DATA STRUCTURES UNTE -4(SORTINGS)

Sorting refers to arranging data in a particular format. Sorting algorithm specifies the way to
arrange data in a particular order.

Types

1.Insertion sort

This is an in-place comparison-based sorting algorithm. Here, a sub-list is maintained which is
always sorted. For example, the lower part of an array is maintained to be sorted. An element
which is to be 'inserted' in this sorted sub-list, has to find its appropriate place and then it has to
be inserted there. Hence the name, insertion sort.

Algorithm

Step 1 - If it is the first element, it is already sorted. return 1;

Step 2 - Pick next element

Step 3 - Compare with all elements in the sorted sub-list

Step 4 - Shift all the elements in the sorted sub-list that is greater than the
value to be sorted

Step 5 - Insert the value

Step 6 - Repeat until list is sorted

Ex:

We take an unsorted array for our example.

Insertion sort compares the first two elements.

S8E000Na0

It finds that both 14 and 33 are already in ascending order. For now, 14 is in
sorted sub-list.

14 s [z |10 ][ s8] 10 |42 | ]

Insertion sort moves ahead and compares 33 with 27.

(18 (=22 [ 10 |35 ][ 10| a2 | s]

And finds that 33 is not in the correct position.

(18 (3] 22 [ 10 |35 ][ 10 ][ 42 | s]

It swaps 33 with 27. It also checks with all the elements of sorted sub-list. Here
we see that the sorted sub-list has only one element 14, and 27 is greater than
14. Hence, the sorted sub-list remains sorted after swapping.

D000 0R00n
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By now we have 14 and 27 in the sorted sub-list. Next, it compares 33 with 10.

ElE) =) o) (=)o) 2 ) ]

These values are not in a sorted order.

0 A 5 B K KN B B

So we swap them.

4] (2][10] 30 {35 ][ 19 | 42 [ ]

However, swapping makes 27 and 10 unsorted.

14z [0 [ ss [ o8 )[ 10 ][ 42 |

Hence, we swap them too.

-

14 || 10 ]27” 33 | 35 || 19 | a2 | aa

Again we find 14 and 10 in an unsorted order.

14| 1027 |3 | o5 || 19 [ 42 | 4]
We swap them again. By the end of third iteration, we have a sorted sub-list of 4
items.

10](1a (2] 30 {35 ][ 10 | 42 [ ]

. s

This process goes on until all the unsorted values are covered in a sorted sub-list.
Now we shall see some programming aspects of insertion sort.
Programe:
classInsertionSort{
voidsort (intarr[])
{

intn = arr.length;
for (inti=1; i<n; ++1i)

intkey = arr[i]
intj = i-1;
while (j>=0&&arr[j] > key)

{
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arr[j+1] = arr[j]l;
j o= 9-1
}
arr[j+1] = key;
}
}
staticvoidprintArray (intarr[])
{
intn = arr.length;
for (inti=0; i<n; ++1i)
System.out.print (arrf[i] + " ");
System.out.println();
}

publicstaticvoidmain (String args[])
{
intarr(] = {12, 11, 13, 5, 6};
InsertionSortob = newInsertionSort () ;
ob.sort (arr) ;
printArray (arr);
}
}

Out put:

56 11 12 13

2.Merge sort

Merge sort is a sorting technique based on divide and conquer technique. With worst-case time
complexity being O(n log n), it is one of the most respected algorithms.

Algorithm

Step 1 - if it is only one element in the list it is already sorted, return.
Step 2 - divide the list recursively into two halves until it can no more be divided.
Step 3 - merge the smaller lists into new list in sorted order.

Ex:To understand merge sort, we take an unsorted array as the following -

|14H:«33H27H10H35|‘19”42“44\

We know that merge sort first divides the whole array iteratively into equal halves unless the
atomic values are achieved. We see here that an array of 8 items is divided into two arrays of size
4,

-

[1e 3= )l = {10 |l )| %2 )|+ ]

This does not change the sequence of appearance of items in the original. Now we divide these

two arrays into halves.

(14 ]las | |27 ] 10| |[35| 19| | 42| |

We further divide these arrays and we achieve atomic value which can no more be divided.
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‘14] ‘33J ‘27’ {10’ ’35’ |19| ’42J l44‘

s

Now, we combine them in exactly the same manner as they were broken down. Please note
the color codes given to these lists.

We first compare the element for each list and then combine them into another list in a sorted
manner. We see that 14 and 33 are in sorted positions. We compare 27 and 10 and in the target
list of 2 values we put 10 first, followed by 27. We change the order of 19 and 35 whereas 42 and
44 are placed sequentially.

SEEE e

In the next iteration of the combining phase, we compare lists of two data values, and merge

them into a list of found data values placing all in a sorted order.

| 10 H 14.||27 H 33 ‘ ’19 H 35 H 42 H a4 ’

After the final merging, the list should look like this -

‘ 10 H 14 H 19 H 27 H 33 H 35 H a2 H a4 '

Now we should learn some programming aspects of merge sorting.
Program:

classMergeSort

{

// Merges two subarrays of arr[].

// First subarray is arr[l..m]

// Second subarray is arr[m+l..r]

voidmerge (intarr([], intl, intm, intr)

{
// Find sizes of two subarrays to be merged
intnl = m - 1 + 1;
intn2 = r - m;

/* Create temp arrays */
intL[] = newint[nl];
intR[] = newint[n2];

/*Copy data to temp arrays*/
for (inti=0; i<nl; ++1)
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L{i] = arr[l + 1i1;
for (intj=0; j<n2; ++3)
R[J] = arr[m + 1+ J];

/* Merge the temp arrays */

// Initial indexes of first and second subarrays
inti = 0, j = 0;

// Initial index of merged subarry array
intk = 1;
while (i< nl && j < n2)

arr[k] = L[1i];
i++;
}
else
{
arrl[k] = R[J];
J++;
}
k++;
}
/* Copy remaining elements of L[] if any */

while (i< nl)

{
arr[k] = L[1i];
i++;
k++;

}

/* Copy remaining elements of R[] if any */
while(j < n2)
{

arr[k] = R[]J];

G+

k++;

}

// Main function that sorts arr[l..r] using
// merge ()
voidsort (intarr[], intl, intr)
{
if(l < 1)
{
// Find the middle point
intm = (l+r)/2;

// Sort first and second halves
sort (arr, 1, m);
sort (arr , m+l, r);

