the element with index 0 1s in the sorted

set. Rest of the elements are in the unsorted set.
» The first element of the unsorted partition has array index I.
During each iteration of the algorithm. the first element in the unsorted set s picked up and

inserted nto the correct position 1n the sorted set.

v

Example: Consider an array of integers given below. We will sort the values n the array using

nsertion sorn

(39] a [as]e: 1o 81]108] 54 72 36 |

Solution:

309 [as 5318 81[108[58] 7236

39943631881108547236§9_39455318811£8547236‘
L00i is the orly element in sortec LIsT {Pass 1}

[0 39145 63| 1881|108 54 | 72| 36 "9 [39[4s |63 18| 81|18|54 (723
{Pass 2} {Pass 3)

o T18 39| < [63] 81 |108] 58| 72|36 | | @ |18 3¢ |45 |63 | 81]18] 54 | 2 [ 3%
L {Pass 4} . {Pass §;

v [1s 394z [63 61 108[sa[72]36] [ o [1s[30]ss [sa ]3]0 )208 72| %

D018 39045 |54[63| 728110836 | 9 |18[3639]45|54 537281 |18
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Initially. A [0] is the only element in the sorted set In Pass 1. A [1] will be placed either before
or after A [0]. so that the array A 15 sorted In Pass 2. A [2] will be placed either before A [0]. in
between A [0] and A [1]. or afier A [1] In Pass 3. A [3] will be placed in its proper piace. In Pass
N-1. A[N=1] will be piaced in 1ts proper piace to keep the array sorted. ’

Algorithm for insertion sort:

INSERTION-SORT (ARR, N)

Step 1: Repeat Steps 2 to 5 for K =1 toN -1

Step 2: SET TEMP = ARR[K]
Step 3: SET J =K -1
Step 4: Repeat while TEMP <= ARR[]]
SET ARR[J + 1] = ARR[J]
SET J =3 -1
[END OF INNER LOOP)
Step 5: SET ARR[] + 1] = TEMP

[END OF LOOP]
Step 6: EXIT

Complexity of the Insertion Sort Algorithm:
Worst Case Time Complexity | Big-O] O(n°)
Best Case Time Complexity |Big-omegal: Q(n).

Average Time Complexity {Big-theta] © ().

Advantages:
< The advantages of this soriing aigorithm are as foilows.

It 1s easy to :mplement and efficient to use on smail sets of data.

It can be efficiently mplemented on data sets that are already substanually sortec
It performs detter than aigonithms Like selection sont and bubble sort. Insertion sert
algorithm s simpler than sheii sort

o
hS

o )
L

L4

it requires less memory space
Programming Example

Q2. Write @ program 1o sort an array using insertion sor algorithm.

Sburce Code:
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#include <stdio.h>

#include <conio.h>

#define size 5

void insertion_sort(int arr(i, int n);
void main() ' :

r

1
int arr(size}, 1, n;
printf(“\n Enter the number of elements in the array: ");
scanf("%d", &n);
"y

printf("\n Enter the clements of the array:
for{i=0;i<n;i++)

{
}

insertion_sort(arr, n);
printf("\n The sorted array is: \n");

for(i=0;i<n;i++)
printf(" %¥d\t", arr[i]);
getch{();

scanf("%d", &arr{i});

void insertion_sort(int arr[], int n)

f

1
int i, j, temp;
For(i=1;i<n;i++)
{
temp = arr(i];
j=1-1;
while((temp < arr[)]) 8& (j»=0))
{
arr[j+1] = arc(j];
37
arr[j+l1] = temp,;
. }
Output

Enter the number of elements in the array : 5
Enter the elements of the array : 300 1 5€ 23 75

The sorted array is :
1 23 20 76 00 S g 9 10 ) B

| ~4

3. SELECTION SORT:

Seiection sort is conceptually the sumpiest soriing aigonthm Selwction sort is a simpie sorung
aleorithm which finds the smalies: clement  the array and exchanges it with the element in the
first postton. Then finds the second smuailest element and exchanges 10 with the element 1 the
second position and continues uniil the entire array s sorted.

11 s calicd selection sort because 1 repeatedy selects the next-smalies: clement and swaps it mto

the right place

Technique: Consider an arrov ARR with Noelements: Selection sort woras s follows

S—
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First find the smaliest value in the array and place it in the first position. Then. find the second

smallest value i the array and place it in the second position Repeat this procedure until the
entire array 1s sorted. Theretore,

» InPass | 1ind the position POS of the smallest value 1n the array and then swap ARR[POS]
and ARR|0]. Thus, ARR[0] 1s sorted.

» In Pass 2. tind the position POS of the simallest value in sub-array of N-1 elements. Swap
ARR[POS] with ARR[1]. Now. ARR[0] and ARR[1] 1s sorted

» In Pass N-1. tind the position POS of the smaller of the elements ARR[N-2] and ARR[N-
1]. Swap ARR[POS] and ARR[N-2] so that ARR[0]. ARR[1]. .. ARR[N=-1] is sorted.

