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fabs(0.0)is 0.0
fabs(-8.76 ) is 8.76

ceil(x) S sl g e o S S 4 X 03,55 5 Ceil(9.2) i 10.0
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cos(X) (0431 mim XOX e 5iaeS mslons €08( 0.0) i 1.0
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exp(2.0)is 7.38906
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pow(x, y) Y 0l X awloms POW( 2.0, 7.0 ) is 128.0
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round( 9.25)is9
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1 // Fig. 6.3: GradeBook.h

2 // Definition of class GradeBook that finds the maximum of three grades.

3 // Member functions are defined in GradeBook.cpp

4 #include <string> // program uses C++ standard string class

5 wusing std::string;

6

7 // GradeBook class definition

8 class GradeBook

9 {

10 public:

11 GradeBook ( string ); // constructor initializes course name

12 void setCourseName( string ); // function to set the course name
13 string getCourseName(); // function to retrieve the course name
14 void displayMessage(); // display a welcome message

15 void inputGrades(); // input three grades from user

16 void displayGradeReport(); // display a report based on the grades
17 int maximum( int, int, int ); // determine max of 3 values

18 private:

19 string courseName; // course name for this GradeBook

20 int maximumGrade; // maximum of three grades

21 }; // end class GradeBook
GradeBook wis T yw 8] -V fi

1 // Fig. 6.4: GradeBook.cpp
2 // Member-function definitions for class GradeBook that
3 // determines the maximum of three grades.
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4 #include <iostream>
5 using std::cout;

6 using std::cin;
7
8

using std::endl;
9 #include "GradeBook.h" // include definition of class GradeBook
11 // constructor initializes courseName with string supplied as argument;

12 // initializes maximumGrade to 0
13 GradeBook: :GradeBook( string name )

14

15 setCourseName ( name ); // validate and store courseName

16 maximumGrade = 0; // this value will be replaced by the maximum grade
1; } // end GradeBook constructor

1

19 // function to set the course name; limits name to 25 or fewer characters
20 void GradeBook: :setCourseName( string name )

21

22 if ( name.length() <= 25 ) // if name has 25 or fewer characters
23 courseName = name; // store the course name in the object

24 else // if name is longer than 25 characters

25 { // set courseName to first 25 characters of parameter name

26 courseName = name.substr( 0, 25 ); // select first 25 characters
27 cout << "Name \"" << name << "\" exceeds maximum length (25).\n"
28 << "Limiting courseName to first 25 characters.\n" << endl;
29 } // end if...else

gg } // end function setCourseName

32 // function to retrieve the course name
33 string GradeBook: :getCourseName ()

34

35 return courseName;

36 } // end function getCourseName
37

38 // display a welcome message to the GradeBook user
39 void GradeBook: :displayMessage ()

40 {

41 // this statement calls getCourseName to get the

42 // name of the course this GradeBook represents

43 cout << "Welcome to the grade book for\n" << getCourseName() << "!\n"
44 << endl;

45 } // end function displayMessage

46

47 // input three grades from user; determine maximum
48 void GradeBook: :inputGrades ()

49 {

50 int gradel; // first grade entered by user

51 int grade2; // second grade entered by user

52 int grade3; // third grade entered by user

53

54 cout << "Enter three integer grades: ";

55 cin >> gradel >> grade2 >> grade3;

56

57 // store maximum in member studentMaximum

58 maximumGrade = maximum( gradel, grade2, grade3 );
59 } // end function inputGrades

60

61 // returns the maximum of its three integer parameters
62 int GradeBook::maximum( int x, int y, int z §

63

64 int maximumValue = x; // assume x is the largest to start
65

66 // determine whether y is greater than maximumValue
67 if ( y > maximumValue )

68 maximumValue = y; // make y the new maximumValue
69

70 // determine whether z is greater than maximumValue
71 if ( z > maximumValue )

72 maximumValue = z; // make z the new maximumValue
73

74 return maximumValue;

