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1 // Fig 20.2: BinarySearch.h
2 // Class that contains a vector of random integers and a function
3 // that uses binary search to find an integer.
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#include <vector>
using std::vector;

class BinarySearch
{
public:
BinarySearch( int ); // constructor initializes vector
int binarySearch( int ) const;// perform a binary search on vector
void displayElements() const; // display vector elements
private:
int size; // vector size
vector< int > data; // vector of ints
void displaySubElements (int,int) const;// display range of values
}; // end class BinarySearch

BinarySearch _wMs™ & 5 | 20-2 &

// Fig 20.3: BinarySearch.cpp

// BinarySearch class member-function definition.
#include <iostream>

using std::cout;

using std::endl;

#include <cstdlib> // prototypes for functions srand and rand
using std::rand;
using std::srand;

#include <ctime> // prototype for function time
using std::time;

#include <algorithm> // prototype for sort function
#include "BinarySearch.h" // class BinarySearch definition

//constructor initializes vector with random ints and sorts the vector
BinarySearch: :BinarySearch( int vectorSize )
{
size = (vectorSize > 0 ? vectorSize : 10); // validate vectorSize
srand( time( 0 ) ); // seed using current time

// £ill vector with random ints in range 10-99
for ( int 1 = 0; i1 < size; i++ )
data.push_back( 10 + rand() % 90 ); // 10-99

std: :sort( data.begin(), data.end() ); // sort the data
} // end BinarySearch constructor

// perform a binary search on the data
int BinarySearch: :binarySearch( int searchElement ) const
{
int low = 0; // low end of the search area
int high = size - 1; // high end of the search area
int middle = ( low + high + 1 ) / 2; // middle element
int location = -1; // return value; -1 if not found

do // loop to search for element

{
// print remaining elements of vector to be searched
displaySubElements( low, high );

// output spaces for alignment
for ( int i = 0; i < middle; i++ )
cout << " "
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47 cout << " * " << endl; // indicate current middle
48
49 // if the element is found at the middle
50 if ( searchElement == data[ middle ] )
51 location = middle; // location is the current middle
52 else if (searchElement < data[ middle ]) // middle is too high
53 high = middle - 1; // eliminate the higher half
54 else // middle element is too low
55 low = middle + 1; // eliminate the lower half
56
57 middle = ( low + high + 1 ) / 2; // recalculate the middle
58 } while ( ( low <= high ) && ( location == -1) );
59
60 return location; // return location of search key
61 } // end function binarySearch
62
63 // display values in vector
64 void BinarySearch: :displayElements () const
65 {
66 displaySubElements( 0, size - 1 );
67 } // end function displayElements
68
69 // display certain values in vector
70 void BinarySearch::displaySubElements( int low, int high ) const
71 {
72 for ( int i = 0; i < low; i++ ) // output spaces for alignment
73 cout << " "
74
75 for (int i = low; i <= high; i++)//output elements left in vector
76 cout << data[ 1 ] << " ";
77
78 cout << endl;
79 } // end function displaySubElements
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1 // Fig 20.4: Fig20_04.cpp

2 // BinarySearch test program.

3 #include <iostream>

4 using std::cin;

5 using std::cout;

6 using std::endl;

7

8 #include "BinarySearch.h" // class BinarySearch definition
9

10 int main()

11 {

12 int searchInt; // search key

13 int position; // location of search key in vector

14

15 // create vector and output it

16 BinarySearch searchVector ( 15 );

17 searchVector.displayElements () ;

18

19 // get input from user

20 cout << "\nPlease enter an integer value (-1 to quit): ";
21 cin >> searchInt; // read an int from user

22 cout << endl;

23

24 // repeatedly input an integer; -1 terminates the program
25 while ( searchInt !'= -1 )

26 {

27 // use binary search to try to find integer

28 position = searchVector.binarySearch( searchInt );

29

30 // return value of -1 indicates integer was not found
31 if ( position == -1 )