// Merge the sorted halves
merge (arr, 1, m, r);

PREPARED BY G.V.S ANANTH NATH (ASSOCIATE PROFESSOR) DEPT. OF MCA KMMIPS :: TIRUPATI Page 5



DATA STRUCTURES UNTE -4(SORTINGS)

/* A utility function to print array of size n */
staticvoidprintArray (intarr[])
{
intn = arr.length;
for (inti=0; i<n; ++i)
System.out.print (arr[i] + " ");
System.out.println();
}

// Driver method
publicstaticvoidmain (String args[])

{
intarr[] = {12, 11, 13, 5, o6, 7};

System.out.println ("Given Array");
printArray(arr);

MergeSortob = newMergeSort():;
ob.sort (arr, 0, arr.length-1);

System.out.println ("\nSorted array");
printArray(arr);

b}
Out put:

Given array is

12 11 13 5 6 7

Sorted array is

56 7 11 12 13

3.Quick sort

Quick sort is a highly efficient sorting algorithm and is based on partitioning of array of data into
smaller arrays. A large array is partitioned into two arrays one of which holds values smaller than
the specified value, say pivot, based on which the partition is made and another array holds

values greater than the pivot value.

Quick sort partitions an array and then calls itself recursively twice to sort the two resulting
subarrays. This algorithm is quite efficient for large-sized data sets as its average and worst case

complexity are of O(n?), where n is the number of items.

Algorithm

Step 1 - Choose the highest index value has pivot

Step 2 - Take two variables to point left and right of the list excluding pivot
Step 3 - left points to the low index

Step 4 - right points to the high

Step 5 - while value at left is less than pivot move right

Step 6 - while value at right is greater than pivot move left
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Step 7 - if both step 5 and step 6 does not match swap left and right
Step 8 - if left 2 right, the point where they met is new pivot

Ex:

shows that 54 will serve as our first pivot value. Since we have looked at this example a few times
already, we know that 54 will eventually end up in the position currently holding 31.

The partitionprocess will happen next. It will find the split point and at the same time move other items
to the appropriate side of the list, either less than or greater than the pivot value.

54 | 26 | 93 17 | 77 | 31 | 4a | 55 | 20 lﬁ"“’"“""‘"‘e
first pivot value
e

Partitioning begins by locating two position markers—Iet’s call them leftmark and rightmark—at the
beginning and end of the remaining items in the list (positions 1 and 8 in Figure ). The goal of the
partition process is to move items that are on the wrong side with respect to the pivot value while also
converging on the split point. Figure shows this process as we locate the position of 54.

54 | 26 |93 | 17 | 77 | 31 | aa | 55 | 20 lefimark and rightmark
will converge on split point

leftmark ———» -————— rightmark
26<54 move to right
54 26 93 17 77 31 44 55 20 93>54 stop
leftmark rightmark

now rightmark
54 26 93 17 77 31 a4 55 20 20<54 stop

leftmark rightmark

54 26 20 17 77 31 44 55 93 exchange 20 and 93

leftmark rightmark

now continue moving leftmark and rightmark

77>54 stop
44<54 stop
exchange 77 and 44

54 26 20 17 77 31 44 55 93

e -
leftmark rightmark

77>54 stop
54 26 20 17 a4 31 77 55 o3 ~ 31<54 stop
rightmark<ieftmark
split point found
exchange 54 and 31

rightmark leftmark
——

-
until they cross
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We begin by incrementing 1eftmark until we locate a value that is greater than the pivot value. We then
decrement rightmark until we find a value that is less than the pivot value. At this point we have
discovered two items that are out of place with respect to the eventual split point. For our example, this
occurs at 93 and 20. Now we can exchange these two items and then repeat the process again.

At the point where rightmark becomes less than 1eftmark, we stop. The position of rightmark is now the
split point. The pivot value can be exchanged with the contents of the split point and the pivot value is
now in place (Figure 14). In addition, all the items to the left of the split point are less than the pivot
value, and all the items to the right of the split point are greater than the pivot value. The list can now be
divided at the split point and the quick sort can be invoked recursively on the two halves.

I 31 26 20 17 44 54 77 55 I a3 I 54 is in place
54

1 ] L

I 31 26 20 17 L ] I 77 55 93 l

quicksort left half quicksort right half

Program

classQuickSort

{
intpartition(intarr[], intlow, inthigh)
{
intpivot = arr[highl];
inti = (low-1);
for (intj=low; j<high; J++)
{
if (arr[j] <= pivot)
{

i++;

// swap arr[i] and arr[j]

inttemp = arr[i];
arr[i] = arr[jl;
arr[j] = temp;

inttemp = arr[i+l];
arr[i+l] = arr[high];
arr[high] = temp;

returni+l;

}

voidsort (intarr[], intlow, inthigh)

{
if (low < high)
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intpi = partition(arr, low, high);

sort (arr, low, pi-1);
sort (arr, pi+l, high);

}

staticvoidprintArray (intarr[])

{
intn = arr.length;
for (inti=0; i<n; ++1)
System.out.print (arr[i]+" ");
System.out.println();
}

publicstaticvoidmain (String args(])

{
intarr[] = {10, 7, 8, 9, 1, 5};
intn = arr.length;

QuickSortob = newQuickSort () ;
ob.sort (arr, 0, n-1);

System.out.println("sorted array");
printArray(arr) ;
}
}

Out put:

Sorted array:

157 89 10

4 .Heap sort:

Heap sort is a comparison based sorting technique based on Binary Heap data structure. It is similar to selection
sort where we first find the maximum element and place the maximum element at the end. We repeat the same
process for remaining element.

What is Binary Heap?

Let us first define a Complete Binary Tree. A complete binary tree is a binary tree in which every level, except
possibly the last, is completely filled, and all nodes are as far left as possible.

A Binary Heap is a Complete Binary Tree where items are stored in a special order such that value in a parent
node is greater(or smaller) than the values in its two children nodes. The former is called as max heap and the
latter is called min heap. The heap can be represented by binary tree or array.

Why array based representation for Binary Heap?

Since a Binary Heap is a Complete Binary Tree, it can be easily represented as array and array based
representation is space efficient. If the parent node is stored at index I, the left child can be calculated by 2 * | + 1
and right child by 2 * | + 2 (assuming the indexing starts at 0).
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Heap Sort Algorithm for sorting in increasing order:

1. Build a max heap from the input data.

2. At this point, the largest item is stored at the root of the heap. Replace it with the last item of the heap followed
by reducing the size of heap by 1. Finally, heapify the root of tree.