75 } // end function maximum

76

77 // display a report based on the grades entered by user
78 void GradeBook: :displayGradeReport ()

79 {
80 // output maximum of grades entered
81 cout << "Maximum of grades entered: " << maximumGrade << endl;

82 } // end function displayGradeReport
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1 // Fig. 6.5: £ig06_05.cpp

2 // Create GradeBook object, input grades and display grade report.
3 #include "GradeBook.h" // include definition of class GradeBook

4

5 int main()

6 {

7 // create GradeBook object

g GradeBook myGradeBook( "CS101 C++ Programming" ) ;

10 myGradeBook.displayMessage(); // display welcome message

11 myGradeBook. inputGrades () ; // read grades from user

12 myGradeBook . dlsplayGradeReport() ; // display report based on grades

13 return 0; // indicate successful termination
14 } // end main

Welcome to the grade book for
CS101 C++ Programming!

Welcome to the grade book for
CS101 C++ Proaramming!

Welcome to the grade book for
CS101 C++ Programming!

Enter three integer grades: 67 75 86
Maximum of grades entered: 86
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// Fig. 6.8: fig06 08.cpp

// Shifted and scaTed random integers.
#include <iostream>

using std::cout;

using std::endl;

#include <iomanip>
using std::setw;

WCoOJOUITB_WNER

10 #include <cstdlib> // contains function prototype for rand
11 using std::rand;

12

13 int main()

14 {

15 // loop 20 times

%g for ( int counter = 1; counter <= 20; counter++ )
18 // pick random number from 1 to 6 and output it
%3 cout << setw( 10 ) << (1 + rand() % 6 );

21 // if counter is divisible by 5, start a new line of output
22 if ( counter $ 5 == 0 )

23 cout << endl;

24 } // end for

25

26 return 0; // indicates successful termination

27 } // end main
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// Fig. 6.9: £ig06_09.cpp

// Roll a six-sided die 6,000,000 times.
#include <iostream>

using std::cout;

using std::endl;

#include <iomanip>
using std::setw;

WoOJoOUITB_WNEK

10 #include <cstdlib> // contains function prototype for rand
11l using std::rand;

12

13 int main()

14

15 int frequencyl = 0; // count of 1ls rolled

16 int frequency2 = 0; // count of 2s rolled

17 int frequency3 = 0; // count of 3s rolled

18 int frequency4 = 0; // count of 4s rolled

19 int frequency5 = 0; // count of 5s rolled
%0 int frequency6 = 0; // count of 6s rolled

1
%% int face; // stores most recently rolled value
24 // summarize results of 6,000,000 rolls of a die
%2 for ( int roll = 1; roll <= 6000000; roll++ )
{

%g face = 1 + rand() % 6; // random number from 1 to 6
29 // determine roll value 1-6 and increment appropriate counter
30 switch ( face )

31 {

32 case 1:

33 ++frequencyl; // increment the 1ls counter
34 break;

35 case 2:

36 ++frequency2; // increment the 2s counter
37 break;

38 case 3:

39 ++frequency3; // increment the 3s counter
40 break;

41 case 4:

42 ++frequency4; // increment the 4s counter
43 break;

44 case 5:

45 ++frequency5; // increment the 5s counter
46 break;

47 case 6:

48 ++frequency6; // increment the 6s counter
49 break;

50 default: // invalid value

51 cout << "Program should never get here!";
52 } // end switch

53 } // end for

54

55 cout << "Face" << setw( 13 ) << "Frequency" << endl; // output headers
56 cout << " 1" << setw( 13 ) << frequencyl

57 << "\n 2" << setw( 13 ) << frequency2

58 << "\n 3" << setw( 13 ) << frequency3

59 << "\n 4" << setw( 13 ) << frequency4

60 << "\n 5" << setw( 13 ) << frequency5

61 << "\n 6" << setw( 13 ) << frequency6 << endl;
62 return 0; // indicates successful termination

