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Functionalia

TEA!

HW 1 is DUE FRIDAY 23rd, 11:59 PM

• Do the BASIC Program First!

• Turn in Basic Program and Challenges 
Seperately

Today:

• Binary Search Example 

• QuickSort



Submitting Homework

Submit Homework by running a script on your homework file:

$ ~chipp/Public/bin/hw1-submit hw1.cpp

(hw1.cpp is the name of your HomeWork 1 file)

Don’t forget the tilde (~) at the beginning of the command!

Alternatively, try this:

$ /users1/chipp/Public/bin/hw1-submit hw1.cpp

And if all else fails, e-mail your hw1.cpp file to me at:

chipp@sci.brooklyn.cuny.edu

Finally, please check that your program runs on the UNIX machines!

mailto:chipp@sci.brooklyn.cuny.edu
mailto:chipp@sci.brooklyn.cuny.edu


Binary Search for number ‘6’
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Success: Found “6”

1.

2.

3.



What is the Base Case?

1 2 3 4 5 6 7 8 9 10

start
upperlower
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1 2 3 4 5 6 7 8 9 10



Where is the Base Case?

1 2 3 4 5 6 7 8 9 10

middle upperlower

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

Check if the middle array element is the solution. 



1 2 3 4 5 6 7 8 9 10

start
upperlower

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

What is the Recursive Case?



1 2 3 4 5 6 7 8 9 10

start
upperlower

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

Binary Search Broken Down into smaller similar Problems

What is the Recursive Case?



Convert the Binary Search into a Recursive Solution

int binarySearch(int array[], int numelems, int value)
{
   int first = 0,             // First array element
       last = numelems - 1,   // Last array element
       middle,                // Mid point of search
       position = -1;         // Position of search value
   bool found = false;        // Flag

   while (!found && first <= last)
   {
      middle = (first + last) / 2;     // Calculate mid point
      if (array[middle] == value)      // If value is found at mid
      {
         found = true;
         position = middle;
      }
      else if (array[middle] > value)  // If value is in lower half
         last = middle - 1;
      else
         first = middle + 1;           // If value is in upper half
   }
   return position;
}



Convert the Binary Search into a Recursive Solution

int binarySearch(int array[], int first, int last, int value)
{

}

Look in the Book!



Convert the Binary Search into a Recursive Solution

int binarySearch(int array[], int first, int last, int value)
{
int middle; // Mid point of the search

if(first > last)
return -1;

middle = (first + last) / 2;

if (array[middle] == value)
return middle;

if (array[middle] < value)
return binarySearch(array, middle+1, last, value);

else
return binarySearch(array, first, middle - 1, value);

}



Convert the Binary Search into a Recursive Solution
(with tracing)

...

int stations[SIZE] = {4, 14, 23, 34, 42, 50, 59};

int query = 14;

int id;

id = binarySearch(stations, 0, SIZE-1, query);

...

$ dbx binSearch
(dbx) trace in binarySearch
(dbx) run



Foreshadowing to Binary Search Trees

4 14 23 34 42 50 59 34

A tree is a graph data structure that is directed and a-cyclical.

We will build a tree of the binary search out 
of the middle elements of every sub-array.



Foreshadowing to Binary Search Trees

4 14 23 34 42 50 59
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Foreshadowing to Binary Search Trees

4 14 23 34 42 50 59

4 14 23 34 42 50 59

4 14 23 34 42 50 59

34

14 50

4 23 42 59



Foreshadowing to Binary Search Trees

4 14 23 34 42 50 59

4 14 23 34 42 50 59

4 14 23 34 42 50 59

34

14 50

4 23 42 59

Searching for Element 23



QuickSort

Developed in 1960 by C.A.R. Hoare (a British Computer Scientist).

Widely used Sorting Algorithm

Uses Recursion to Efficiently sort a list

It uses a divide-and-conquer technique.



QuickSort - Divide an Conquer

The Divide-And-Conquer approach partitions the list into 2 Sublists 
about a Pivot point. 

PivotSublist 1 Sublist 2



QuickSort - Divide an Conquer

Sublist 1 contain values that are less than the Pivot value.

Sublist 2 contain values that are greater than the Pivot value.

Note:  Sublists are not necessarily sorted.  

Now, guess what happens? 

8 1 4 7 5 6 2 9 3

3 1 2 4
5

8 7 9 6
PivotSublist 1 Sublist 2



QuickSort - Divide an Conquer

QuickSort is recursively called on both Sublists!

3 1 2 4 8 7 9 6

Sublist 1 Sublist 2



QuickSort - Divide an Conquer

QuickSort is recursively called on both Sublists to partition them.

Notice: Partition is based on the value of the Pivot.  

Thus Sublists that result from the Partition may differ in size.