Example: Sort the array given below using selection sort

¥ 009 81 &5 Wy 18

PASS  POS  ARR[O] ARR1] ARR[2] ARR[3] ARR(a) ARR[S] ARR[] ARR[?] =
1 1 9 39 8t & w27 18

2 7 9 18 8l 45 90 YRR 39

3 3 9 18 27 45 90 81 7 39

4 R Y 39 90 81 4

5 7 9 18 )7 39 5 81 N 90

6 6 9 18 W 39 8 no 8l 0
7% 18 ? 39 5 7 1 %

Algorithm for Selection Sort:

SMALLEST (ARR, K, N, POS) SELECTION SORT(ARR, N)
Step 1: [INITIALIZE] SET SMALL = ARR[K] Step 1: Repeat Steps 2 and 3 for K =1
Step 2: [INITIALIZE] SET POS = K to N-1
Step 3: Repeat for 1 = K+l to N-1 Step 21 CALL SMALLEST(ARR, ¥, N, P0S)
IF SMALL > ARR[]) Step 31 SWAP A[K] with ARR[POS]
SET SMALL = ARR[3] (END OF L0OP)
SET POS = ) Step 4: EXIT

(END OF TIF]
‘ [END OF LOOP]
Step 4: RETURN POS
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Advantages of Selection Sort:

# ltis simple and easy to implement
# It can be used for small data sets
7 118 60 per cent more efficient than bubble sort

Complexity of Selection Sort:

Worst Case Time Complexity [ Big-O] O(n?)
Best Case Time Complexity [ Big-omega] €(n’)
Average Time Complexity [ Big-theta] (n?)

Programming Example:

Q3. Write a program to sort an array using selection sort algorithm.

Source Code:

#tinclude <stdio.h>
#include <stdlib.h>

#include <conio.h>

int smallest (int arr [], int k, int n);
void selection_sort {int arr [], int n);
void main ()

{

intarr [10),1, n;

oy,

printf {"\n Enter the number of elements in the array: "}
scanf {"%d", &n);
printf ("\n Inter the elements of the array: “j;
for (i=0; i<n; i++)
i
Scant {"%c", &arrlil);
}
selection_sort {arr, n);
printf {("\n Tne sorted array is: \n");
for (i=0; i<n; i=+)

printf (" %d\t", arr:}};
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int smallest (int arr [}, int k, int n)
{
Nt pos = k, small=arrik), i;
for {i=k+1; icn; i++)
{
if(arrfi)< small)
{
small = arrli},

pos = i;

}

return pos,;

}

void selection_sort (int arr (], int n)
{
int k, pos, temp,;
for (k=0; k<n; k++)
{
pos = smallest {arr, k, n};
temp = arrfk];
arr[k] = arr[pos);
arr{pos] = temp;

}

—~——

Qutput:

Enter the numbper of elements in the array: 5

m

nter the elements of the array: 8

5

8y: Annimanu_Yadav@CAB_College 0
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The sorted arrayis: 2 6 8 12 50.

4. SHELL SORT:

Shell sort. invented by Donald Shell in 1959, is a sorting algorithm that is a generalization of
insertion sort. While discussing insertion sort. we have observed two things:

» First.inseruion sort works well when the input data 1s "almost sorted’.
» Second. msertion sort 1s quite nefficient to use as it moves the values just one position at
a
time.
Shell sort 1s considered an improvement over insertion sort as it compares elements separated by
a gap of several positions. This enables the element to take bigger sieps towards its expected
pesiuon
In Shell sort. elements are sorted 1n multuple passes and 1n each pass, data are taken with smaller
and smalier gap sizes However, the last step of shell sort 1s a plamn insertion sort. But by the time
we reach the last step. the elements are already “almost sorted™. and hence it provides good

performance.

Technique:
To visualize the way m which sheli sort works. perform the foliowing sieps

~ Siep ! Arrange the elements of the array i the form of a table and sort the columns (using

imnserton sort ).
~ Step2 Repeat Step 1. each tme with smaller number of fonger columns in sucihr a way that
at the end. there s only one column o data 10 be sorted.

Example: Sort the elements given below using shell sort.

63.19.7.90. 81, 36.34.45.72.27.22.9.41. 59. 33
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Solution

Armange the elements of the airay i the form of a table and sort the columns.

Resulr:
63 19 7 9 81 3% 54 45 63 19 7 9 41 3 33 45
77 07 0 9 4 59 N N 2 % 81 59 54

The elements of the amay can be given as:}
63, 19, 7, 9, 41, 3, 33, 45, 72, 27, 22, 9%, 8, 59, S4
Repeat Step | with smaller number of long colunus.

Resuir
63 19 7 9 4 22 19 7 9 2
¥ B S NN W 3% 33 45 59 41
22 9 81 59 54 63 90 81 72 54

The elements of the amray can be given as.
2,19, 7,8, 27, 3%, 33, 45, 59, 41, 63, 96, 8L, 72, 54
Repeat Step 1 with smaller number of long columus.

Resuir
2 19 7 9 19 7
9 27 3 | 2 27 3%
33 45 59 33 45 54
yd
41 63 90 4 63 59
81 72 4 81 72 90

The elements of the array can be given as:
9, 19, 7, 2, 27, 3%, 33, 45, S4, 41, 83, 59, 81, 72, %
Fiallv. armange the elements of the aray m a smgle colunm and sort the colunu.
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Resiilt

9 7

19 9

7 19
22 22
27 27
36 33
33 3%
a5 41
54 a5
a1 54
63 59
59 63
81 72
72 81
90 Eit

Finallv. the elements of the array can be grven as:
7, 9, 19, 22, 27, 33, 36, 41, 45, 54, 59, 62, 72, 81, 90

Algorithm for shell sort:

Shel! Sort (Arr. n)

Step 1: SET FLLAG = 1. GAP_SIZE =N

Step 2: Repeat Sieps 3 10 6 while FLLAG =1 OR GAP SIZE > 1

Step 3: SETTFLAG =0

Step 4: SET GAP SIZ1 = (GAP_SI/Z1 1), 2

Step 5: Repeat Step 6 for 1 = 0o 1< (N - GAP SIZL)
Step 6: 1 Arr |} + GAP_SIZL] = Arrll]

SWAP Arr [+ GAP_SIZ1] Arrll]
SETFLAG =0
Step 7: 1ND

3y: Abnimanu_Yadav@CAB_Colege
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Programming Example

Q4. Write a program to implement shell sort algorithm.

