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Merge Sort Algorithm

Merge Sort is a kind of Divide and Conquer algorithm in computer programming.
It is one of the most popular sorting algorithms and a great way to develop confidence in building recursive algorithms.

Divide and Conquer Strategy

Using the Divide and Conquer technique, we divide a problem into subproblems. When the solution to each
subproblem is ready, we ‘combine’ the results from the subproblems to solve the main problem.

Suppose we had to sort an array A. A subproblem would be to sort a sub-section of this array starting at index p and
ending at index r, denoted as A[p..r].

Divide

If q is the half-way point between p and r, then we can split the subarray A[p..r] into two arrays A[p..q] and A[g+1, r].
Conquer

In the conquer step, we try to sort both the subarrays A[p..q] and A[g+1, r]. If we haven't yet reached the base case,
we again divide both these subarrays and try to sort them.

Combine

When the conquer step reaches the base step and we get two sorted subarrays A[p..q] and A[g+1, r] for array A[p..r],
we combine the results by creating a sorted array A[p..r] from two sorted subarrays A[p..q] and A[g+1, r]
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The MergeSort Algorithm
The MergeSort function repeatedly
divides the array into two halves
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until we reach a stage where we try
to perform MergeSort on a
subarray of size 1 i.e.p ==r.

After that, the merge function
comes into play and combines the
sorted arrays into larger arrays until
the whole array is merged.

10-5-2023

MergeSort(A, p, r)

If p>r
return,
g = (p+r)/2;

mergeSort(A, p, q)
mergeSort(A, gq+l, r)
merge(A, p, q, r)
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To sort an entire array, we need to call MergeSort(A, 0, length(A)-1).
As shown in the image below, the merge sort algorithm recursively divides the array into halves
until we reach the base case of array with 1 element. After that, the merge function picks up the
sorted sub-arrays and merges them to gradually sort the entire array.

A[0..3]
A [o..1i A fLB}
A[0.0]* AMLAF A2 A B3]
A‘[O..'ﬂ* A2.30*
Ab[‘O 3]*
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Writing the code for merge algorithm
A noticeable difference between the merging step we described above and the one we
use for merge sort is that we only perform the merge function on consecutive sub-
arrays.
This is why we only need the array, the first position, the last index of the first
subarray(we can calculate the first index of second subarray) and the last index of
second subarray.
Our task is to merge two subarrays A[p..q] and A[g+1..r] to create a sorted
array A[p..r]. So the inputs to the function are A, p, gand r
The merge function works as follows:
1. Create copies of the subarrays L < A[p..q] and M — A[g+1..1].
2. Create three pointers i,j and k
i maintains current index of L, starting at 1
*j maintains current index of M, starting at 1
*k maintains current index of A[p..q], starting at p
3. Until we reach the end of either L or M, pick the larger among the elements
from L and M and place them in the correct position at A[p..q]
4. When we run out of elements in either L or M, pick up the remaining elements and
put in A[p..q]
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}/0|d merge(int A[], int p, int g, intr) else

/* Create L & Alp..q] and M & A[g+1..r] */ { arr[k] = Mjl;

!ntn1=q-p+1; j++;

intn2=r-q; }

; k++;

int L[n1], M[n2]; }

for (i=0;i<nl;i++)
L[i] = Alp +il;

for (j =0; j < n2; j++)
M[j] = Alg + 1 +j];

/* When we run out of elements in either L or M, pick up the
remaining elements and put in A[p..r] */
while (i < n1)

/* Maintain current index of sub-arrays and main array */ t ALK = L[i];
In_t I;.J; kr i++'-
! =0; k++;
i=0; }
k=p;
while (j < n2)
/* Until we reach either end of either L or M, pick larger among {
elements L and M and place them in the correct position at A[k] = M[j];
Alp..r] */ Jt;
while (i< nl1 &&j<n2) k++;
{ }
if (L[i] <= MI[j]) }
{
arr[k] = L[i];
i++;
}
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Merge function explained step-by-step
There is a lot happening in this function, so let's take an example to see how this

would work.
As usual, a picture speaks a thousand words.

_______________________

_______________________

The array A[0..8] contains two sorted subarrays A[1..5] and A[6..7]. Let us
see how merge function will merge the two arrays.

void merge(int A[], int p = 1, int q = 4, int 6)

{
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Step 1: Create duplicate copies of sub-arrays to be sorted
/* Create L « A[p..q] and M « A[g+l..r] */
nl =4 -1+ 1 =4,
ng = 6 -4 =12,
int L[4], M[2]; A 1 510 12 6 9
for (i = @; 1 < 4; i++) L 1 510 12
L[1] = Alp + i];
/* L[0,1,2,3] = A[1,2,3,4] = [1,5,10,12] ¥/ v 6

for (3 = 8; J < 2; j++)
M[i] = Alg + 1 + J];
/* m[e,1,2,3] = A[5,6] = [6,9]
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Step 2: Maintain current index of sub-arrays and main array

int i, j, k;

i = 8;
j =9
k = p;

-51012 .9 !5101269
A

1=0 =0 k=
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Step 3: Until we reach end of either L or M, pick larger among elements L and M
and place them in the correct position at A[p..r]

while (i < nl & j < n2) { !51012 !9 !5 0 122 6 9
if (L[i] <= M[3D {

A[k] = L[i]; i++; = J= x=1
ilﬁe{ 1!10 12 !9 .-10 12 6 9
Alk] = M[3]; j=1 3=0 S
J++;
i++; 9 5 ! 12 ! 9 ..- 12 6 |9
h i= 3=0 k=3
1 5 . 12 6 . -
* s
i= j=1 k=4
1 sz s o ....- 9
i j:2 Ry
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Step 4. When we run out of elements in either L or M, pick up the
remaining elements and put in A[p..r]

/* We exited the earlier loop

because j < n2 doesn't hold */
while (i < nl) 1 & . 12

{ A

Alk] = L[il]; i=

WEEEE
k=5
i+
= owl | AEEEEE
h

i:3 k=6
151012A ..l..lA
i=4 k=17
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/* We exited the earlier loop because i < nl doesn't hold */

while (j < n2)

{
Alk] = M[3];
J++;
k++;

¥

o mEEEEE

=2 k="7

This step would have been needed if size of M was greater than L.
At the end of the merge function, the subarray A[p..r] is sorted.
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