3 1 2 4 8 7 9 6

Sublist 1 Sublist 2

7 9 861 32 4

PivotSublist 1 Sublist 2PivotSublist 1 Sublist 2



QuickSort - the Algorithm
void quickSort(int set[], int start, int end)

{

   int pivotPoint;

   if (start < end)

   {

      // Get the pivot point.

      pivotPoint = partition(set, start, end);

      // Sort the first sub list.

      quickSort(set, start, pivotPoint - 1);

      // Sort the second sub list.

      quickSort(set, pivotPoint + 1, end);

   }

}



Partition re-arranges the two lists

int partition(int set[], int start, int end)
{
   int pivotValue, pivotIndex, mid;

   mid = (start + end) / 2;
   swap(set[start], set[mid]);
   pivotIndex = start;
   pivotValue = set[start];
   for (int scan = start + 1; scan <= end; scan++)
   {
      if (set[scan] < pivotValue)
      {
         pivotIndex++;
         swap(set[pivotIndex], set[scan]);
      }
   }
   swap(set[start], set[pivotIndex]);
   return pivotIndex;
}

void swap(int &value1, int &value2)
{
   int temp = value1;

   value1 = value2;
   value2 = temp;
}

More than one way to Partition a List of numbers!



int partition(int set[], int start, int end)
{
   int pivotValue, pivotIndex, mid;

   mid = (start + end) / 2;
   swap(set[start], set[mid]);
   pivotIndex = start;
   pivotValue = set[start];
   for (int scan = start + 1; scan <= end; scan++)
   {
      if (set[scan] < pivotValue)
      {
         pivotIndex++;
         swap(set[pivotIndex], set[scan]);
      }
   }
   swap(set[start], set[pivotIndex]);
   return pivotIndex;
}

void swap(int &value1, int &value2)
{
   int temp = value1;

   value1 = value2;
   value2 = temp;
}

8 1 4 7 5 6 2 9 3

What is the 
resultant array after

partition?



What are the intermediate arrays?

void quickSort(int set[], int start, int end)

{

   int pivotPoint;

   if (start < end)

   {

 // DISPLAY the ARRAY HERE //

      // Get the pivot point.

      pivotPoint = partition(set, start, end);

      // Sort the first sub list.

      quickSort(set, start, pivotPoint - 1);

      // Sort the second sub list.

      quickSort(set, pivotPoint + 1, end);

   }

}

8 1 4 7 5 6 2 9 3Start



Try it out

$ ./qs

Does your output match this output?



QuickSort Efficiency

What is the worse case for QuickSort? 

If the Pivot is always the smallest or largest value in the list

End up scanning the entire list n times: n  operations.

Turns out, the AVERAGE running time is n log(n) operations

n log(n) < n   !2



And now for something different...

Strings



Strings are comprised of Characters (8 bit numbers)

What’s wrong with using just 8 bits?



Unicode (various mappings - up to 32 bits)



ASCII Character Testing

#include <cctype>

int isalpha(char n);

int isalnum(char n);

int isdigit(char n);

int islower(char n);

int isprint(char n);

int ispunct(char n);

int isupper(char n);

int isspace(char n);



Character Testing

#include <cctype>

int isalpha(char n);

int isalnum(char n);

int isdigit(char n);

int islower(char n);

int isprint(char n);

int ispunct(char n);

int isupper(char n);

int isspace(char n);

Alphabet

Alphabet or Digit

0 through 9

lowercase

printable

punctuation

uppercase

space



Character Testing

#include <cctype>

int isalpha(char n);

int isalnum(char n);

int isdigit(char n);

int islower(char n);

int isprint(char n);
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int isspace(char n);

Alphabet

Alphabet or Digit

0 through 9
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Returns True 
or False 
how?



Character Testing

#include <cctype>

int isalpha(char n);

int isalnum(char n);

int isdigit(char n);

int islower(char n);

int isprint(char n);

int ispunct(char n);

int isupper(char n);

int isspace(char n);

Alphabet

Alphabet or Digit

0 through 9

lowercase

printable

punctuation

uppercase

space

Returns True 
or False 
how?

0 is False

> 0 is True



Case Conversion

char toupper(char c);

char tolower(char c);

cout << toupper(tolower(toupper(tolower(toupper(‘c’)))));



Strings as an collection of characters!

a w e s o m e /0

What is that?



Strings as an collection of characters!

a w e s o m e /0

97 119 101 115 111 109 101 0

How the computer views it!



Store Strings in Arrays

char myString[8];

cin >> myString;  // what is the problem here?

a w e s o m e /0



Store Strings in Arrays

char myString[8];

cin >> myString;  // what is the problem here?

cin.getline(myString, 8);

a w e s o m e /0



Summary

Recursive Implementation of Binary Search

QuickSort (a Recursive Sorting Algorithm)

String Library Review

READINGS: 19.6,  and 19.8 - 19.10, Chapter 10.1 - 10.5


