Consider a set of elements {12,34,56,73,24,11,34,56,78,91,34,91,45}. Sketch the MIERGESORT
. 2
aigoritim. COMplexity worst case T(n) = O(n?).

/IThere is a global array a, which has the elements in a[1..n]

call mergesort(1,n);
exit.

//The meregesort function
Void mergesort(int left, int right)

if (left < right) {
//there is more than one element to be sorted
int mid = floor((left + right)/2));
call mergesort(left, mid);
call mergesort(mid+1, right);
call merge(left, mid, mid+1, right);

}

return( 0 );

SIMULATION OF MERGESORT

INITIAL CALL ON mergesort.(1,13)

1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
right
left
1 2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
T right
left mid
imid =7

call mergesort(1,7)
call mergesort(8,13)

First call mergesort(1,7)


http://www.gateguru.org/algorithms/mergesort_analysis.pdf

1 2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
mid
left right
mid = fHoor((1+7)/2) =4
call mergesort(1,4)
call mergesort(5,7)
First call mergesort(1,4)
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
mid
left right
mid = floor((1+4)/2) =2
call mergesort (1,2)
call mergesort(3,4)
First call mergesort(1,2)
[
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
An
|
[
|
lefi
r((112)/2) =1
mid right
Firstlcall 1)
[
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
An
|
[
|
lefi

right




As there is only one element to be sorted control goes back to mergesort.

Call mergesort(2,2).
]
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
u A
]
]
]
left
right
As there is only one element to be sorted control goes back to mergesort.
NOW we cal merge(left, mid, mid+1, right)=mid(1, 1, 2, 2)
2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
A A4
left
mid
ight
mid+1
I
This sort the elements in 1 to 2.
2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45




Control goes back to mergesort.

Call mergesort(3,4)
1T
1 2 3 i 5 6 7 8 9 10 11 12 13
12 34 56 173 24 11 34 56 78 91 34 91 45
A| |A
ih
1l
lef]
right
mid
mid = floor((3 + 4)/
call mergesort(3,3)
call mergesort(4,4)
First call mergesort(3,3)
i
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 173 24 11 34 56 78 91 34 91 45
AY
ih
1l
lefi
right
As there is only one element to be sorted this returns control to mergesort.
Call mergesort(4,4)
p
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 173 24 11 34 56 78 91 34 91 45
LAA
ih
1l
lef]

right




As there is only one element to be sorted this returns control to mergesort

NOW CALL merge(left, mid, mid+1, right) = merge(3, 3, 4, 4)

i
1 2 3 % 5 6 7 8 9 10 11 12 13
12 34 56 173 24 11 34 56 78 91 34 91 45
A ATAA
ih
1l
left
— mid
right
mid+1
T
This merges and results in a sorted list from 3 to 4
1 2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
Control returns tél meresort.
NOW CALL merge(left, mid, mid+1, right) = merge(1, 2, 3, 4)
1 2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
A A A
left
mid mid+1 ht
|
This results in a sorted list from 1 to 4
1 2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45




Call mergesort(5,7)

2 3 4 5 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
! T
|
oft Iight
mid = floor((5 + 7)/2) =6 mid
call mergesort(5, 6)
call mergesot(6,7)
First call mergesort(5,6)
2 3 4 5 16 7 8 9 10 11 12 13
12 34 56 73 24 A I u 34 56 78 91 34 91 45
leff | right
mid = floor((5 + 6)/2) =5 d
call mergesort(5,5) m
call mergesort(6,6)
call mergesort(5,5)
1 2 3 4 5 e 7 8 9 10 11 12 13
12 34 56 73 24 Q11 34 56 78 91 34 91 45
| |
left

right




This returns back as one element is always sorted.

Call mergesort(6,7)
I *
1 2 3 4 5 G 7 8 9 10 11 12 13
12 34 56 73 24 11 34 56 78 91 34 91 45
2 2 2
left f
mid
mid = floor((6 + 7)/2) =6 right
call mergesort(6,6)
call mergesort(7,7)
First call mergesort(6, 6)
I 2
2 3 4 5 G 7 8 9 10 11 12 13
12 34 56 73 24 Q11 34 56 78 91 34 91 45
144
X left
right

As there is only one element to be sorted, n

ke and control returns.