32 cout << "The integer " << searchInt << " was not found.\n";
33 else

34 cout << "The integer " << searchlInt

35 << " was found in position " << position << ".\n";
36

37 // get input from user

38 cout << "\n\nPlease enter an integer value (-1 to quit): ";
39 cin >> searchInt; // read an int from user

40 cout << endl;

41 } // end while

42

43 return O;

44 } // end main

26 31 33 38 47 49 49 67 73 74 82 89 90 91 95

Please enter an integer value (-1 to quit): 38

26 31 33 38 47 49 49 67 73 74 82 89 90 91 95
*
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26 31 33 38 47 49 49
*

26 31 33 38 47 49 49 67 73 74 82 89 90 91 95

Please enter an integer value (-1 to quit): 38
26 31 33 38 47 49 49 67 73 74 82 89 90 91 95
*

26 31 33 38 47 49 49

*
The integer 38 was found in position 3.

Please enter an integer value (-1 to quit): 91
26 31 33 38 47 49 49 67 73 74 82 89 90 91 95

*

73 74 82 89 90 91 95
*

90 91 95

*
The integer 91 was found in position 13.

Please enter an integer value (-1 to quit): 25
26 31 33 38 47 49 49 67 73 74 82 89 90 91 95

*

26 31 33 38 47 49 49

*

26 31 33

*

26

*
The integer 25 was not found.

Please enter an integer value (-1 to quit): -1
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1 // Fig 20.05: MergeSort.h
2 // Class that creates a vector filled with random integers.
3 // Provides a function to sort the vector with merge sort.
4 #include <vector>
5 using std::vector;
6
7 // MergeSort class definition
8 class MergeSort
9 {
10 public:
11 MergeSort( int ); // constructor initializes vector
12 void sort(); // sort vector using merge sort
13 void displayElements() const; // display vector elements
14 private:
15 int size; // vector size
16 vector< int > data; // vector of ints
17 void sortSubVector( int, int ); // sort subvector
18 void merge( int, int, int, int ); // merge two sorted vectors
19 void displaySubVector( int, int ) const; // display subvector
20 }; // end class SelectionSort
MergSort W™ i 5 | 20-5 <&
1 // Fig 20.06: MergeSort.cpp
2 // Class MergeSort member-function definition.
3 #include <iostream>
4 using std::cout;
5 using std::endl;
6
7 #include <vector>
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using std::vector;

#include <cstdlib> // prototypes for functions srand and rand
using std::rand;
using std::srand;

#include <ctime> // prototype for function time
using std::time;

#include "MergeSort.h" // class MergeSort definition

// constructor fill vector with random integers

MergeSort: :MergeSort( int vectorSize )

{
size = (vectorSize > 0 ? vectorSize : 10);// validate vectorSize
srand(time(0));// seed random number generator using current time

// £ill vector with random ints in range 10-99
for ( int 1 = 0; i1 < size; i++ )
data.push back( 10 + rand() % 90 );
} // end MergeSort constructor

// split vector, sort subvectors and merge subvectors into sorted vector
void MergeSort: :sort()
{

sortSubVector( 0, size - 1 ); // recursively sort entire vector
} // end function sort

// recursive function to sort subvectors
void MergeSort: :sortSubVector( int low, int high )
{
// test base case; size of vector equals 1
if ( ( high - low ) > 1) // if not base case
{
int middlel = ( low + high ) / 2; //calculate middle of vector
int middle2 = middlel + 1; // calculate next element over

// output split step

cout << "split: "
displaySubVector( low, hlgh )
cout << endl << " "
displaySubVector( low, mlddlel ),
cout << endl << " "
displaySubVector( middle2, hlgh )
cout << endl << endl;

// split vector in half; sort each half (recursive calls)
sortSubVector( low, middlel ); // first half of vector
sortSubVector ( middle2, high ); // second half of vector

// merge two sorted vectors after split calls return
merge( low, middlel, middle2, high );
} // end if
} // end function sortSubVector