Source Code:

#include<stdio. by
void main{)

{

By: Abnimanu_Yadav@CAB_College

int arr[10])={-1};
int 1, 3, n, flag = 1, gap_size, temp;

printf("\n Enter the number of elements in the array: ");

scanf("%d", &n);

printf("\n Enter ¥d numbers: ",n); // n was added
for(i=0;1i¢n;i++)

scanf("%d", &arr[i});

gap_size = n;

while{flag == 1 || gap_size » 1)

{
flag =
gap_size = (gap_size + 1) / 2;
for(i=0; i< (n - gap_size); 1++)
{ if( arr[i+gap_size] < arr[i])
{
temp = arr[i+gap_size];
arr[i+gap_size] = arr[i];
are[1] = temp,
flag = 9,
}
}
}

printf("\n The sorted array is: \n"};
for(i=6;1¢n;i++){
printf(" ¥d\t", arr[i]);




Output:

Enter the number of elements in the array: 5
£nter the elements of the array: 8
6

s

YAl
O~

2
The sorted arrayis: 2 6 8 12 50.

5. QUICK SORT:

Quick sort is a fast sorting algonthm used to sort a list of elements. Quick sort algorithm is invented
bv C A R Hoare.

The quick sort algorithm attempts to separate the list of elements nto two parts and then sort each
part recursively That means 1t use divide and conquer strategy In quick sort. the partition of the
list 1s performed based on the element called pivot. Here pivot element is one of the elements in
the [ist

The 15t s divided into two partitions such that "all elenients 10 the lefi of pivot are smaller than

the pivol and all elements to the right of pivot are greater than or equal 10 the pivor”. Quick son
1s also Anown as partition exchange sort.

The guick sort algorithm works as follows:

; Seiect an element pivot from the array elements

2 Reamange the elements in the array in such a way that all elements that are less than the
~ivo: appear before the pivot and ail elements greater than the pivot element come after 1t
tegual values can go either way) Afler such a partitioning. the pivot is placed in 1ts final
nosizion. This is called the partition operation

3 Recursively sort the two sub-arravs thus obiained (One with sub-list of values smaller than

{
that of the pivot element and (e other having hiugher value elements )

I.:he merge sort the base case of the recursion occurs when the array has zero or one element
because oo that case the array 1s already sorted. Afier cach iteranon. one element (pivot) 1s always
1 ots Ceal postion. Hence, with eveny steration. there s one less element to he sorted m the array

Thus, the mam task s 10 ind the piver element. which will partiion the array o two halves
Technique:
Quick sort works as follows

Seithe ndex of the irst element iy the array o foc and left vanables Aol set the index
of e last element of the array 1o the right varighle

Phatss loe =0 jeft = Goand ght - n § (where nm the number of clements m the array)
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2 Stan from the element pomnted by night and scan the array from night to lefl. comparing

cach element on the way with the element pointed by the variable loc

Thatis. ajioc] should be less than a[night].

a) If'thatis the case. then simply continue comparing until right becomes equal
10 loc. Once right = loc. it means the pivot has been placed 1n 1ts correct
position.

b) However. it at any point. we have afloc! > a[right]. then interchange the
two values and jump to Step 3

¢) Setloc =nght.

3 Start from the element pointed by left and scan the array trom left 1o nght, comparing cach
element on the way with the element pointed by loc

That is. ajloc] should be greater than a[left].

a) If that is the case, then simply continue comparning until lett becomes equal
10 loc. Once left = loc, it means the pivot has been placed in its correct
position.

b) However. if at any point. we have a[loc] < afieft]. then interchange the two
values and jump to Step 2

¢) Set loc = left.

Example: Sort the elements given 1n the following array using guick sort algonthm

Ln]lolaéllllnt_ﬁ__]

-—_——

Scan trorr nght 1o left. Since a[ loc)
<a[rignt] cecreasc the value of rigre

) —
We choose the first clement as the pivot.
Scl loc = 0. left -0, and right = S.

|
|
! |
27]10]36{18J25]45J!__>§.Fz7 10 % | 18 | 25 | 45 |
| |
i !

loc right loc right
lefr 1ot
v
1 [ Qurn ot 1 ot iaoen -
'Start scanning from left to right. Since a[ loc ) | Since afle. ] a[rignt], nterchange
> 3l left]. increment the value of 1eft. ‘ the two vaiues and set loc - rignt.
} 1 : ] - PR T |
o] [ ] Tas | @ = 35._1{__—""“1271“5;
‘ left rignt 5 b lefr rignt
L dee ] L e
v
. B — S — : -
Since s[loc] « a[left]. nterchange ! Scan trom nght te teft Since af loc]
the values and set loc - lett i calrigat] Zcorement the value of rignt
T T " . : 1 i r - - .
T T [ Ja8 e[ 8 o T w27 |1 | % |
le‘t rig-t ot rignt
lec 1
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| Start scanning from left to right. Since ]oc]i

Since alloc) > a|right]. interchange )
»alleft] increment the value of 1a7t

the two values and set loc - right. ; i

> s 1o ] 18 | a7 |36 | a5 | T L2s [ 10 ] 18] 27 [36 [ as | |
rignt ’

|

left right
loc loc
— left
Now left = loc. so the procedure termnates, as the pivot element (the first element of the array.