Call mergesort(7,7)

I *
2 3 4 5 16 7 8 9 10 11 12 13
12 34 56 73 24 [ 11 34 56 78 91 34 91 45
I left
right
As there is only one element to be sorted, control returns without doing anything.
NOW CALL merge(left, mid, mid+1, right) = merge(6, 6, 7, 7)
I *
1 2 3 4 5 16 7 8 9 10 11 12 13
12 34 56 73 24 | }1 34 56 78 91 34 91 45
| A
L1 ?
mid
This results in elements 6 to 7 being merged, and a sorted list results from element 6 to element 7.
1 2 3 4 5 16 7 8 9 10 11 12 13
12 34 56 73 24 [ 11 34 56 78 91 34 91 45

Control returns to mergesort.
NOW CALL merge(left, mid, mid+1, right) = merge(5, 5, 6, 7)




N
[e)}

2 3 4 5 - 7 8 9 10 11 12 13
12 34 56 73 24 Q11 34 56 78 91 34 91 45
Al
mid+1
left
right
mid
This results in
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 11 24 34 56 78 91 34 91 45
Now control returns to mergesort.
Call merge(left, mid, mid+1, right) = merge(1, 4, 5, 7)
1 2 3 4 5 6 7 8 9 10 11 12 13
12 34 56 73 11 24 34 56 78 91 34 91 45
mid
right

Simulation of merging.

Initial

Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

12 11
34 24
56 34
73

Compare(12,11) and move 11




Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

12
34 24
56 34
73

11

Compare(12,24) and move 12

Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

34 24
56 34
73

12

11

Compare(34,24) and move 24

Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

34

56 34

73
24
12
11

Compare(34,34) and move 34

Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

34

56

73
34
24
12

11




Empty out list on the left to the sorted list at the right.

Sorted list a[1..4]

Sorted list a[5..7]

Sorted list[1..7]

73
56
34
34
24
12
11
Sorted list 1..7
2 3 4 5 6 7 8 9 10 11 12 13
11 12 24 34 34 56 73 56 78 91 34 91 45
Call mergesort(8,13)
Sorted list 1..7
m
1 2 3 4 5 6 7 8 9 10 11 12 13
11 12 24 34 34 56 73 56 78 91 |: 34 91 4
|
"
left mid
right
mid=floor((8, 13)/2) = 10
call mergesort(8, 10)
call mergesort(11, 13)
First call mergesort(8,10)
Sorted list 1..7
m
2 3 4 5 6 7 8 9 10 M 11 12 13
11 12 24 34 34 56 73 56 78 91 |: 34 91 45
A T
|
® "
left

right




mid=floor((8 + 10)/2) =9
call mergesort(8, 9)
call mergesort(9, 10)

First call mergesort(8,9)

Sorted list 1..7

mid

3 4 5 6 7 8 9 10 11 12 13
11 12 24 34 34 56 73 56 78 91 I 34 91 45
A T
|
"
left
right
mid
mid = floor((8 + 9)/2) =8
call mergesort(8, 8)
call mergesort(9, 9)
First call mergesort(8,8) which returns control as one element is always sorted
Then call mergesort(9,9) which returns control as one element is always sorted.
Sorted list 1..7
[
1 3 4 5 6 7 8 9 10 11 12 13
11 12 24 34 34 56 73 56 78 91 I 34 91 45

NOW CALL merge(8, 8, 9, 9)
This results in

Sorted list 1..7




1 3 4 5 6 7 8 9 10 11 12 13
11 12 24 34 34 56 73 56 78 91 T34 91 45
|
®
Call on mergesort(10,10) returns without doing anything as only one element is to the sorted.
NOW CALL merge(8, 9, 10, 10) which results in
Sorted
List 8..10
Sorted list 1..7
> I
1 3 4 5 6 7 8 0 M1 12 13
11 12 24 34 34 56 73 56 78 91 |: 34 91 45
|
"
Now control returns to mergesort
Call mergesort(11,13)
Sorted
1 12, 13
11 91 45
ight
mid '8

mid = floor((11+13)/2) = 12
call mergesort(11, 12)
call mergesort(13, 13)

First call mergesort(11, 12)




Sorted

1 3 4 5 6 7 8 9 10
11 12 24 34 34 56 56 73 78 91

) mid
mid = floor ((11 + 12)/2) =11

call mergesort(11, 11)

call mergesort(12, 12)

Both the above calls return doing nothing as only one element is to be sorted.