3. Repeat above steps while size of heap is greater than 1.

How to build the heap?

Heapify procedure can be applied to a node only if its children nodes are heapified. So the heapification must be
performed in the bottom up order.

Lets understand with the help of an example:

Input data: 4, 10, 3, 5, 1

4(0)
/\
10(1)  3(2)
/ 0\
5(3) 1(4)

The numbers in bracket represent the indices in the array
representation of data.
Applying heapify procedure to index 1:
4(0)
/\
10(1) 3(2)
/ \
5(3)  1(4)
Applying heapify procedure to index ©:
10(0)
/ \
5(1) 3(2)
/N
4(3)  1(4)

The heapify procedure calls itself recursively to build heapin top down manner.

PREPARED BY G.V.S ANANTH NATH (ASSOCIATE PROFESSOR) DEPT. OF MCA KMMIPS :: TIRUPATI Page 10



DATA STRUCTURES UNTE -4(SORTINGS)

Program
// Java program for implementation of Heap Sort
publicclassHeapSort
{
publicvoidsort (intarr[])

{

intn = arr.length;

// Build heap (rearrange array)
for(inti = n / 2- 1; 1i>= 0; 1--)
heapify(arr, n, 1i);

// One by one extract an element from heap
for (inti=n-1; 1i>=0; 1i--)
{

// Move current root to end

inttemp = arr[0];

arr[0] = arr([i];

arr[i] temp;

// call max heapify on the reduced heap
heapify(arr, i, 0);

// To heapify a subtree rooted with node i which is

// an index in arr[]. n is size of heap
voidheapify(intarr[], intn, inti)
{

intlargest i; // Initialize largest as root

// left = 2*1 + 1
2; // right = 2*i + 2

intl = 2*1
intr = 2*1i

+ + |
i

// If left child is larger than root
if(l < n &&arr[l] >arr[largest])
largest = 1;

// If right child is larger than largest so far
if(r < n &&arr[r] >arr[largest])

largest = r;

// If largest is not root

if (largest != 1)

{
intswap = arr[i];
arr[i] = arr[largest];
arr[largest] = swap;

// Recursively heapify the affected sub-tree
heapify(arr, n, largest);

/* A utility function to print array of size n */
staticvoidprintArray (intarr[])

{

intn = arr.length;

PREPARED BY G.V.S ANANTH NATH (ASSOCIATE PROFESSOR) DEPT. OF MCA KMMIPS :: TIRUPATI

Page 11



/ DATA STRUCTURES UNTE -4(SORTINGS)

for (inti=0; i<n; ++i)

}

System.out.print (arr[i]+" ");
System.out.println();

// Driver program
publicstaticvoidmain (String args[])

{

}
}

intarr[] = {12, 11, 13, 5, o6, 7};
intn = arr.length;

HeapSortob = newHeapSort();
ob.sort (arr) ;

System.out.println ("Sorted array is");
printArray (arr);

Run on IDE

Output:

Sorted array is

567 11 12 13

Sorting with tapes:

Given n programs to be stored on tape, the lengths of these programs are i1, i2....in respectively.
Suppose the programs are stored in the order of i1, i2...in. 2 We have a tape of length L i.e. the
storage capacity of the tape is L. We are also given n programs where length of each program is i is Li.
Let Tj be the time to retrieve program ij.

It is now required to store these programs on the tape in such a way so that the mean retrieval time is
minimum. MRT is the average tome required to retrieve any program stored on this tape.

Assume that the tape is initially positioned at the beginning.

Tj is proportional to the sum of all lengths of programs stored in front of the program ij.

The goal is to minimize MRT (Mean Retrieval Time),(1/n) > ni=0TjYi=0nTj

l.e., want to minimize Y nj=1%jk=1TiYj=1nY k=1jTi

Problem:

Here, n=3 and (L1, L2, L3) = (5, 10, 3). We can store these 3 programs on the tape in any order but we
want that order which will minimize the MRT.

Suppose we store the programs in order (L1, L2, L3).

Then MRT is given as (5+(5+10)+(5+10+3))/3=38/3

To retrieve L1 we need 5 units of time. Because a tape is a sequential device we will have to first pass
through entire L1 even if we want to retrieve L2.

Hence, retrieval time (RT) is 5 for program 1 and (5+10) for program 2.

Similarly, if program 3 is also considered then the total RT becomes 5+ (5+10) + (5+10+3) where
(5+10+3) is the RT for program 3.

Since we want to find the mean retrieval time we add all the RT and then divide the sum by n.

The aim over here is to find the minimum MRT. To do this we consider all the possible orderings of
these 3 programs. Since there 3 programs we can have at the most 6(3!) combinations.

Consider the below table:
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Ordering MRT( MEAN RETREIVALTIME)
L1,L2,L3 5+(5+10)+(5+10+3)/3=38/3
L1,L3,L2 5+(5+3)+(5+10+3)/3=31/3
L2,L1,L3 10+(5+10)+(5+10+3)/3=43/3
L2,L3,L1 10+(3+10)+(5+10+3)/3=41/3
L3,L1,L2 3+(5+3)+(5+10+3)/3=29/3
L3,L2,L1 3+(3+10)+(5+10+3)/3=34/3

1. It should be seen that the minimum MRT of (29/3) is obtained in case of (L1, L2, L3). Hence the
optimal solution is achieved if the programs are stored in increasing order of their lengths.

2. Hence, a greedy approach to solving the problem is continuously select programs in increasing order
of their lengths.

3. If Lis an array having program length in ascending order then the following would be an algorithm to
this problem:

4. Sum=0;

5. For (i=1; i<=n; i ++)

6. For (j=1; j<=I; j++)
7o Sum = sum+ L[j]
MRT = sum/n

8. The time complexity of this algorithm including the timetodo sorting is

9. 0O(n2)

e Polyphase merge
A polyphase merge sort is an algorithm which decreases the number of runs at
every iteration of the main loop by merging runs into larger runs. It is used
for external sorting.

In this type of sort, the tapes being merged, and the tape to which the merged

sub files are written, vary continuously throughout the sort. In this technique, the
concept of a pass through records is not as clear-cut as in the straight or the natural
merge.