that 1s. 27) s placed i 1ts correct posttion. All the elements smaller than 27 are placed betore 1t
and those greater than 27 are placed afler it

The fefl sub-arrav containing 235, 10, {8 and the right sub-arrav containing 36 and 435 are sorted in

the same manner.
Algorithm for Quick Sort:
PARTITION (ARR. BEG. END)

Step 1: [INITIALIZE] SET LEFT = BEG, RIGHT = END, LOC = BEG, FLAG = 0
Step 2: Repeat Steps 3 to 6 while FLAG = 0
Step 3: Repeat while ARR[LOC] <= ARR[RIGHT] AND LOC !'= RIGHT
SET RIGHT = RIGHT - 1
[END OF LOOP]
Step 4: IF LOC = RIGHT
SET FLAG = 1
ELSE IF ARR[LOC] > ARR[RIGHT]
SWAP ARR[LOC] with ARR[RIGHT]
SET LOC = RIGHT
[END OF IF]
Step 5: IF FLAG = 0
Repeat wnile ARR[LOC] >= ARR[LEFT] AND LOC '= LEFT
SET LEFT = LEFT + 1
(END OF LOOP]
tep ¢: IF 1OC = LEFT
SeET FLAG =1
ELSE IF ARR{LOC] < ARR[LEFT]
SWAP ARR[LOC] with ARR[LEFT]
SET LOC = LEFT
[END OF 1F]
[END OF IF)
Step /: [END OF LOOP)
Step =: FND

N

e
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QUICK_SORT (ARR, BEG, END)

Step 1: IF (BEG < END)

CALL PARTITION (ARR, BEG, END, LOC)
CALL QUICKSORT(ARR, BEG, LOC - 1) S
CALL QUICKSORT(ARR, LOC + 1, END)
[END OF 1IF]
Step 2: END

Complexity of Quick Sort:

Worst Case Time Compiexity [ Big-O}. O(n?)

Best Case Time Complexity [Big-omegal € (n log n)
Average Time Complexity [Big-theta]: © (n log n)

Pros and Cons of Quick Sort:

It 1s faster than other algorithms such as bubble sort, selection sort, and insertion sort Quick sort

can be used to sort arrays of small size, medium size. or large size. Quick Sor 1s complex and
massively recursive.

Programming Example
Q5. Write a program o implement quick sort algorithm.
Source Code:

#include <stdio.h>
tinc lude <conio.h>
tdefine size 190 ‘
int partition{int al], int beg, int end);
voic quick sort(int af{], int beg, int eand);
voic main()
{
int arrisize], 1, n;
printf("\n Enter the number of elements in the array: "
scant("%d", &n);
print£("sn Enter the elements of the array: ");
for{i=0;i<n;i++)
‘ scanf("%d", &arr{i]);
\

1]

guick sort{arr, @, n-1};

ﬁrint?(“\n The sorted array 1s: \n");
for{i=0;icn;i++)

peintf xd\t®, arrfil);

getch( ),

Sy
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int partition(int a{], int beg, int end)

I ! int left, right, temp, loc, flag;
loc = left = beg;
i right = end;
f flag = O3
while(flag '= 1)
{
while((a[loc] <= a[right]) && (loc!=right))
right--;
if{loc==right)
flag =1;
else if(afloc]>afright])
{
temp = afloc];
ajloc] = a[right];
alright] = temp;
loc = right;
}
if(flag!=1)
{ while((afloc] »>= a[left]) 88 (loc!=left))
left++;
if(loc==1left)
flag =1;
else if(a[loc] <aileft])
{
temp = afloc];
afloc] = alleft];
af[left] = temp;
loc = lefy;
+
3
‘ }
return loc;
}

vold qui k_sort{iat &[], int beg, int end)

{
t

int lac;
1f(begcend)

!
1

loc - partition(a, beg, 2nd);
quick sort(a, beg, loc-1);
guick sort(a, lec+l, end);

[
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Output:

Enter the number of elements in the array: 5

Enter the elements of the array: 8

6

12

50

2

The sorted arrayis: 2 6 8 12 50.

6. MERGE SORT:
Merge sort 1s a sorting algorithim that uses the divide, conquer. and combine algorithmic paradigm

Divide D:vide means partitioning the n-element array to be sorted into two sub-arrays of n/2
clements 1A 1s an array containing zero or one element. then it is already sorted However.f
there are more clements in the array. divide A into two sub-arrays. Al and A2. cach containing
about haif of the elements of A )

Congquer: Conguer means sorting the two sub-arrays recursively using merge sort.

Combine: Combine means merging the two sorted sub-arrays of siz¢ n/2 to produce the sored
array of n ¢lements.
Merge sort aigorithm focuses on two main concepts to improve its performance (running imej
e A smaller list takes tewer steps and thus less time to sort than a large list
. As number of steps s relatively less. thus less time 1s needed 1o create a sorted hist from
1wo sorted hsts rather than creaung 1t using two unsoried hists

The basic steps of a merge sort algorithm are as follows:

e Ifthearrayisof length G or 1 then it s already soned

o Othenwise, divide the unsorted array into two sub-arrays of about halt the size .
e L se merge sort algornithm recursively to sort each sub-array

e Merge the two sub-arravs 1o fomm a single sorted list

Example: Sort the array 2iven below using merge sor.

