
Algorithm Design Techniques

Divide and conquer Problem
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Divide and Conquer Algorithms

Divide and Conquer algorithm design works on 
the principle of dividing the given problem into 
smaller sub problems which are similar to the 
original problem. The sub problems are ideally 
of the same size.

These sub problems are solved independently 
using recursion

The solutions for the sub problems are 
combined to get the solution for the original 
problem
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Divide and Conquer Algorithms
The Divide and Conquer strategy can be 
viewed as one which has three steps. 

The first step is called Divide which is nothing 
but dividing the given problems into smaller 
sub problems which are identical to the 
original problem and also these sub problems 
are of the same size. 

The second step is called Conquer where in 
we solve these sub problems recursively. 

The third step is called Combine where in we 
combine the solutions of the sub problems to 
get the solution for the original problem. 
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Quick Sort

Quick sort is one of the most powerful sorting 
algorithm. It works on the Divide and Conquer 
design principle.

Quick sort works by finding an element, called the 
pivot, in the given input array and partitions the 
array into three sub arrays such that The left sub 
array contains all elements which are less than or 
equal to the pivot The middle sub array contains 
pivot The right sub array contains all elements 
which are greater than or equal to the pivot Now 
the two sub arrays, namely the left sub array and 
the right sub array are sorted recursively
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Quick Sort

1. Begin

2. Set left = 1, right = n

3. If (left < right) then

3.1 Partition a[left…right] such that a[left…p-1] 
are all less than a[p] and a[p+1…right] are all 
greater than a[p]

3.2 Quick Sort a[left…p-1]

3.3 Quick Sort a[p+1…right]

4. End
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Quick Sort
To partition the given array a[1…n] such that 
every element to the left of the pivot is less than 
the pivot and every element to the right of the 
pivot is greater than the pivot.

1. Begin

2. Set left = 1, right = n, pivot = a[left], p = left

3. For r = left+1 to right do

3.1 If a[r] < pivot then

3.1.1 a[p] = a[r], a[r] = a[p+1], a[p+1] = pivot

3.1.2 Increment p

4. End with output as p
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Master theorem

a= # of sub problems

b size of sub problem

f(n) time to combine sub problems
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Master Method
Many divide-and-conquer recurrence equations have 
the form:

The Master Theorem:
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Master Theorem

Case 1: When f(n) is polynomially 
smaller then the special function nlog

b
a

When f(n) is close to the special 
function

When f(n) is polynomially larger then 
the special function
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Master Theorem : Examples

Solution: logba=2, so case 1 says T(n) is O(n2). 

nnTnT  )2/(4)(

nnnTnT log)2/(2)( 

Solution: logba=1, so case 2 says T(n) is O(n log2 n).

nnnTnT log)3/()( 

Solution: logba=0, so case 3 says T(n) is O(n log n).
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Binary Search

Binary Search takes a sorted array as the input 

It works by comparing the target (search key) 

with the middle element of the

array and terminates if it is the same, else it 

divides the array into two sub arrays and 

continues the search in left (right) sub array if 

the target is less (greater) than the middle 

element of the array.
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Binary Search

Begin

2. Set left = 1, right = n

3. While (left  < right) do

3.1 m = floor(( left + right )/2)

3.2 If (target = a[m]) then End with output as m

3.3 If (target < a[m]) then right = m-1

3.4 If (target > a[m]) then left = m+1

3. End with output as none
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Complexity-Binary Search

Worst Case Analysis: Step 3.2 to Step 3.4 
each performs 1 comparison and these steps 
executes logn times. logn is the number of 
times the while loop executes. Each time we are 
reducing the problem size by half. i.e n/2, n/4, 
n/8, … The loop terminates when we hit on a 
single element array and this would occur when 
the while loop has executed logn times. The 
maximum number of comparisons in Binary 
Search would be 3 * logn. Hence the worst case 
complexity of Binary search is O(logn).