EXAMPLE
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~ . .-..

w

Polyphase merging
N e : —e &< :

tape1  [A[OJRISIT)m[1[N]=[AlG]N|= [D]E[MIR]=[G[T[N]=

[E[G[X w[ATM[P|=[E[L]=
L

[DIETMR]=(G]I[N]|=

L]
[alE|G[o[R]S|T][x|=[AlT]M[N[P|=[AlEIG]L|N|=

-
tape2  |A[D|E[E[GIM[O[RIR[S[T[X]|w[A[G]I]I[M|N|N[P|=

AJE|G|LIN|=
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' above program the basic operat; .
In if (A[31 > A[jﬂ])p ration ig comparision -
which is executed within nested fo, log

ot 5 o( n2). PS. Hence the time complexity of bubble

42.2 Insertion Sort

i thod th -
In this me e elements are inserted gt their appropriate place. Hence is the

qame insertion sort. Let us understand this method with the help of some example -

. 1 2 3 4 5 5
30 70 | 20 | 50 | 40 10 | 60 Compare 70
TR (- with 30 and
Sorted U 7 insert it at
Jone nsorted zone its position
0 1 2 3 4 5 ¢
30 | 70 Compare 20
‘ | 20 | 50 | 40 | 10 | 60 with the
F e — elements in
Sorted Unsorted zone sorted zone
zone and insert it
in that zone
0 1 2 3 4 o 6 at appropriate
20| 30 | 70 50| 40 | 10 | 60 position
So‘r?ed Unsor‘t:ad zone
zone
0 1 2 3 4 ) 6
20 | 30 | 50 | 70 40 | 10 | 60
Sorted zone Unsorted zone
o 1 2 3 4 5 6
20 | 30 | 40 | 50 70 10 | 60
: —  “Unsorted
LSO e
Sorted zone Ur;s(;e
o 1 2 3 4 5 g

10 | 20 | 30 | 40 | 50 ll e
/ —
L Unsorted

Sorted zone zone
6

o 1 2 3 4 °
30 |40 | 50 | 60| 7O

10 | 20

Sorted list of
elements
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For Example
Consider a list of elements as,

0 1 2

IR

|

The process starts with first element

Algorithm
Although it is very natural to implement insertion using recursive(top dowm
algorithm but it is very efficient to implement it using bottom up(iterative) approach,

Algorithm Insert sort (a[0..n-11)

//Problem Description: This algorithm is for sortin
//elements using insertion sort

//Input: An array of n elements

//Output: Sorted array A[0.n-1] in ascending order

for i <« 1 to n-1 do

g the

temp « A[i]//mark A[i]th element

j o« i-1//set j at previous element of A[i]
while (j>=0)AND (A[]j]>temp)do

{

//comparing all the previous elements of A[i] with
//BA[i].If any greater element is found then insert
//it at proper position

AlJ+l] < BL]]

? « Jj-1

A 3 '
| [j+1] « temp //copy A[i] element at A[j+1]

Analysis

When .an array of elements is almost sorted then it is best case com lexity The
best case time complexity of insertion sort is O(n). g |

If an array is randomly distributed then it results in avera

which is O(n ?). ge case time complexif

If the list of el i i
elements is arranged in descending order and if we want to sort e

. 1. . & . h]‘ Il 1

\ S

>
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Logic Explanation —

For understanding the logic of above Java program consider a Jist of

elements as,

Data Structures and Files

mm

30 20 10 40 50 Initially it enters in

: ) outer for loop

J | temp = A[i]
j=i-1

temp
20

Then the control moves to while loop. As j >= 0 and Afj] > temp is Trye th
while loop will be executed. -

30 30 10 40 50
j=-1 i Alj+1]1=A[j]

1 2 3 4

0
30ﬁo 40’50,

-
—_—
~

temp it gets
20 |-~ copied at
Alj+1]

Then list becomes,

0 1 2 3 4

20 | 30 | 10 | 40 m Again for loop gets
executed and

Lﬂ__—’ 3
This Fiah seti=2, temp = A[j]
list gets And]=1=1

sorted.
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20 30 10 40 50 It moves to while loop
] Asj>=0and
| (A[]]>temp) is true,
temp the while loop gets
e executed.
i
@ 20 | 30 | 30 | 40 | 50 ALj +1]=Al]]
i T T T Ty Sy i=i—
j gets decremented
temp

10

@) 20 | 20 | 30 | 40 | 50 AL +1]=AL]]
T j=j-1
temp
10
0 1 2 3 4
As <0, it comes
@ 10 20 30 40 50 sutaf whila
i A i loop
'\ A[j+1] =temp
temp 3, gets
! 10 | ./ copied
Thus,
0 1 2 3 4
10 20 30 40 50 Again for loop gets
executed.
L ~— — set i=3,
This much temp =A[i]
list gets j=i-1

sorted



i s e . S e R

Sorting & Searc

Data Structures and Files 4-14 \hlng
Then,
4
2 ! 2 ! It moves to while loop
10 20 30 40 50 As A[j]>temp
j | is false , while loop
will not get executed.
temp
40
0 1 2 3 4
10 | 20 | 30 | 40 | 50 A[JrlI=temp
' j A
|
gets
lemp | copied
10 F--" (i.e. no change!)
Then, 0 1 2 3 4 A e :
/ gain for loop gets
f 10 20 30 40 50 ——
~— 1 seti=4
This much list temp ?A [i]
gets sorted j=i-1
0 1 2 3 4
Then .
' It moves to while loop
10 20 30 40 50 AsA[]] > temp is
j i false, while loop
will not get
temp executed.
50
0 1 2 3 4
10 | 20 | 30 | 40 | 50 AlJ+l]=temp
|}
\
\
temp : gets
, copied
50 fp=-——="
0 1 2 3 4
10 20 30 40 50

g

This much list
is sorted

Thus we have scanned the entire list and inserted the elements at correspoﬂdmg

locations. Thus we get the sorted list by insertion sort.

Ster
So 1
(x [
(x [
(x
(x[2
(x[“

1.e.

StEp
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14
18

4.2.6 Merge Sort
The merge sort is a sorting algorithm that uses the divide and conquer strat

this method division is dynamically carried out.

Merge sort on an input array with n elements consists of three steps:
Divide : partition array into two sub lists s1 and s2 with n/2 elements each,
Conquer : Then sort sub list s1 and sub list s2.
Combine : merge sl and s2 into a unique sorted group.
Example 1 : Consider the elements as

70, 20, 30, 40, 10, 50, 60
Now we will split this list into two sublists.