39 @ 81|45 | 9C | 27 72 | 18

Solution:

3y Aonimanu_Yadav@CAB (c..ege
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30 ¢ (8145 3G (27]72/(18 39[ 9 (| 81]|45( 90|27 72|18
Y v

Y Y Y Y

o [s1las| [ea]27]72]18 o 39| (45 s1|[27 90|[18 72
r Y \ Y Y Y v
w|o|[s1]as|[o]27][72]18 9 39 45 81| |18 27 72 %
Y Y Y Y Y r | r
[ 9] 81 [as ({9 27][72] 18 9 18 27 39 45 72 8 %

Algorithm for merge sort:
MERGE (ARR, BEG, MID, END)
Step 1: [INITIALIZE] SET I = BEG, 3 = MID + 1, INDEX =0

Step 2: Repeat while (I <= MID) AND (J<=END)
IF ARR[I] < ARR[J]

SET TEMP[INDEX] = ARR[I]
SET I =1+ 1

ELSE
SET TEMP[INDEX] = ARR[J]

SET J =1 + 1
[END OF IF]
SET INDEX = INDEX + 1
[END OF LOOP]
Step 3: [Copy the remaining elements of right sub-array, if any]
IF I > MID
Repeat while I <= END
SET TEMP[INDEX] = ARR[J]]
SET INDEX = INDEX + 1, SET 3 = 1 + 1
[END OF LOOP]
[Copy the remaining elements of left sub array, if any)
ELSE '
Repeat while I <= MID
SCT TEMP[INDEX] = ARR[I]
SCT INDEX = INDEX + 1, SET I =1 ¢« 1
[END OF LOOP)
[END OF IF]
Step 4: [Copy the contents of TEMP back to ARR] SET K=0
Step 5: Repeat while K < INDEX
SET ARR[K] = TEMP[K]
SET K = K + 1
[END OF LOOP]
Step €: LND

23
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MERGE_SORT(ARR, BEG, END)
Step 1: IF BEG < END

SET MID = (BEG + END)/2

CALL MERGE_SORT (ARR, BEG, MID)
CALL MERGE_SORT (ARR, MID + 1, END)
MERGE (ARR, BEG, MID, END)

[END OF IF]
Step 2: END

Complexity of Merge Sort:
Waorst Case Time Complexity | Big-O}: O (n log n)

Best Case Time Complexity [Big-omega] € (n log n)
Average Time Complexity [Big-theta] © (n log n)

Programming Example

Q6. Write a program 1o implement merge sort.

Source Code:

#include <stdio.h>
#include <conio.h>
#define size 160

void merge(int af], irt, int, int);
void merge_sort{int a[],int, irt);

void main()

int arr[size}. i, n;

printf("\r Enter the rumber of elements ir the array : "5

scanf("%d”, &n);

printf{"\nr Enter the elerents of the array:

for(i=0;i<n;i-+)
scanf{"%d", &arr[i]};
S

merge_sort{arc, &, r-1};

printf{"ir The sorted arravy is: \n"),

for(i=@;icr;i-+)
printf(* %a\t”, arr i]);

getch{);

3y: Aohimanu_Yadav@CAB_Col.ege 24
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void merge(int arr[], int beg, int mid, int end)

-

{

int i=heg, j=mid+1l, index=beg, temp[size], k;.
while({ic=mid) && (jc<=end))

B
1

if(are[i] < arr(j])

{
temp[index] = arr[i];
i+s)
3
else
{ .
temp[index] = arr{j];
3445
}
index++;
}
if(i>mid) .
{
while(j<=end)
{
temp[index] = arr[j};
J+4;
index++;
}
elise
" while(i<=mid) :
{
temp[index] = arr{i];
i4+;
index++;
}

»

for(k=beg;k<index;k++}
arr{k] = temp[k];

.
7

void merge sort(int arr{], int beg, int end)

{
irt mid,;
if(beg<end)
mid = {(beg+end;/2;
merge_sort(arc, beg, mid);
merge_sort{arr, mid+l, end);
merge(arr, beg, mid, end);
}
By: Abhimanu_Yadav@CAB Coll . . .
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Output:

Enter the number of elements 1n the array 3

Enter the elements of the arrayv 8

6

12

S0

2

The sorted array 1s. 2 6 8 12 50.

7. HEAP SORT

Betore we discussing about heap sort. we have discussed what is binary heaps. how to bu:ld a heap

H from an array. how 10 msert a new clement in an already existing heap, and how to delete an
element from H.

What is binary heap?

A binan heap is a complete binary tree in which every node satisties the heap property which
states that’

1B isachild of A. then key(A) = kev(B)
This :mplies that elements at eveny node will be either greater than or equal to the element at iy

feft and nght chiid Thus. the root node has the :ghest key value in the heap. Such a heap s
commeniy known as 2 max-heap V

{99
{69' l’72
PR \,_{
, . - \\}.~ \ 1”-‘:_:-. )
45 {(63) ‘21" 3@
- ~t A N
r ‘;' > - /,4:"
2 % &
Max heap

~ N My . |
Alternatively clements at ey eny node will be eithe
and right chile Thus the roon he

iess than o equa
s e onest Rey valie Sy

v tet
i 10 the clement at iy 6

o

chaheap s called @ min-heap

By: AbhimanuPYadav@CAB_(‘.o!:ege

g,

26



<6> 1\32\)
PN . \;’- ,r"-‘.v\' h\,
7 (3) 2y @9
SN
10
(3 (o) (0
Min haap

The properties of binary heaps are given as follows:

» Since a heap 1s defined as a complete binary tree. all its elements can be stored sequentially
man arrav 1t feiiows the same rules as that of a compiete binary tree. That 1s. 1f' an element
1s a1 position 1 :n the array. then its left child is stored at position 21 and its right child at
position 2i+1. Conversely. an element at position i has its parent stored at position /2.
Being 2 complete binary tree. al! the levels of the tree except the last level are compietely
filled. )
Heaps (also known as partally ordered trees) are a very popular data structure for
implementing priority queues

~ The height of a dinary tree is given as logx n. where n 1s the number of elements.
A binan heap 1s a useful data structure 1n which elements can be added randomly but only the
element with the highest value 1s removed m case of max heap and lowest value in case of mmn

hean A binan heap is more space efficient and simpler

Inserting a2 \ew Element in a Binary Heap
Consider 2 max heap Iowith nelements Inserting a new value into the heap 1s done in the
tollowing two steps.
1 Add the new value at the botom of T in such a way that H is sull a complete binan tree
but not necessanily 2 heap
2 Jet the new value e to s appropriate place 0 11 so that H now becomes a heap as
well.
Jo do this. compare the new value with its parent to cheek 1t they are in the correct order. 1t they
re. then the procedure halis. eose the new value and its parent’s value are swapped and Sten 2

‘e
™

repeated

\lgorithm to insert an ¢lement in a max heap:

3v'Aonimanu_‘!adav@(AB_Col,:ege { 27 f



Step 1: [Add the new value and set its POS]
SET N=N+1, POS - N
Step 2: SET HEAP[N] - VAL
Step 3: [Find appropriate location of VAL]
Repecat Steps 4 and S while POS > 1
Step A SET PAR = POS/2
Step S IF HEAP[POS] <= HEAP[PAR],
then Goto Step 6.
ELSE
SWAP HEAP[POS], HEAP[PAR]
POS = PAR
[END OF IF]
[END OF LOOP]
Step 6: RETURN

Example: Consider the max heap given below in figure and insert 99 in it

72N

@
¢'/ h
X 2
3% 38
AN /
55 AN AR 41
@ Gy 68 &)

Solution:

Frststep the insert new element 99 in existing heap sc that the heag s accmpiete 5 ~ary tree and then
neap:fy the binary heap.

7N S~
54 54"
7 ;,Z’ . o '
\4? N §/ Y 5/: B
> 7 <, P ";/ “..“‘ N
21 2 ;1@; {21 27 i 18 21
1" SR CT)
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Example: Build a max heap from the given set of numbers: 45, 36, 54. 27. 63. 72.

61.and 18.

Solution:
(Step E}]
:45\

N~

(Step 2j
4s’
)_/

By Abmimanu_Yadav@CAB_

(64)
\\ ol g -
(36) @
> < \

(Step 3) (Step 4) (Sup 5 )
/@i X
35" \ FXX“\
\3?/ % {36 4 J'
P
27
iStep &) ' {Step 9)
63, 63)
't :
ya
(s4) (a5 (5a; )
N/ _ -
@ % 2 ® @
lS!ep 12)
72
_//,-
[ 63)

a:ji
ANAN

@1 36

College { 29 }

finally get max Heap.

</ K
(Snp 10|
.63a
>
N~
N 72

(36

{Step 13!

7& /
v --«
> \ .4:‘ )

@

72!
/,:; <.
=~
54
/ <\ ,
an (@
8
N, A



}
Heap[i/2])val;

8. RADIX SORT

Radix sort 1s a linear sorting algorithm tor integers and uses the concept of sorting names n
alphabet:cal order. When we have a list of sorted names. the radix 1s 26 {or 26 buckets) because
there are 26 letters in the English alphabet. So radix sort 1s also known as bucket sort

Observe that words are first sorted according to the first letter of the name. That s. 26 classes are
used to arrange the names. where the first class stores the names that begin with A the second
class contams the names with B, and so on.

During the second pass. names are grouped according o the second letter. Atter the second pass.
names are sorted on the first two letters. This process 1s continued till the nth pass. where n 1s the
length of the name with maximum number of letters.

Afier even pass. ail the names are collected in order of buckets That is. first pick up the names in
the fin hucket that contains the names beginning with A In the second pass. collect the names
from the second bucket, and so on.

When radi sort is used on integers. sorting is done on each of the digits in the number The sorting
procedure proceeds by sorting the ieast significant to the most significant digit. Wiile sorting the
aumbers. we have ten buckets. each for one digit (0. 1. 2. .... 9) and the number of passes will
depend on the length of the number having maximum number of digits.

Algorithm for radix sort:

Algorithm for RadixSort (ARR, N)

Ster 1: Find the largest rumber ir ARR as LARGE

Step 2: TINITIALIZE] SET NOP - Number of digits in LARGE

Sep 3 SET PASS = O

Step 41 Repeat Step 5 while PASS <= N0P-1

Slep 51 SET I - 0 anc INITIALIZE ouckels

e & Repeat Steps 7 to 3 while [<k-1

Step 7 SET DIGIT - Zigit at PASStn place in A{I)

Step 8: Add A 1. to <he butwer ruzbered DIGIT

Sles §: INCEREMEINT bucket ount for nucket aumbered DIGIT
[END OF LOOP!

i Ccilect the rumbers ir the buike® )
[E%0 OF LOCP|
Steg 1. IND
Example 8. : Sort the numbers given helow using radin sort.
345, 654, 924, 123, 567, 472, 555, 808, 911
Solution:

In the Dost pass. e numbers are sorted accordine tuo e dige . . Noare e
e ; : S At sored according e e digit at ones place e Backes are
pictured upside down as shown below
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345
634

24
123
Se7
472
33
8CR
911

211

345
654
3
924 i
i 55S

After this pass. the numbers are collected bucket by bucket The new list thus formed is used as an
input for the next pass. In the second pass. the numbers are sorted according to the digit at the tens

place The buckets are pictured upside down

654

345
555
s67

In the third pass. the numbers are sorted accorcing to the digit at the hundreds place The buckets
are pictured upside down.