NOW call merge(11,11,12,12) = merge(left, mid, mid+1, right)

Sorted
Sorted a[1..10] List 8..10
; 13
o 45
right
mid
This results in midt
a[11.12]
sorted
Sorted
Sorted a[1..10] List 8..10
12 13

91 45




Control returns to mergesort which now calls mergesort(13,13), which call returns control without doing anything as
one element is always sorted.

a[11.12]
sorted

Sorted
A[13,13]

Sorted

Sorted a[1..10] List 8..10

NOW CALL merge(left, mid, mid+1, right) = merge(11, 12,13,13) which results in the situation shown belo

a[11.13]
sorted
Sorted
Sorted a[llO] List 8..10
Ijl
1 2 : e — L 12 13
11 12 |34 34 [56 78 91 T34 45 91

Now call merge(left, mid, mid+1, right) = merge(8, 10, 11, 13)
This results in

Sorted a[1..10] Sorted
List 8..13
S ' ~ '
1 2 3 4 5 6 7 8 9 10 11 12 13




FINALLY CALL merge(left, mid, mid+1, right) = merge(1, 7, 8, 13)

Sorted a[1..10] Sorted

List 8..13

Simulation of the final merge

Initial

mifd+1

1 3 4 5 6 7 8 9 10 11 12 13

11 12 24 34 34 56 56 34 45 73 78 91 91
A

left right

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

11 34
12 45
24 73
34 78
34 91
56 91
56

Compare (11,34) and send 11 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

34
12 45
24 73
34 78
34 91
56 91

56




11

Compare (12,34) and send 11 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

34

45
24 73
34 78
34 91
56 91
56

12

11

Compare (24,34) and send 24 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

34

45

73
34 78
34 91
56 91
56

24

12

11

Compare (34,34) and send 34 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

34

45
73
78
34 91
56 91
56
34
24
12

11




Compare (56,34) and send 34 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

45
73
78
91
56 91
56
34
34
24
12
11

Compare (56,45) and send 45 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

73
78
91
56 91
56
45
34
34
24
12
11

Compare (56,73) and send 56 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

73
78
91
91 56
56 45
34
34
34
24
12
11

Compare (56,73) and send 56 to the output

Sorted input a[1..7]

Sorted inptua[8..13]

Sorted output a[1..13]

78




91 73

91 56

45

34

34

34

24

12

11

Empty out the second file to the output to obtain the sorted file.

Sorted input a[1..7] Sorted inptua[8..13] Sorted output a[1..13]

91

91

78

73

56

45

34

34

34

24

12

11

THE FINAL SORTED FILE IS GIVEN BELOW

1 2 3 4 5 6 7 8 9 10 11 12 13

11 12 24 34 34 34 45 56 56 73 78 91 91

right
left




THE CALLING SEQUENCE

.4

MS(1,13)

- 38 39 \ 40 m
2 / MS(1,7) MS(8,13) M(1,7,8,13)
o N 36
22 23
MS(5,7) M(1,7,8,13)
MS(1,4)
3
9
19 21
MS(1,2) MS(3,4) M(1,2,3,4)
7y 7 11 20
4 5
* 6 8 \ 1
MS(1,1) MS(2,2) M(1,1,2,2) 14 16 17 18
13
MS(3,3) MS(4.4) M(1,3,4,4)
A
23 36
N\
24 / K 35
Z 7/
31 34
AN <.l
MS(5,6) MS(7,7) M(1,3,4,4)
28
30
25 26 27
[ 29
MS(5,5) MS(6,6) M(1,3,4,4)




