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Quicksort, partitioning
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Choose a pirot/splitter - e.g. ICO]

lower = [x/ for u in 191 :3 If u c = eT0]]

apper = [e 1 for e in 1911] If < e(0]]

sort (lower) + [e(03] + sat (upper)
-Extra space -No mage required -

Recursion
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Partitioning in place
-

-toweI upperI
&
I- Desired state

swap

-uppen lecos) upper
--

sort sorl
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Partiniy - Soun Polish name starting
min B

towaIapperI nis
195] > 190] - extend upper to right
[ - swap leftmost upper with 190]

effective extends lower
effective shifts uppen byI place
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Hoare's partitioning when left I right meet,

you and done

left right

#lower Minor I zora
erF Extend

> Lo Ys
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Programmy the partition

etoproer/uppen(unknown
Tower Tupper God

fixed F =

lowe sequent = 191
: Lower]

upper segment
I 1/lower : uppe]

unkmar
= & Supper :3
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Installe

unknown ->-
↑↑
lower = upper

=
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In general , we are sorting an arbitrary slice of

#own1/ upper

Ful
left right

sort &[left-right] -spktte u Cleft



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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> lenghed sliceI
lower uppen

I challenge -> remove recursion



Quicksort analysis
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Cannot assume anything about 190]

Wast case
,
190] is mm or may

lower = [3

upper = &[12]

T(o) = + (1) = 1

T(n) = + (lower) + T(upper) + n
O n-1



Quicksort analysis
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Want care recurrence

T(0) = + (1) = 1

T(n) = +(n-i) + n
um

= T(n-2)+- 1) + n
-

= 1 + 2 - + n = 0(z)
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Wast are?

Lost already sorted

How common isworst case ?

"Average" case ?
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Sorting a list ofa elements

- Can assume a permutation of 1 , 2.., n

- Assume unform distribution

Expected runnery time is O(ulog= n)
Suppose we choose 19mid] as pirt ?

mid : n//2

Reverse enginee a bad input



Quicksort analysis
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In practice, quicksort is rayfast

L in place , iterative

·Sort by column, ascendingOops ,
I meant descending

Check already sorted



Randomized quicksort
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Choose a prot position in & to r-1 at random

Start by randomly choring prot.

Swap 190]
,
expirit] and proceed as before

Again expectedmening the is O(nlognn)



Sorting in practice
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Unix- used quicksort as default sort

gort() in

Hybrid strategy

Python - Tim Sort - Merge set upto a point
Then insertion sout

L -works well when sorted

look for "sorted runs"
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No of swaps ?

Algontum to minimize noldistance of swaps



Sorting in practice

Madhavan Mukund Lecture 22, 3 November 2026 PDSP Lecture 22, 3 Nov 2026 6 / 12

Have the list of enrolled students
,
sortedby roll number

Assign marks

Sort by marks to assign grades

Students with same marks

]Do they remain in roll number order
? Stability
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&

Stable sorting

Merge

#113 ,i
Ati]c= B(j] -> more Af]-SALE/

to C (16 , 4) (16 ,1)
A[i] < B[j] + mor Afi) UNSTABLE

to C



Sorting in practice
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Quick sort ?

Swaps all over the place

Hand (if not impossible) to make it stable