)
&
Y
s
&
w

oo
U
&
"
&

EEER

The numbers are coilected bucket by buckel  The new hist thus formed is the final sorted resuit
After the thire puss. the istcan be given as 1230 345 472,555,567, 634, 808. 91 1. and 924
Complexity of Radix Sort: ' '

To caicuiate e compiexity of radix sort aigor thm. assume that there are n numbers that have 1o
be sorted and a s ihe number of digits iy the la-gest number In this case. the radix son aigorithin
1s called atoie: of K times The mner loop is executed o times. Hence. the entire radin sort algorithm
tzkes O(kn} time to execute. When radin sor s applied on ¢ data set of finite size (ven small set
of numbers). 1nen the algorithm runs in O (R ssymplotc tme :
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Programming Example:
Q.) Write a program to implement radix sort algorithm

seinclude cstdio.hy

ginciude <conic.hy

gdefine size 19

int largést{int aref), int n);
void radix_sort(int arr[], int n};
void main{)

{
int arefsize], i, r
print¥("\n Enter the number of elements in the array: "Y;
scant("Xd”, &n};
print#{"\n Erter the elesents of the array: )
for{is8;icn;is¢}
{
S
radix_sort{arr, a);
printf(*\n The scrted array is: 'r");
for(is8;icn;ive)
printf(” Xd\tY, arrli]);
getch();

scanf("8c”, Barr[i]);

}
int iargest{int arrf], int n
{ 2
int id'f‘zeua,ﬂr{a]’ i
for(isl;icn;ies)
{
L¥(arrii!:large)
large « arrlil
!
reti-n large;



waig radie sortiint eeril, int n}

<
X

int bucket{sizel{sive], bucket count{sizel;
Nt i, i, &, resainder, NOPoR, divisor-i, large, pass;
large » largest{ary, o},
shile{largerd)
{
W«&;
isrgeiesize;

or{ passel;pass 0P passes? /7 Inivislize the buchets

P JIR

for{iv8;icsize;ies )
tucket countiijeg,
for{1o8;1cn; des}

{

/7 sort the rumbers according to the digit st passth place
remainder = {arriil/divisgri¥size;

bucket| remainder | bucket count{remzinder}] » arrii};

tutket _countiremairder? e % '

siisct the nusbers afier PASS pass

e

AWy A SN A
3
S

&
©
"2,
4
%

Cri v Keniga, ke

aay

furi el Scburket_tountfh] jes}
7
<
arrli} » pucket{® il
jae;

H
ghivyor *« siie,
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Deleting an Element from a Binary Heap:

Consider a max heap H having n elements. An element is always deleted from the root of the heao So,
aeieting an eiement from the heap is done in the following three steps:

1. Replace the root node’s value with the last node’s value so that H is still a complete binary tree but
not necessarily a heap.

2. Deiete the iast node.

3. Sink down the new root node’s vaiue so that H satisfies the heap property. In this step, interchange
the root node's value with its child node’s value (whichever is largest among its children).

Algorithm to delete the root element from a max heap

Step 1: [Remove the last node from the heap]
SET LAST = HEAP[N], SET N = N - 1
Step 2: [Initialization]
SET PTR = 1, LEFT = 2, RIGHT = 3
Step 3: SET HEAP[PTR]. = LAST
Step 4: Repeat Steps 5 to 7 while LEFT <= N
Step 5: IF HEAP[PTR] »>= HEAP[LEFT] AND
HEAP[PTR] >= HEAP[RIGHT)
Go to Step 8
[END OF IF]
Step 6: IF HEAP[RIGHT] <= HEAP[LEFT]
SWAP HEAP[PTR), HEAP[LEFT]
SET PTR = LEFT
ELSE
SWAP HEAP[PTR], HEAP[RIGHT)
SET PTR = RIGHT
[END OF IF]
Step 7: SET LEFT = 2 * PTR and RIGHT = LEFT + 1
[END OF LOOP]
Step 8: RETURN

Fxample: Cons:der the max heap H given below i the Goure and delete the root node’s value.

{54;
,‘"-\
e
',-1‘/ \\)_\
35 36
7“ i; ‘(
4 \ 7 \
4/ X - 4/ ".‘ -
y, \
27, 29% ‘18" 121
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Y e /45/ %
@ @ @ @) <
@ @ @ @
a1
S

(Step 2) (Step 3)
(as)

f/
2 ,
/ Z
%

‘ . A
_/ l\1_ /’ ‘\1 8,"! \.2 1"‘
finally get max heap.

Applications of Binary Heaps

13:nary heaps are mainly applied for:
i Sorting an array using heapsort aigorithm
2 Implementing priority queues.

What is Heap Sort?

