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Data Structures and Algorithms

Agenda

Merge Sort

» Proof of Correctness
» Time Complexity
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Merge Sort

Divide—-Conquer—Combine Approach

» Divide the input into a number of subproblems.
» Conquer the subproblems by solving them recursively.

» Combine the solved subproblems to return the solution to
the original problem.
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Merge Sort

Input: A[Ll : n]
» Divide A[1: n] into A[1: [n/2]|] and A[|n/2| +1: n]
» Recursively run Merge Sort on A[l : |n/2]] and
Alln/2] +1: n]
» Merge the two sorted arrays to sort A[l : n]

Output: A[L : n] is sorted.
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Merge Sort

MERGE-SORT(A, p,r)

1 ifp>r // zero or one element?

2 return

3 g=\(p+r)2] // midpoint of A[p:r]

4 MERGE-SORT(4, p.q) // recursively sort A[p :q]

5 MERGE-SORT(A,q + 1,r) // recursively sort Alg + 1:7]
6 // Merge A[p:q]and A[g + 1:r]into A[p:r].

7 MERGE(A, p,q,r)
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Merge Sort

MERGE(A, p,q.r)
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np=g—p+1 // length of A[p:q]
ng=r—q // length of Afg + 1:r]
let L[0:n; — 1] and R[0:ng — 1] be new arrays
fori = 0ton;, —1 // copy A[p:q]into L[0:n; — 1]
Lli] = Alp +i]
for j =0tong—1 // copy Alg + 1:r]into R[0:ng — 1]
R[j] = Alg +j +1]

i=0 // i indexes the smallest remaining element in L

Jj=0 // j indexes the smallest remaining element in R
k=p // k indexes the location in A to fill

// As long as each of the arrays L and R contains an unmerged element,

/4 copy the smallest unmerged element back into A[p:r].
whilei < ny and j <ng
if L[i] < R[/]
Alk] = LIi]

i =i+1
else A[k] = R[j]
j=7j+1

k=k+1
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Merge Sort

// Having gone through one of L and R entirely, copy the
/" remainder of the other to the end of A[p:r].
while i < ny,

Alk] = L[i]

i=1i+1

k=k+1
while j < ng

Alk] = R[j]

J=J+1

k=k+1
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Proof of Correctness

Time Complexity
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Merge Sort

Proof of Correctness
» Prove by Induction on the size of the array
» What about the Merge function?
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Merge Sort

Time Complexity
» Recurrence Relation
(1) =9e(1)
T(n) =2T(n/2) + ©(n)



