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Merge 2 sorted list of sizen in O(n) time

toset a list

Recursively sort two halves

Mage them
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Merge l, & 12
Not easy

- to make
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Not easy to avoid recursive calls



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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-(A)= (B) =1
TM(n) = Mergingn elements = 2n

TS(n) = Sortina
elements

Ts(0) = iS(i) = 1

is (n) = 2 . +Scule) +M2) n
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TS(n) = 2.(2) + n

2·[2 · is (4/2)/2)+/2) + n
2?/2) + In-- -

2

2 (2 · Ts (n/23) + 4/22] + 2n
23 .TS(n(23)+ 3n
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After expanding he times

is(n) = 24 Ts (n/(k) + En

is(n) = n - TS(1) + logenin
2n + nlogah k = log↑
= O(nlogen)



Merge sort analysis

Madhavan Mukund Lecture 21, 29 October 2026 PDSP Lecture 21, 29 Oct 2026 4 / 11

Another way
to see this
-

- I n steps

1- >k- >!
[

M(2+2/2 =x

logn (-12-31-312-] I = 1
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1 3572468

What if everything on left was smaller tran

everything on the right How ?

Answer = sort (left) + subfrights
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Suppose we knew the median value

Left media ) One pass
O(n)

left = [x/ fori in - If u < = median]]right-[x) for se in 1 if x mechan]
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How do we know the nicdam?

Sort & check middle value

Compromise Pick some value and use it to split
-

Typically chare 190] to split

Split &[1 :] not 190]
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left (or lower) =(x) for i in 191 :] If x c= e505].

right (on uppen] = [sel for a in 191 :] If x > e50])

sort (lower) Sort (tower + [C(07] +
Sort Supper)

Sort(upper)
Splitter Pint
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If pirt/splitte is approx mechan every time

0 (n - logn)
Space ?
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= C
.
A . R. Hoare

cos)MemGrade a
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/Inductively
*port

xE splitter-swap with first in emply eveuda
* > splitter - expand upper
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sort (Iowa) + [eT0]] + sort (upper)

Befor recursion

[splitter) unsufed lower) unsorted uppe]
[-

Consorted lower (splitter/uneateduppes
-
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Anothe pattifung schem

Esplutter /
essplatten Esplitter J
N y
--

> splutte
Esplitte
- &