70120|30|40( 10|50 (60 |

DivV ) Divide

7012030 40110 | 50 | 60
Divide \ / \Divide
70| 20 30 40|10 50| 60
Divide \ / \ \:\)ivide
Y
70 20 30 40 10 50 60
Merge \ / ' \ / \ Merge
2070 30 10| 40 50 | 60
Merge / \ Aerge
2013070 1014050 |60

Merm Merge

10120|30(40|50|60]70

Example 2 : Sort the following elements using merge sort.
10, 5, 7, 6, 1, 4, 8, 3, 2, 9.
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Data AP LT R MEART RS S E g = 7—5()—er9
—
Now
0 1 2 3 4 5 6 7 8 9
10/5|7(6|1|4|8[3]|2]9
105|761 2lelalals
2] 7 6] 1 4|83 2|9
0] s 7 6 1 4|8 3 2 9
\ ‘ 3 \ / ] 1
10 5 7 6 1 4 8 5 9
N N4 N/, | N/
5 110 7 1|6 4|8 3 219
\/ | \/ |
5|7 |10 116 3|41|8 219
11561710 2134|809
112|3|4|5|6|7|8]9]|10

Example 3 : Apply merge sort to sort the list E, X, A, M, P, L, E in alphabetical

order.

1 2 3 5 6
EIX|A|M|[P|LI|E
EIX|A|M |F’ L |E
E | X AlM PlL E
|
E X A M P L E
\
E | X AlM L| P E
A|lEIM]|X E|L|P
A|lE|E|L|M|P/|X| isasorted list
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Algorithm MergeSort (int A[Omn—l],low,h%gh) .
//Problem Description: This algorithm is for sorting the
//elements using merge sort o
//Input: Array A of unsorted elements, low as beginning
//pointer of array A and high as end pointer of array A
//Output: Sorted array A[0..n-1]

if (low < high) then

{

mid ¢« low+high) /2 //split the list at mid
MergeSort (A, low,mid) //first sublist

MergeSort (A,mid+1,high) //second sublist |
Combine (A, low,mid,high) //merging of two sublists
}
Algorithm Combine (A[0..n-1],low, mid, high)
{

k <« low; //k as index for array temp
i « low; //i as index for left sublist of array A
j ¢ mid+1 //j as index for right sublist of array A

while(i <= mid and j <= high)do
{
if (A[i]<=A[7]) then
//if smaller element is present in left sublist
{
//copy that smaller element to temp array
temp[k] « A[i]
1« i+1
k < k+1
}

else //smaller element is present in right sublist
{
//copy that smaller element to temp array
temp[k] « A[j]
j o« j+1
k « k+1
}
}
//copy remaining elements of left sublist to temp
while (i<=mid)do
{
temp (k] « A[i]
1« i+1
k ¢« k+1

4 -44 Sorting g g,
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//copy remalnlng ele
m

while (j<=high)do ents of
{

temp[k] <« A[j]

j o~ J+1

k « k+1
}

Logic Explanation

To understand above algorithm consider a list of elements as

right sublist to temp

70 20
30 40 10 50 60
0 1 2 3 4 5 6
T 1 1
Then we will first make two sublists as
low high
0 1 2 3 4 5 ©
70 40 10150 (80| Merge sort (A, low, mid)

ThIS list is further
subdivided

70120 30| 40

@ This listis ® This list

@

This list can be

subdivided

subdivided can be Merge sort (A, mid+1, high)
subdivided
70 20 30 40 s 60
This list
(@ Combine L can be
- Combine two P subdivide
As &3] < A[i] sublists in "
copy A[j] to temp array @ Combine two
t
emp sublists

20 7o|

Combine
these two l 10

sublists

40 l Comblne two

sublists

10

50

60

Combine two

sublists

oz w0 ]!
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Let us see the combine operation more closely with the help of some examp],

Consider that at some instance we have got two sublits 20, 30, 40, 70 ang 10
60, then

R

Array A (left sublist) Array A (right sublist) R —
20|30 (40|70 - |[10]50|60 Aigorithm‘J
T T
: J if (A[il<= A[§))
Initially k = 0. Then k will be incremented {
temp[k] e A[i]
temp i¢i+l
10 kéek+1
}
0 7 e/ else
k Q’e{ Se Dart f {
S Or g/ ;
Xecupeg———2omthm temp[k]¢ A[5]
, ; gk & 2!
Note that A (left sublist) A (right sublist) Kkt
i remains }
there and j is 20130(40|70 10| 50 | 60
incremented T T
! j
Array A (left sublist) Array A (right sublist) YT
pplicable p
20(130(40|70 10| 50 | 60 Algorithm
s T
i j
k = 1. It is advanced later on
. . == : )
temp Tf (A[i]<= A[]]
10120 temp [k] ¢« A[il
0 1 7 if part of algorithm| / 3w JE1
K gets executed k « k+1
moves ahead )
else
Note that Array A (left sublist) Array A (right sublist) { temp [K] ¢ alil
j remains there , 1
and only i is 20(30(40|70 10| 50| 60 ] <] X
incremented T T } k ¢« kt
i .
J /
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Array A (| .
Cofl subiist Array A (right subji
=
«~ [sfer
i T —
Now k=2 j pplicable part of
temp Algorithm
0 1 2 2 if part tellﬂp (k] « A [i]
k gets executed }l( : ;1
moves ahead } 1
else
te that j A (left subli ,
TZ as it is and Y A (right sublist) {
only i is 201304070 temp [k] « A [j]
only 10 50 | 60 3 e 341
incremented P
! ; 1 k « k+1
i : }
J
A (left sublist) A (right sublist)
2030|401 70 10|50 | 60 Applicable part of
7 5 Algorithm
i i if (A[il<= A []])
{
temp o temp [k] « A [1i]
10|20 |30 |4 . xecy i« i+l
O] wlrpatge®= T~
T }
k else
{
temp (k] < A []j]
Note that J A (left sublist) A (right sublist) j o« J+1
remains there k & kt+l
and only i is 2030|4070 10{:90 | 50 }
incremented i T
[ i
: A (right sublist)
A (left sublist) Applicable part of
20 | 30 | 40 7o| 10|50 | 60 e i
T T if (Alil<= A [i])
i J {
temp [k] « A [i]
temp i « i+l
10 | 20 | 30 | 40 | 50 Olse k < k+1
| e }
T‘M else
k Cuteq— |
temp [k] « A [J]
- : i o« J+1
_ A (right sublist) ]
Only 5 A (left sublist) ¢ k e kbl
i el |
Will pe 20 T
lmjremented T J I
i
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A (right sublist)