Heap sort 1s one 0! the sorting algonthms used 1o arrange a st of elements i an order Heap sort
algorithm uses one of the tree coneepts called Heap Tree In this sorting algonthm. we use Max
Heap to arrange list of clements 1in Descending order ané Min Heap to arrange hist elements i
Ascending order
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Given an arrav ARR with n elements. the heap sort algorithm can be used to sort ARR 1n twg

phases
In Step 1. build a heap 1 using the elements of ARR

In Step 2. repeatedly delete the root clement of the heap formed in Step 1.

m H s always present at the root node. So in Step

In a max heap. we know that the largest value
Hy collecting the elements of ARR 1n decreasing

2_when the root clement is deleted. we are actua
order.

The algorithm of heap Sort:
HEAPSORT(ARR, N)

Step 1: [Build Heap H]
Repeat for I = 0 to N-1
CALL Insert Heap(ARR, N, ARR[I])
[END OF LOOP]
Step 2: (Repeatedly delete the root element)

Repeat while N>O
CALL Delete_Heap(ARR, N, VAL)

SETN=N=+1
[END OF LOOP]
Step 3: END

Complexity of Heap Sort:
Worst Case Trme Complexity [ Big-O! O (n log n)
Bes: Case Time Complexity [Big-omega] Q (n log n)

Average Time Complex:ty [Big-theta] © (n log n)

Example:
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Consider the following lift of unsorted numbers which are to be sort using Heap Sort

82, 90, 10, 12, 15, 77, 55, 23
Condtruct a Heap with given IiQ of unsorted numbers and convert to Max Heap

Step 1
® @)
@ Max Heap

@ -

1i® of numbers after heap converted to Max Heap
90, 82, 77, 23, 15, 10, 55, 12

Step 2 Delete root (90) from the Max Heap. To delete root node it needs to be swapped
withhﬂnode(ll).Aﬂerdeietetmeneaistoheheapﬂywmnkenmxuap.

@ Heapily @
& G —> B @

Heap after 90 delered Max Heap
list of numbers after swapping 90 with 12.
12, 82, 77. 23, 15, 10, 55, 90

<ter * - Delete root (82) from the Max Heap. To delete root node it needs to be swapped
with last node (55). After delete tree needs to be heapify to make it Max Heap.

ety
@ Gy =P 3 &
Gy (9 (o @ Gy @
“ax tieap

Pean ter 87 decletedd

;2 of numbers after swapping 82 with S5.

12,55, /77,23, 15,10, 82. 90
“res. 4 Delete root (77) from the Max Heap. To delete root node it needs to be swappec
with last node (10). After delete tree needs to be heapify to make it Max Heap.
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it of numbers after swapping 77 with 10.
12, 55,10, 23, 15, 77, 82, 90

Stei: . Delete root (55) from the Max Heap. To delete root node it needs to be swapped
with la®t node (18). After delete tree needs to be heapify to make it Max Heap.

Heapify

-~ ____.> o P
@3 10 ) Uy
1 (2

Ry

rieap after $% deteted Max Heap

11 of numbers after swapping 55 with 15.

12, 15, 10, 23, 55, 77, 82, 99

Stess . Delete root (23) from the Max Heap. To delete root node it needs to be swapped
with fast node (12). After delete tree needs to be heapify to make it Max Heap.

(2 (13
Hesapily
T e > At
Heap after 23 deleted Max Heap
i of numbers after swapping 23 with 12.
12, 1%, 10, 23, 55, 77, 82, 90

x Delete roat (15) from the Max Heap. To delete root node it needs to be swapped
with 1ast node (10). After delete tree needs to be heapify to make it Max Heap.

—

't :‘\ g
X4} H 2
“L’j} Heapify e Delete 12 fnsdets 10
St /‘-‘~.\
. 1)) Frvigsty
75 5 - ) {140 ___> 1‘{/__> Y
Max Heap

Catte 23 deleted

i€t of numbers after Deleting 15, 12 & 10 from the Max Heap.
10, 12, 15, 23, 55, 77,82, 90

Whenever Max Heap becomes Empty, the list get sorted in Ascending order

Programming Example

Q6. Write a program 1o implement Heap Sort.
Source Code:

#:nciuge <stdio N>

#nciude <con 0.n>

Hoefine MAX 10

8v. Adhimany_Yadav@CAB_College 34
;



void RestoreHeapUp(int *,int);
void RestoreHeapDown{int?, int,int);
int main()

L ‘

int Heap[MAX],n,i,3;
cdrser();
printf("\n Enter the number of elements : ");
scanf{"%d",&n);
printf(“\n Enter the elements : “);
for{iz1l;i<=n;i++)
{
scanf("%d",8Heap{i]);
RestoreHeapUp(Heap, i); // Heapify

}
// Delete the roct element and heapify the heap
i=n;
for(i:l;i(:j;i+o)
{
int temp,;
temp=Heap(1];
Heap[1]= Heap[n];
Heap[n]=temp;
n = n-1; // The element Heap[n] is supposed to be deleted

RestoreHeapDown (Heap,1,n); // Heapify

n=3,
printf("\n The sorted elements are: “);
for{i=z1;i<=n;1i++)
printf("%43" Heap[i]);
return 0;

}
vo1d RestoreHeapUp{int *Heap,int index)
{
int val = Heap[index];
while( (index>1) &8 (Heap[irdex/2] < val) }// Chech parent’s value
{
Heap[index )=Heap{index/2];
index /= 2,
}
Heap]index]=val;
3
void RestoreHeapDown(int "Heap,int index,int n)
{
int val = Heap[index];
int j=index*2;
while(j<=n)

{
if( (j<n) 88 (Heap[3j) < Heap[j+1]))// Check sibling’s value
b Rad .
if(Heap[j] « Heap{3/2)) // Check parent'; value
break;
Heap[j/2])=Heap|3];
1=3'2;
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