// merge two sorted subvectors into one sorted subvector
void MergeSort: :merge (int left, int middlel, int middle2, int right)
{
int leftIndex = left; // index into left subvector
int rightIndex = middle2; // index into right subvector
int combinedIndex = left; // index into temporary working vector
vector< int > combined( size ); // working vector
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70

71 // output two subvectors before merging

72 cout << "merge: "

73 displaySubVector( left, middlel );

74 cout << endl << " "

75 displaySubVector ( middle2, right );

76 cout << endl;

77

78 // merge vectors until reaching end of either

79 while ( leftIndex <= middlel && rightIndex <= right )

80 {

81 // place smaller of two current elements into result
82 // and move to next space in vector

83 if ( data[ leftIndex ] <= data[ rightIndex ] )

84 combined[ combinedIndex++ ] = data[ leftIndex++ ];
85 else

86 combined[ combinedIndex++ ] = data[ rightIndex++ ];
87 } // end while

88

89 if ( leftIndex == middle2 ) // if at end of left vector
90 {

91 while ( rightIndex <= right ) // copy in rest of right vector
92 combined[ combinedIndex++ ] = data[ rightIndex++ ];
93 } // end if

94 else // at end of right vector

95 {

96 while ( leftIndex <= middlel ) // copy in rest of left vector
97 combined[ combinedIndex++ ] = data[ leftIndex++ ];
98 } // end else

99

100 // copy values back into original vector

101 for ( int i = left; i <= right; i++ )

102 data[ i ] = combined[ i ];

103

104 // output merged vector

105 cout << " "

106 displaySubVector( left, right );

107 cout << endl << endl;

108 } // end function merge

109

110 // display elements in vector

111 void MergeSort: :displayElements () const

112 {

113 displaySubVector( 0, size - 1 );

114 } // end function displayElements

115

116 // display certain values in vector

117 void MergeSort: :displaySubVector( int low, int high ) const
118 {

119 // output spaces for alignment

120 for ( int 1 = 0; i1 < low; i++ )

121 cout << " "

122

123 // output elements left in vector

124 for ( int i = low; i <= high; i++ )

125 cout << " " << data[ i ];

126 } // end function displaySubVector

MergSort W™ gias b iy 25 | 20-6 <
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1 // Fig 20.07: Fig20_07.cpp

2 // MergeSort test program.

3 #include <iostream>

4 using std::cout;

5 using std::endl;

6

7 #include "MergeSort.h" // class MergeSort definition
8

9 int main()

10 {

11 // create object to perform merge sort

12 MergeSort sortVector( 10 );

13

14 cout << "Unsorted vector:" << endl;

15 sortVector.displayElements(); // print unsorted vector
16 cout << endl << endl;

17

18 sortVector.sort(); // sort vector

19

20 cout << "Sorted vector:" << endl;

21 sortVector.displayElements(); // print sorted vector
22 cout << endl;

23 return O0;

24 } // end main

Unsorted vector:
30 47 22 67 79 18 60 78 26 54

split: 30 47 22 67 79 18 60 78 26 54
30 47 22 67 79
18 60 78 26 54

split: 30 47 22 67 79
30 47 22
67 79
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split:

split:

merge:

merge:

split:

merge:

merge:

split:

split:

split:

merge:

merge:

split

merge:

merge:

merge:

30 47 22

22

30 47
30
47

30
47
30 47

30 47
22
22 30 47
67
67

67

67

22 30 47

67
22 30 47 67

79

79

79
79

79
79

22 30 47 67 79

18
18

18
18

18

18

18

18

18

18

18

18

18

18 22 26 30 47 54

60
60

60

60

60

60

60

60

60

60

60

26

26
60

78 26 54

78

78

78

78
78

78

54

54
67

26

26
26

26

26

26

60
78

54

54

54

54
54

54

78

78
79
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Sorted vector:
18 22 26 30 47 54 60 67 78 79
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