A (left sublist) i
pplicable part of
20(30|40(70 10 | 50 | 60 Algorithm _‘I
T I if (Alil<= A [§])
! {
L temp [k] < A [§]
1020|3040 |50 |60 i & i+]
i k « k+l
k }1
e se
IS¢ part of algorithm ?
gets executed T~ temp [k] « A [5]
i remains as A (left sublist) A (right sublist) J o« J+1
it is but the k « k+1
right sublist 20130(40(70 10| 50 | 60 }
is over s il
i j
A (left sublist) A (right sublist)
20|30 40|70 10|50 | 60 Applicable part of
Algorithm
Ti T While (i<= mid)
. uted | temp [k]¢A[i]
. execC emp Al
10120130 20]50] 60| 70 | w.this part &' =~ 5, 127
ke—k+1

}

This part is executed
as j > high

Finally we will copy all the elements of array temp to array A. Thus array A
contains sorted list.

10 20 30 40 50 60 70 J




while (j<=high) TN
{
temp [k]=A[]];
7 +44
k++;
}
//copy the elements from temp array to A
for (k=low; k<=high; k++)
Alk]=temp[k];

} -

Analysis

In merge sort algorithm two recursive calls are made. Each recursive call focuses

on n/2 elements of the list. After two recursive calls one call is made to combine ty,
sublists i.e. to merge all the elements. We can write it as -

Tn) = T(n/2) +  T(n/2) + Cn

L l d
Time taken Time taken Time for
by left by right combining
sublist to sublist to two soblists
get sorted get sorted

T(n) = O(nlogs,n)

The average and worst case time complexity of merge sort is O(nlog,n).
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String str = getString();
return Integer.parselnt(str);//converting console string to
//numeric value

}
}//end of class

Output
D:\dsf_java>javac MergeSrt.java
D:\dsf_java>java MergeSrtDemo

Program for Merge Sort

How many elements are there?
7

Enter the elements

30
20
10
40
60
70
50

The Elements are...

30
20
10
40
60
70
50

The Sorted Elements are...

10
20
30
40
50
60
10

4.2.7 Radix Sort | B
This is a sorting method in which data is sorted by scanning each digit of every

element. We sort the list based on least significant biAt (LSB) in first pass and then
move towards most significant bit (MSB) which results in sorted data.




J 77%9
Algorithm : -
Read the total number of elements to be sorted. f

Store the unsorted elements in the array.
z

1
2
3. Start sorting the elements digit by digit, starting from LSB to MSB, |
4

Store sorted elements in the array and print them.

For example :
Consider following list of elements 25, 37, 18, 82, 55, 64, 78 we will now ¢gp..
LSB of elements and arrange the data accordingly. ide

f
5 7 8 2| |5 4 8

~
N ~

2 4 5 5 7 8 8

Then corresponding numbers indicated by unit's places are -

82 64 25 55 37 18 78

Now let us consider ten's place of each element and sort the data accordingly

8 6 2 5 3 1 7

U

1 2 3 5 6 7 8

The corresponding numbers indicated by tens places are -

18 125 |37 | 55 [ 64 | 78 | 82

Thus we get a sorted list.

)‘ 4.2.8 External Sorting

When we want to h
andle a large amount of data then it is not possible to sor

important is that such ing is 1
I ‘ such a sorting
ply. What we need is a disk memory to perform sudt

such. a huge data using internal sort. And most
possible using main memory sim
data.

The data stored on
. secondary memory i
sorting can be done o Y 15 part by part loaded in in memo'¥
~ files. Finally these inte‘;re;etdhi:l"fe‘ frﬂh e sorted data can be then stored 1nt c')chr:!laintermediate
huge am € files can be merged repeated] Ths
g ount of data can be sorted using this technj peatedly to get sorted da
que.
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For example :

Consider that there are 10,000 records that has to be sorted. Clearly we need to

apply external sorting method. Suppose main memory has a capacity to store 500
records in blocks, with each block size of 100 records.

10,000 records

i.e. 100 blocks
500 records
Output <=— |.e. 5 blocks » Disk
CQHsj. can be sorted

Main memory
Fig. 4.3
The sorted 5 blocks (i.e. 500 records) are stored in intermediate file. This process
will be repeated 20 times to get all the records sorted in chunks.

In the second step, we start merging a pair of intermediate files in the main
memory t to get output file,
3 F4'FS F6F7 F8F9 F10F11 F12F13 F14 F15 F16 F17 F18 F19 F20

VAVAVAVAVAVAVAVAVAVA

G10
H1
1 I2 13

1
. i’ J1 J2

il A
"

)lﬂl‘

oy
r‘ﬂ“:.

j
,td Sorted
| K1 record




Data Structures anda rilics — ——ﬂ—v
| ”~
4.2.9 Analysis of all the Sorting Method 5: ,
Sorting Best case |Average case| Worst case
Bubble sort o(n’) o(n®) . o(n’) 5
P—Insertion sort o(n) 0(n2) 0("‘2) E
Shell sort o(n) o(nz) o(n2) 1
Heap sort o(n log n) o(n log n) o(n log n) :
Merge sort o(n log n) o(n log n) o(n log n)
Quick sort O(log n) o(log n) o(n2) ‘

a

Sorting is a technique for arranging the data in some order. This arrangemen isg
useful for searching any data from large amount of data storage. This data storage
usually refered as databases. In our real life, dictionary or directiories are the typig
examples of sorted data. Usually sorting can be done using internal sorting or extern
sorting. Real applications of sorting technique is for handling databases.

4.3 Searching Techniques

In this section we will learn some searching techniques. The basic characteristics o
any searching algorithm is - the searching method should be efficient, it should have
less number of computations involved into it as well as the space occupied by such? |
technique should be less. Of course, the most perfect searching technique, having al
the above mentioned properties may not be existing! There must be some compromist
Some good and bad points of every method are there. And so, we will discuss ¢
advantages and disadvantages of each method.