63 } // end main

Face Frequency
1 999702
2 1000823
3 999378
4 998898
5 1000777
6 1000422
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// Fig. 6.10: £ig06_10.cpp

// Randomizing die-Tolling program.
#include <iostream>

using std::cout;

using std::cin;

using std::endl;

wodonUIBdWNR

#include <1oman1p>
using std::setw;

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

14

15 int main()

16 {

1; unsigned seed; // stores the seed entered by the user
1

19 cout << "Enter seed: ";

20 cin >> seed;

21 srand( seed ); // seed random number generator

22

23 // loop 10 times

24 for ( int counter = 1; counter <= 10; counter++ )
25 {

26 // pick random number from 1 to 6 and output it
27 cout << setw( 10 ) << (1 + rand() % 6 );

28

29 // if counter is divisible by 5, start a new line of output
30 if ( counter $ 5 == 0 )

31 cout << endl;

32 } // end for

33

34 return 0; // indicates successful termination

35 } // end main
Enter seed: 67

6 1 4 6 2
1 6 1 6 4

Enter seed: 432
4 6 3 1 6
3 1 5 4 2

Enter seed: 67
6 1 4 6 2
1 6 1 6 4
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// Fig. 6.11: £ig06_11.cpp
/ Craps simulationT
#include <iostream>

using std::cout;

using std::endl;

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

woOoJoOUITB_WNEF

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

14 int rollDice(); // rolls dice, calculates amd displays sum

16 int main()
{

17

18 // enumeration with constants that represent the game status
19 enum Status { CONTINUE, WON, LOST };

20

21 int myPoint; // point if no win or loss on first roll

22 Status gameStatus; // can contain CONTINUE, WON or LOST

24 // randomize random number generator using current time
25 srand( time( 0 ) );
26

27 int sumOfDice = rollDice(); // first roll of the dice

29 // determine %ame status and point (if needed) based on first roll
gg switch ( sumOfDice )
{
32 case 7: // win with 7 on first roll
33 case 11: // win with 11 on first roll
34 gameStatus = WON;
35 break;
36 case 2: // lose with 2 on first roll
37 case 3: // lose with 3 on first roll
38 case 12: // lose with 12 on first roll
39 gameStatus = LOST;
40 break;
41 default: // did not win or lose, so remember point
42 gameStatus = CONTINUE; // game is not over
43 myPoint = sumOfDice; // remember the point
44 cout << "Point is " << myPoint << endl;
45 break; // optional at end of switch
46 } // end switch
47
48 // while game is not complete
49 while ( gameStatus == CONTINUE ) // not WON or LOST
50 {
g% sumOfDice = rollDice(); // roll dice again
53 // determine game status
54 if ( sumOfDice == myPoint ) // win by making point
55 gameStatus = WON;
56 else
57 if ( sumOfDice == 7 ) // lose by rolling 7 before point
58 gameStatus = LOST;
23 } // end while
61 // display won or lost message
62 if ( gameStatus == WON )
63 cout << "Player wins" << endl;
64 else
gg cout << "Player loses" << endl;
67 return 0; // indicates successful termination
gg } // end main

70 // roll dice, calculate sum and display results
71 int rollDice()

73 // pick random die values
74 int diel = 1 + rand() % 6; // first die roll
75 int die2 = 1 + rand() % 6; // second die roll
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7; int sum = diel + die2; // compute sum of die values.
7
79 // display results of this roll
80 cout << "Player rolled " << diel << " + " << die2
81 << " = " << sum << endl;

return sum;

82 // return sum of dice
83 } // end function rollDice
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1 // Fig. 6.12: fig06_12.cpp

2 // A scoping example.

