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case 1: tfarget == Array[mid]
case 2: farget < A[mid]
case 3: farget > A[mid]



The Binary Search

« Consider details before implementing the algorithm
« How to pass half of anArray to recursive calls of binarySearch?
 How to determine which half of array contains target?
« What should base case(s) be?
 How will binarySearch indicate the result of search?



The Binary Search

 Box traces of binarySearch with anArray =<1, 5, 9, 12, 15, 21, 29, 31>: (0) @
successful search for 9

target = 9
first = 0
last = 7

mid = (0+7)/2 = 3

target < anArray[3]

target = 9
first = 0
last = 2

mid = (0+2)/2 =1

target > anArray([1]

target = 9
first = 2
last = 2
mid = (2+2)/2 = 2

target = anArray[2]
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The Binary Search

« Box traces of binarySearch with anArray =<1, 5, 9, 12, 15, 21, 29, 31>: (b) an
unsuccessful search for 6

target = 6
first = 0
last = 7

target < anArray[3]

target = 6
first = 0
last = 2

target > anArray[1l]

target = 6
first = 2
last = 2
mid = (2+2)/2 = 2

target < anArray[2]

target = 6
first = 2
last =1

first > last

return -1
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The Binary Search

#include <stdio.h> int main (void)
{

// A recursive binary search function. It returns int arr[] = {2, 3, 4, 10, 40};

// location of x in given array arr[l..r] 1s present, int n = sizeof (arr)/ sizeof (arr[0]);

// otherwise -1 int x = 10;

int binarySearch (int arr([], int 1, int r, int x) int result = binarySearch(arr, 0, n-1, x);

{ (result == -1)? printf ("Element is not present in array")
if (r >= 1) : printf ("Element is present at index %d",
{ result) ;

int mid = 1 + (r - 1)/2; return 0;

// If the element is present at the middle
// itself
if (arr[mid] == x)

return mid;

// If element is smaller than mid, then
// 1t can only be present in left subarray
if (arr[mid] > x)

return binarySearch (arr, 1, mid-1, x);

// Else the element can only be present
// in right subarray
return binarySearch (arr, mid+1l, r, x);

}

// We reach here when element 1is not
// present in array
return -1;
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FInding the Largest Value in an Array

» Recursive solution to the largest-value problem

maxArray (anArray)

maxArray (left half of anArray)

maxArray (right half of anArray)




FInding the Largest Value in an Array

* The recursive calls that maxArray (<1, 6, 8, 3>) generates

maxArray (anArray)

return max (maxArray (<1, 6>), maxArray (<8,3>))

A

y
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y

maxArray (<1, 6>)

return max (maxArray (<1>), maxArray (<6>))

maxArray (<8, 3>)

return max (maxArray (

<8>), maxArray (<3>))

\ 4

\ 4

\ 4

maxArray (<1>)
return 1

maxArray (<6>)
return 6

maxArray (<8>)
return 8

maxArray (<3>)
return 3
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FInding k-th Smallest Value of Array

« Recursive solution proceeds by
1. Selecting pivot value in array
2. Cleverly arranging/partitioning values in array about pivot value
3. Recursively applying strategy to one of partitions

« A sample array

First half Second half
4 57 3 6 8 ] 9 2
o) ] 2 3 4 5 6 7/



FInding k-th Smallest Value of Array

« Recursive solution proceeds by

1.

2.

3.

Choose a pivot value at random: generate a random number in the range of
[firstindex,lastindex]

Rearrange the list in a way that all elements less than the pivot are on left side of
pivot and others on the right.

Return the index of the pivot element

<p P ~p

first last

pivotindex
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FInding k-th Smallest Value of Array

« After partitioning there are 3 cases
1. case 1: k== pivot // we found the k-th smallest item

2. case 2: k <pivot // the k-th smallest item is on the left side of the pivoft, that's is
why we can discard the other subarray

3. case 3: k> pivot // k-th smallest item is on the right side of the pivot
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FInding k-th Smallest Value of Array

« After partitioning there are 3 cases
1. case 1: k== pivot
2. case 2. k< pivot

3. case 3: k> pivot
Base case is that k == pivot

<p P ~p

first last

pivotindex



Thank you