The searching can be done by various methods. In this section we will discus
various techniques such as-

1. Sequential Search.
2. Index sequential Search.

3. Binary Search.

Searching
|
Sszguehqtial Index sequential Binary
rching searching searching |

Fig. 4.5



sential Search

A recofd is defm?dta‘;; tg}ioup of one or more fields which collectively describe

entity " an Ob]?c ' ese records representing distinct entities or objects are
o " one single file. When Some operations are to be performed on these records
records are brot.lg}.lt mto. main memory and are normally stored into an array of
. Now the main issue is when these records are brought into an array how we

distin ish one record from the other. The very simple answer to this is that from

ﬂ . . . .
C;e record itself some field W'lll be taken to differentiate all the records. Such a field is
alled 28 key. For example in the students database all the records of students are

ored. Now these records can be di.s’dnglliShEd from each other by some key let’s say
d numbert. EVE.I‘Y roll number is different and every students record can be
Jentified from his 1'011. number. Here the key field should be roll number only!.
jnagine if set the key field as the name of the student, which is not appropriate to
jtinguish the record from each other. Because- two names can be the same.

Linear search does not expect specific ordering of the data. Infact the data is
qunged in the list. At every iteration the record will be compared with the help of
e key. In this case sometimes all the elements get compared with the key value. All
hough this is an simple searching technique. Some unnecessary comparisons has to be
peformed. This method does not give the satisfactory solution for the system for large
mmber of elements.

The time complexity of this algorithm is O(n). The time complexity will
ncrease linearly with the value of n. For higher value of n the linear search is not the
satisfactory solution.

Array
Roll no Name Marks
0 15 Parth 96
1 2 Anand 40
2 13 Lalita 81
3 1 Madhav 50
4 —_fT Arun 78
5 _—’—;—_——_ Jaya 94

Fig. 4.6 Represents students Database for sequential search

F s

. M the above Fie. 4.6 the array is maintained to store the students record. The
ord g y

t to search the student's record whose roll

h berls. Not sorted at all. If we wan : N e whose Xo
oy 812 then with the key-roll number we will see the every record whether it is

Mumber = 12. We can obtain such a recor




numeric value

}
}//end of class

Output(Run 1)

D:\dsf java>javac SeqSearch.java
D:\dsf java>java SegSearchDemo

Inserting items in the array

The elements are
20

10

30

50

40

60

Enter the elements to be searched
49

The element is present in the list

Output(Run 2)
D:\dsf java>java SegSearchDemo

Inserting items in the array

The elements are
20
10
30
50
40
60

Enter the elements to be searched
98

The element is not present in the 1list

4.4.1 Indexed Sequential Search

Since we are clear with sequential serching lets now got to other type which
‘Indexed Sequential’ searching. There are many advantages of using an ‘indexe?
sequential’ over a normal sequential. Firstly, in an indexed sequential format, W*
maintain two files — 1. Normal sequential file

2. A sorted index file.



. we have another index file which will in

|
|
|
|
¥
i

Sorting & Searching

Whatever is our data we store it ip the se

the id or say the primary key of the sequ

e ;
| hav glar record in the sequential file,

To be more precise let’s take the following example:

quential file and in the index file we
ential file along with the offset of that

We have to maintain grossery details, where in the sequential file we have

jtemno. name price type etc.

To refer to any item if we were usin
scan the entire file to find that particular

this case contain
itemno. offset

g normal sequential file, we would have to
ltem details. But with the indexed sequential

. This will be in sorted format for the index file. Hence whenever we are referring
| to any record, first the index file will be searched. From that search the offset is

| retrieved and the required record can be seek from the séquential file.

Main file

Roll Name Age Marks
=1 12 Parth 16 78
11 Sanket 20 66
- 13 Yash 15 68
10 Lalita 20 55
Ind file 38 | Anagha | 18 88
Roll Offset 82 Shivani 15 90
12 . 78 | Prashant | 20 90
13 " 110 Anand 20 00
2 - 1 Dinesh 18 35
15 - 4 Joseph 17 51
e N 7 Juhi 17 48
»{ 14 | Rajashri | 16 37
18 Yusuf 16 54
= 15 | Anuradha | 15 64
19 Kavita 20 79

_‘-"V\NMM

Fig. 4.7 Index sequential file
Advantages of Indexed Sequential Search :

L More efficient than sequential file.
< Time required is relatively less than sequential files.

Disadvantages .

Maintaining two files relatively increases t

he overhead.
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4.5 Binary Search
Example :

As mentioned earlier the necessity of this method is that all the elements Shoul
(

be sorted. So let us take an array of sorted elements.
array

0 1 2 3 4 5 6 7
~40 | 1 33 37 42 45 99 100

Step 1: Now the key element which is to be searched is = 99 .- key = 99,
Step 2 : Find the middle element of the array. Compare it with the key

Array
o 1 2 3 4 5 6 7 if middle ? key
—40| 11| 33| 37| 42| 45 99 [ 190 =
T ie. if 42 ? 99
Sub list 1 . Sub list 2 if 42 < 99 search the sublist 2
Middle
element
Array Now handle only sublist 2. Agai
4 S5 6 7 divide it, find mid of sublist 2
----1 45| 99 [ 190
— T —
Sub Sub
list 1 list 2 if middle ? key
Middle ie if 99 ? 99
element =
Array
e 58 So match is found at 7% position of
----1 45| 99 | 190

array i.e. at array [6]
Key = 99

Thus by binary search method we can find the element 99 present in the given s
at array [6]" location.

Algorithm For Binary Search Using Recursive definition:
if(low>high)

return;

mid =(low+high)/2;

if(x==a[mid])

return (mid);

if(x<a[mid])

search for x in a[low] to a[mid-1];

[

Mo U R D
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8. else
9. search for x in a[mid+1] to a[high;

java pProgram
kKRR ko ok ok ko ko ko ok K kK kK ok kK kK Kk Kk kK K ok ko ok
program for searchlnglthe number by Binary search. The list
of numbers shou}d be in ascending order. The program also
shows the location at which the number is present(if at all)
******************************************************************/
(mport java.io:*;
import java.util.*;
class BinSearch

{

private int size;

private int([] a;

private int index;

public int n=0;

e e e B I 15 e i A S B S S i e s e e
// constructor defined
S ————
public BinSearch(int Max)

{

size = Max;

a = new int([size];

index=0;

}
R LR EEEEES S
/1 inserting an element in the array
e s e s o e o e L e S e e S e e e

public void insert(int val)
{
try
{
al[index++] = val;
n=index;
}catch (Exception e)
{
System.out.println(“e-QEtMessage")i
}
}
e e e i B
/1 Searching the element by Binary search

