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Merge sort
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Merge sort
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Merging sorted lists

def merge(A,B):
(m,n) = (len(A),len(B))
(C,i,j,k) = ([],0,0,0)
while k < m+n:
if i == m:
C.extend(B[j:])
k = k + (n-j)

elif j == n:
C.extend(A[i:])
k = k + (m-i)

elif A[i] < B[j]:
C.append(A[i])
(i,k) = (i+1,k+1)

else:
C.append(B[j])
(j,k) = (j+1,k+1)

return(C)
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Merge sort

def merge(A,B):
(m,n) = (len(A),len(B))
(C,i,j,k) = ([],0,0,0)
while k < m+n:
if i == m:
C.extend(B[j:])
k = k + (n-j)

elif j == n:
C.extend(A[i:])
k = k + (m-i)

elif A[i] < B[j]:
C.append(A[i])
(i,k) = (i+1,k+1)

else:
C.append(B[j])
(j,k) = (j+1,k+1)

return(C)

def mergesort(A):
n = len(A)

if n <= 1:
return(A)

L = mergesort(A[:n//2])
R = mergesort(A[n//2:])

B = merge(L,R)

return(B)
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large cono gap !



Merge sort analysis
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Let T(n) be time to merge sort input of sizea

T(n) = 2+(n/2) + m
L
Merge

T(i) =T(0) = 1



Merge sort analysis
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Merge sort analysis
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After k steps

2 +(1) +k k = logan

logn +1) + llognia=
~

n. 1 + n . logn -> O(nlogn)



Merge sort analysis

Madhavan Mukund Lecture 20, 29 October 2024 PDSP Lecture 20 5 / 12

Work
Rectorially
-N T
-- V2 1

Yo----4/4 U

I

! &

----
- "logh N



Merge sort analysis
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Divide & Conquer
Break up int disant subproblems

Combine subpart solutions



Divide and conquer without merging
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Quicksort
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l 0 .. n-1

pirot = e[o]

lower : [x for x in 191 :] of a < pivot]

upper
= <y for y in 191 :] If y = pivit]



Quicksort
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def quicksort (e) :
If len(e) <= 1 :

return (e)

pirot = e[o]

lower : [x for x in 191 :] of a < pivot]

upper
= <y for y in 191 :] If y = pivit]

return /quicksort (lower) + [pint] + quicksort(upport)



Quicksort
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Partitioning
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Partitioning
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Quicksort code

def quicksort(L,l,r): # Sort L[l:r]
if (r - l <= 1):

return(L)
(pivot,lower,upper) = (L[l],l+1,l+1)
for i in range(l+1,r):

if L[i] > pivot: # Extend upper segment
upper = upper+1

else: # Exchange L[i] with start of upper segment
(L[i], L[lower]) = (L[lower], L[i])
# Shift both segments
(lower,upper) = (lower+1,upper+1)

# Move pivot between lower and upper
(L[l],L[lower-1]) = (L[lower-1],L[l])
lower = lower-1
# Recursive calls
quicksort(L,l,lower)
quicksort(L,lower+1,upper)
return(L)
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Quicksort analysis
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T(m)= T(lower) +T(upper) + n
12

If pirot is smallest O n-1

or largest n-1 O

T(n) = T(n-) + n Same as Insect Sort

= It = +M +n = 0(nz)



Randomized quicksort
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Averagecase

Cong Only order matters

Input of sizen permutation of [1- -n]

Expected true of quicksolf is O(nlogn)



Randomized quicksort
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For
any fixed strategy to choose piot

- Position layest/smallest value there
- Produce worst case is input

Pick it [0--n-1] uniformly at random

Use Iti) as pirt -> Swap eti) & CT0]
proced as before



Stable sorting
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First sort byrll number
then sort by marks

Equal marks -> sorted by rollmute



Stable sorting
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Selection sout

Merge Ati] < B[i]
221

is stable
D-v

Ai] < B[i]
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Is not



Stable sorting
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Theorched lower bound of Oh log n)

Assuming only compare
& swap