3 #include <iostream>

4 wusing std::cout;

5 wusing std::endl;

6

7 void uselocal( void ); // function prototype
8 void useStaticlLocal( void ); // function prototype
9 void useGlobal( void ); // function prototype
10

11 int x = 1; // global variable

12

13 int main()

14 {

15 int x = 5; // local variable to main

16

17 cout << "local x in main's outer scope is " << x << endl;
18

19 { // start new scope

20 int x = 7; // hides x in outer scope

21

22 cout << "local x in main's inner scope is " << x << endl;



1 .~ e N

VAY aid Jas Sy L PJ—:J‘SJJH‘QEWJ

23
24
25
26
27
28
29
30
31
32
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34

64
65
66
67
68

} // end new scope
cout << "local x in main's outer scope is " << x << endl;

useLocal(); // uselocal has local x

useStaticLocal(); // useStaticlLocal has static local x
useGlobal(); // useGlobal uses global x

uselocal (); // uselocal reinitializes its local x
useStaticLocal(); // static local x retains its prior value
useGlobal(); // global x also retains its value

cout << "\nlocal x in main is " << x << endl;
return 0; // indicates successful termination
} // end main

// uselocal reinitializes local variable x during each call
void uselocal( void )

{

int x = 25; // initialized each time useLocal is called.

cout << "\nlocal x is " << x << " on entering useLocal" << endl;
x++;
cout << "local x is " << x << " on exiting uselocal" << endl;

} // end function useLocal

// useStaticLocal initializes static local variable x only the
// first time the function is called; value of x is saved

// between calls to this function

void useStaticLocal( void )

{

static int x = 50; // initialized first time useStaticLocal is called

cout << "\nlocal static x is " << x << " on entering useStaticLocal"
<< endl;
x++;
cout << "local static x is " << x << " on exiting useStaticLocal"
<< endl;
} // end function useStaticLocal

// useGlobal modifies global variable x during each call

void useGlobal( void )

{
cout << "\nglobal x is " << x << " on entering useGlobal" << endl;
x *= 10;
cout << "global x is " << x << " on exiting useGlobal" << endl;

} // end function useGlobal

local x in main's outer scope is 5
local x in main's inner scope is 7
local x in main's outer scope is 5

local x is 25 on entering useLocal
local x is 26 on exiting useLocal

local static x is 50 on entering useStaticLocal
local static x is 51 on exiting useStaticLocal

global x is 1 on entering useGlobal
global x is 10 on exiting useGlobal

local x is 25 on entering useLocal

local x is 26 on exiting uselocal

local static x is 50 on entering useStaticLocal

T

local static x is 52 on exiting useStaticLocal

global x is 10 on entering useGlobal
global x is 100 on exiting useGlobal

local x in main is 5
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1 // Fig. 6.13: fig06_13.cpp

2 // square function used to demonstrate the function

3 // call stack and activation records.

4 #include <iostream>

5 wusing std::cin;

6 using std::cout;

7 using std::endl;

8

9 int square( int ); // prototype for function square

10

11 int main()

12 {

13 int a = 10; // value to square (local automatic variable in main).
14

15 cout << a << " squared: " << square( a ) << endl;// display a squared

16 return 0; // indicate successful termination
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17 } // end main

18

19 // returns the square of an integer

20 int square( int x ) // x is a local variable

21 {

22 return x * x; // calculate square and return result
23 } // end function square

10 squared: 100
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1 // Fig. 6.17: £fig06_17.cpp

2 // Functions that take no arguments.

3 #include <iostream>

4 using std::cout;

5 wusing std::endl;

6

7 void functionl(); // function that takes no arguments
8 void function2( void ); // function that takes no arguments
9

10 int main()

11

12 functionl(); // call functionl with no arguments
13 function2(); // call function2 with no arguments
14 return 0; // indicates successful termination

15 } // end main

16

17 // functionl uses an empty parameter list to specify that
18 // the function receives no arguments
19 void functionl ()

20 {

21 cout << "functionl takes no arguments" << endl;
22 } // end functionl

23

24 // function2 uses a void parameter list to specify that
25 // the function receives no arguments

26 void function2( wvoid )

27 {

28 cout << "function2 also takes no arguments" << endl;
29 } // end function2

functionl takes no arguments
function2 also takes no arguments
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// Fig. 6.18: £ig06_18.cpp

// Using an inline function to calculate the volume of a cube.