—— - g

Public void Search(int low,int high,int key)
{

int mig;

1f (low>high)

{




4.6 Analysis or cearching AlYYIRIT=
have discussed basic searching algorithms, its a time to analyze whig 0

Asf V\;e a d slower algorithm. Normally, sequential search has a Poor ﬁnQ

i aster an ; : ‘ k
::sor: lexity than index sequential search. And Binary Sf:a'rch is supposed t, be te
efficint algorithm as compare to other. Here is a time efficiency of these algOritth i

Searching Algorithm Time Complexity

Sequential search 0 (n)

Binary search 0 (logn)

4.7 Hashing

Hashing is an effective way to reduce the number of comparisons. AC’fually
hashing deals with the idea of proving the direct address of the record where the
record is likely to store. To understand the idea clearly let us take an example-

Suppose the manufacturing company has an inventory file that consists of lesg
than 1000 parts.Each part is having unique 7 digit number.The number is called key

. and the particular keyed record consists of that part name.lf there are less than

|

1000 parts then a 1000 element array can be used to store the complete file.Such 4
array will be indexed from 0 to 999.Since the key number is 7 digit it is converted

'f’ 3 digits by taking only last three digits of a key.This is shown in the Fig. 4.8.

(See Fig. 4.8 on next page.)

Observe in Fig. 4.8 that the first key 496700 and it is stored at Of" position. The
second key is 8421002. The last three digits indicate the position 2" in the array. Let
us search the element 4957397. Naturally it will be obtained at position 397. This
method of searching is called hashing. The function that converts the key (7 digit) ink
array position is called hash function.

Here hash function is
h{key) = key % 1000

Where key %1000 will be the hash function and the key obtained by hash functio
is called hash key.

Collision : From above discussion it is now clear that the hash function is that
-functlon which simply takes some value as key value, performs some computations

'from th.at location. Now this function can be anything. The programmer has to des?gﬂ
1t on his own. Such functions are to be designed very carefully and main pfecauﬂon
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0

4
2
3

395
396
397
398
399
400
401
402
403
404
405
406
407

408

990
991
992
993
994
995
996
997
998
999

Key

Record

4618396

4957397

1286399

Er__~“““‘~hk :

0000990

0000991

1200992

0047993

9846995

4618996

4967997

0001999

Fig. 4.8 Hashing

L €
%
W

S e
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gy,
the same key address (same has) ' :

at it should not return - ' |
The situation in which the hash function returns Sys)%

. o A\
) for more than one records 18 called COH}Slon‘ Note (I)ne.
design for the hash functions. g

for such functions is th
for two different records.

addresses (same hash keys) ¢
thing that occurrences of collision mean poor

Rules for Choosing Good Hash Function

1. The hash function should be simple to compute. |
7. Number of collisions should be less while placing the. record in the hashj‘
table. Ideally no collision should occur. Such a function is called perfect hagy |
function. )

3. Hash function should produce such keys which will get distributed uniforyj
over an array. |

4 The hash function should depend on every bit of the key. Thus the hash?.
function that simply extracts the portion of a key is not suitable. '[

If collisions occur then it should be handled by applying some techniques, suchz |
technique is called collision handling techniques. Let us discuss these in detail. g

4.8 Collision Handling Techniques

1. Linear Probing

When collision occurs i.e. when two records demand for the same location in ’theé[
hash table, then the collision can be solved by placing second record linearly down |
whereever the empty location is found.

For example : Consider the elements 131, 21,31, 4,5, 7,8, 61.

Index data

0 |
1 131 \
2 21 i
3 31 1’.
4 4 {
S 5

6 61

7 7

8 8

9

. Fig. 4.9 Linear Probing
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In the hash J,[abh.e given in Fig. 4.9 the hash function used is number % 10. If the
first number which is to be placed is 131 then 131%10 = 1. i.e. remainder is 1 so hash
key = 1. That means we are supposed to place the record at index 1. Next number is
21 which gives }-1ash key =1 as 21 % 10 = 1. But already 131 is placed at index 1. That
means collision is occurred. We will now apply linear probing. In this method, we will
search the place for number 21 from location of 131. In this case we can place 21 at
index 2. Then 31 at index 3. Similarly 61 can be stored at 6 because number 4 and 5
are stored before 61. Because of this technique, the searching becomes efficient, as we
nave to search only limited list to obtain the desired number.

9. Chaining without replacement

In collision handling method chaining is a concept which introduces an additional
field with data i.e. chain. A separate chain table is maintained for colliding data. When
collision occurs we store the second colliding data by linear probing method.The
address of this colliding data can be stored with the first colliding element in the
chain table, without replacement.

For example consider elements

131,3,4,21,61,6,71,8,9

Index | Data

0

1 131

21

61

71

2
3
4
5
6
7
8

8

9 9

Fig. 4.10 Chaining without replacement
i From the example, you can see that the chain is maintained the number who
Mands for location 1. First number 131 comes we will place at index 1. Next comes
“Ut collision occurs so by linear probing we will place 21 at index 2, and chain is
Mtaineq by writing 2 in chain table at index 1 similarly next comes 61 by linear
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probing we can place 61 at index 5 and chain will be maintained at index 2. Thy -
element which gives hash key as 1 will be stored by linear probing at empty IOCation
but a chain is maintained so that traversing the hash table will be efficient.

The drawback of this method is in finding the next empty location. We are leagy
bothered about the fact that when the element which actually belonging to that emp
location can not obtain its location. This means logic of hash function gets disturbeq

3. Chaining with replacement

As previous method has a drawback of loosing the meaning of the hash function,
to over come this drawback the method known as changing with replacement j
introduced. Let us discuss the example to understand the method. Suppose we have ¢,
store following elements :

131, 21, 31, 4, 5

0 -1 -1
1 131 2
2 21 3
3 31 -1
4 4 -1
5 5 -1
7
8
9

Now next element is 2. As hash function will indicate hash key as 2 but already at
index 2. We have stored element 21. But we also know that 21 is not of that posi’ciOn
at which currently it is placed.

Hence we will replace 21 by 2 and accordingly chain table will be updated. Se¢
the figure :

Index data chain
0 -1 1
1 131 6
2 2 -1




31

The value -1 in the hash table and chain table indicate the empty location.

The advantage of this method is that the meaning of hash function is preserved.
But each time some logic is needed to test the element, whether it is at its proper

position.



