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Merge Sort
· Merging is the process of combining two or more sorted array into a third sorted array
· Apply divide-and-conquer to sorting problem
· Divide the array into approximately n/2 sub-arrays of size two and sort the elements in each sub array
· Merging each sub-array with the adjacent sub-array will get another sorted sub-array
· Repeat this process until there is only one array remaining of size n
· Since at any time the two arrays being merged are both sub-arrays of A, lower and upper bounds are required to indicate the sub-arrays being merged

· Let A be an array of n number of elements to be sorted A[1], A[2] ...... A[n]
· Step 1: Divide the array A into approximately n/2 sorted sub-array, i.e., the elements in the (A [1], A [2]), (A [3], A [4]), (A [k], A [k + 1]), (A [n – 1], A [n]) sub-arrays are in sorted order
· Step 2: Merge each pair of pairs to obtain the following list of sorted sub-array
· The elements in the sub-array are also in the sorted order
· (A [1], A [2], A [3], A [4)),...... (A [k – 1], A [k], A [k + 1], A [k + 2]), ...... (A [n – 3], A [n – 2], A [n – 1], A [n]).
· Step 3: Repeat the step 2 recursively until there is only one sorted array of size n

Analysis of the merge operation
· The basic operation is: compare two elements, move one of them to the workspace array
· This takes constant time
· We do this comparison n times
· Hence, the whole thing takes O(n) time
· Now we move the n elements back to the original array
· Each move takes constant time
· Hence moving all n elements takes O(n) time
· Total time: O(n) + O(n) = O(n)
· So far, we’ve found that it takes O(n) time to merge two sorted halves of an array
· How did these subarrays get sorted?
· At the next level down, we had four subarrays, and we merged them pairwise
· Since merging arrays is linear time, when we cut the array size in half, we cut the time in half
· But there are two arrays of size n/2
· Hence, all merges combined at the next lower level take the same amount of time as a single merge at the upper level
· So far we have seen that it takes
· O(n) time to merge two subarrays of size n/2
· O(n) time to merge four subarrays of size n/4 into two subarrays of size n/2
· O(n) time to merge eight subarrays of size n/8 into four subarrays of size n/4
· Etc.
· How many levels deep do we have to proceed?
· How many times can we divide an array of size n into two halves?
· log2n, of course
· So if our recursion goes log n levels deep...
· ...and we do O(n) work at each level...
· ...our total time is:  log n * O(n)...
· ...or in other words,
            O(n log n)
· For large arrays, this is much better than Bubblesort, Selection sort, or Insertion sort, all of which are O(n2)
· Mergesort does, however, require a “workspace” array as large as our original array
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