#include <iostream>

using std::cout;

using std::cin;

using std::endl;

// Definition of inline function cube. Definition of function appears

// before function is called, so a function prototype is not required.

10 // First line of function definition acts as the prototype.
11 inline double cube( const double side )

woJonUIdWNKF

12 {

13 return side * side * side; // calculate cube

14 } // end function cube

15

16 int main()

17

18 double sideValue; // stores value entered by user

19 cout << "Enter the side length of your cube: ";
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20 cin >> sideValue; // read value from user
21
22 // calculate cube of sideValue and display result
23 cout << "Volume of cube with side "
24 << sideValue << " is " << cube( sideValue ) << endl;
25 return 0; // indicates successful termination

26 } // end main

Enter the side length of your cube: 3.5
Volume of cube with side 3.5 is 42.875
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1 // Fig. 6.19: £ig06_19.cpp

2 // Comparing pass-by-value and pass-by-reference with references.
3 #include <iostream>

4 wusing std::cout;

5 wusing std::endl;

6

7 int squareByValue( int ); // function prototype (value pass)

8 void squareByReference( int & ); // function prototype (reference pass)
9

10 int main()

11 {

12 int x = 2; // value to square using squareByValue

13 int z = 4; // value to square using squareByReference

14

15 // demonstrate squareByValue

16 cout << "x = " << x << " before squareByValue\n";

17 cout << "Value returned by squareByValue: "

18 << squareByValue( x ) << endl;

19 cout << "x = " << x << " after squareByValue\n" << endl;

20

21 // demonstrate squareByReference

22 cout << "z = " << z << " before squareByReference" << endl;
23 squareByReference( z );

24 cout << "z = " << z << " after squareByReference" << endl;
25 return 0; // indicates successful termination

26 } // end main

27

28 // squareByValue multiplies number by itself, stores the
29 // result in number and returns the new value of number
30 int squareByValue( int number )

31 {

32 return number *= number; // caller's argument not modified
33 } // end function squareByValue

34

35 // squareByReference multiplies numberRef by itself and stores the result
36 // in the variable to which numberRef refers in function main
37 void squareByReference( int &numberRef )
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38 {
39 numberRef *= numberRef; // caller's argument modified
40 } // end function squareByReference

x = 2 before squareByValue
Value returend by squareByValue: 4
x = 2 after squareByValue

z
z

4 before squareByReference
16 after squareByReference
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int count 1; // declare integer variable count
int &cRef count; // create cRef as an alias for count
cRef++; // increment count (using its alias cRef)
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// Fig. 6.20: £ig06_20.cpp

// References must be initialized.
#include <iostream>

using std::cout;

using std::endl;

int main()

int x = 3;
int &y = x; // y refers to (is an alias for) x
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R o

cout << "x = " << x << endl << "y = " << y << endl;
y = 7; // actually modifies x

cout << "x = " << x << endl << "y = " << y << endl;
15 return 0; // indicates successful termination

16 } // end main
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// Fig. 6.21: fig06 21.cpp

// References must be initialized.
#include <iostream>

using std::cout;

using std::endl;

int main()

int x = 3;
0 int &y; // Error: y must be initialized
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11

12 cout << "x = " << x << endl << "y = " << y << endl;
13 y =17;

14 cout << "x = " << x << endl << "y = " << y << endl;
15 return 0; // indicates successful termination

16 } // end main
Borland C++ command-line compiler error message:

Error E2304 C:\cppht5_examples\ch06\Fig06 21\fig06 21.cpp 10:
Reference variable 'y' must be initialized in function main ()

Microsortt Visual C++ compller error message:

C:\cppht5_examples\ch06\Fig06 21\fig06 21.cpp(10): error C2530: 'y':
reference must be initialized

