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Quick Sort

Quick sort is an other example of the divide-and-conquer

approach, Proposed by C.A.R. Hoare in 1962, Sorts “in

place” (like insertion sort, but not like merge sort).

• Divide: Partition the array into two sub arrays around a pivot x such
that elements in lower sub array ≤ x ≤ elements in upper sub array.



Basic idea:
１．Pick one element in the array, which will be the pivot.
２．Make one pass through the array, called a partition step, re-

arranging the entries so that:
§ the pivot is in its proper place.

• Conquer: Recursively sort the two sub arrays.
• Combine: Finally, to put elements back into array in order,



§ entries smaller than the pivot are to the left of the pivot.
§ entries larger than the pivot are to its right.

３．Recursively apply quicksort to the part of the array that is to
the left of the pivot, and to the right part of the array.

Here we don't have the merge step, at the end all the elements are
in the proper order.



Quicksort algorithm:

QUICKSORT(A, Left, Right)
if Left < Right then
q ← PARTITION(A, Left, Right)

QUICKSORT(A, left. q–1)
QUICKSORT(A, q+1, right)



PARTITION(A, left, right)   
P = A[left] 
i= left

for (j = left+1; j <= right ; j++)
if A[ j] <= P then

i←i+1
swap (A[i] ,	A[ j] )}

end if
end for
swap(A[left], A[i])
return i



Example:























The running time for quick sort is described by following recurrence 
relation:

Worst case: 1    n=0
T(n) =   

T(n-1) + n    for all n> 0

1    n=1
T(n) =   

2T(n/2) + n    for all n> 0

Best case:



Solve the following equation using iteration method

1    n=0
T(n) =   

T(n-1) + n    for all n> 0

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

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



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

Since, T(n-2) = T(n-2-1) +(n-2)
= T(n-3) +(n-2)

3        then, T(n) = T(n-3) + (n-2) + (n-1) + n

Since, T(n-3) = T(n-3-1) + (n-3)
= T(n-4) + (n-3)

4    then, T(n) = T(n-4) + (n-3) + ( n-2) + (n-1) + n



.

.
Since, T(n-k) = T(n-k+1) +(n-k)

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

Since T(0) = 1
N-k =0 � k=n 

T(n) = T(n-n) +(n-(n-2))  +(n-(n-3)) … + (n-1) + n
T(n) = T(n- n) +(n- n+1)  +(n- n+2)(n-n+3)… + (n-1) + n

T(n) = T(0) +1 +2  +3 +4… + (n-1) + n
T(n) = 1 +1+2  +3 +4… + (n-1) + n

T(n) =  1+ n(n+1)/2    T(n) = O(n2)




