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~ &Y Review questions

e Use the master theorem to solve the following
recurrences:

—T(n) =2 T(nl4) + 5n*
(Answer: O(n”))
—T(n) =2 T(n/4) + n”
(Answer: O(n”log n))
—T(n) =21T(n/4) + n
(Answer: ©(n))
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* Proposed by C.A.R. Hoare 1in 1962.
e D1vide-and-conquer algorithm.

e Sorts “in place” (like insertion sort, but not
like merge sort).

e Very practical (with tuning).
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ALGORITHMS

~ " Divide and conquer

Quicksort an n-element array:

1. Divide: Partition the array into two subarrays
around a pivot x such that elements in lower
subarray < x < elements in upper subarray.

<X X

2. Congquer: Recursivel

3. Combine: Nothing.

> X

'y sort the two subarrays.

Key: Linear-time partitioning subroutine.
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ALGORITHMS

& Partitioning subroutine

PARTITION(A, p, g) > A[p .. q]

: [ : :
x < A[p] >pivot=A[p] | Running time
L&D = 0O(n) for n
forj<p+ltog elements.

doif A[j] <x
then i< 1+ 1
exchange A[i] <> Al /]
exchange A[ p] <> Ali]
return
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ey Example of partitioning

6 10‘13 S | 8 3‘2 11'

L]
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~o Example of partitioning
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ALGORITHMS

“o" Invariant for the for loop

N\

e Reminder: an invariant 1s a statement about a particular point in
the code. The invariant should always be true when that point 1s
reached (see CLRS Chapter 2).

e (Goals of invariants: help understand and explain what the
algorithm 1s doing, and help prove correctness.

e Example: In the PARTITION algorithm, before each execution of
the for loop: Alp] = x,

Alp+1], ..., Ali] <x, and

Ali+l], ... ,A[j-1]1>x

X <Xx > X )
P [ J q
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Pseudocode for quicksort

QUICKSORT(A, p, 1)
> Sort A[p . . g] 1n place.
ifp<r
then g <— PARTITION(A, p, 1)
QUICKSORT(A, p, g—1)
QUICKSORT(A, g+1, r)

Initial call: QUICKSORT(A, 1, n)
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