GNU C++ compiler error message:

fig06_21.cpp(10): error: 'y': declared as a reference but not initialized
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1 // Fig. 6.22: fig06_22.cpp
2 // Using default arguments.
3 #include <iostream>
4 wusing std::cout;
5 wusing std::endl;
6
7 // function prototype that specifies default arguments
8 int boxVolume( int length = 1, int width = 1, int height =1 );
9
10 int main()
11 {
12 // no arguments--use default values for all dimensions
13 cout << "The default box volume is: " << boxVolume() ;
14
15 // specify length; default width and height
16 cout << "\n\nThe volume of a box with length 10,\n"
17 << "width 1 and height 1 is: " << boxVolume( 10 );
18
19 // specify length and width; default height

cout << "\n\nThe volume of a box with length 10,\n"
<< "width 5 and height 1 is: " << boxVolume( 10, 5 );

// specify all arguments
cout << "\n\nThe volume of a box with length 10,\n"
<< "width 5 and height 2 is: " << boxVolume( 10, 5, 2 )
<< endl;
return 0; // indicates successful termination
} // end main

// function boxVolume calculates the volume of a box
int boxVolume( int length, int width, int height )

{

33 return length * width * height;

34 } // end function boxVolume
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The defualt box volume is: 1

The volume of a box with length 10,
withd 1 and height 1 is: 10

The volume of a box with length 10,
withd 5 and height 1 is: 50

The volume of a box with length 10,
withd 5 and height 2 is: 100
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// Fig. 6.23: £ig06_23.cpp

// Using the unary scope resolution operator.
#include <iostream>

using std::cout;

using std::endl;

int number = 7; // global variable named number

CoOoOJdoUIdWNR

int main()

10 {

11 double number = 10.5; // local variable named number

12

13 // display values of local and global variables

14 cout << "Local double value of number = " << number

15 << "\nGlobal int value of number = " << ::number << endl;
16 return 0; // indicates successful termination

17 } // end main

Local double value of number

= 10.5
Global int value of number = 7
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1 // Fig. 6.24: fig06_24.cpp

2 // Overloaded functions.

3 #include <iostream>

4 wusing std::cout;

5 wusing std::endl;

6

7 // function square for int values

8 int square( int x )

9 {

10 cout << "square of integer " << x << " is ";
11 return x * x;

12 } // end function square with int argument

13

14 // function square for double values

15 double square( double y )

16 {

17 cout << "square of double " << y << " is ";
18 return y * y;

19 } // end function square with double argument
20

21 int main()

22

23 cout << square( 7 ); // calls int version
24 cout << endl;

25 cout << square( 7.5 ); // calls double version
26 cout << endl;

27 return 0; // indicates successful termination

28 } // end main

square of integer 7 is 49
square of double 7.5 is 56.25
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// Fig. 6.25: £ig06_25.cpp
// Name mangling.

// function square for int values
int square( int x )

return x * x;
} // end function square

// function square for double values
double square( double y )
{

RROOJOUIT_WNER
R o

return y * y;
} // end function square

el
B WwN

// function that receives arguments of types
// int, float, char and int &
void nothingl( int a, float b, char c, int &d )
{

// empty function body
} // end function nothingl

// function that receives arguments of types
// char, int, float & and double &
int nothing2( char a, int b, float &c, double &d )

{
return O;
} // end function nothing2

int main()

WWNNNNNNMMNOMNNMNNNRRRRR
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32 return 0; // indicates successful termination
33 } // end main

@square$qi

@square$qd

@nothingl$qgifcri

@nothing2$qcirfrd
main
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1 // Fig. 6.26: maximum.h

2 // Definition of function template maximum.

3

4 template < class T > // or template< typename T >

5 T maximum( T valuel, T value2, T value3 )

6 {

7 T maximumValue = valuel; // assume valuel is maximum

8

9 // determine whether value2 is greater than maximumValue
10 if ( value2 > maximumValue )

11 maximumValue = value2;

12

13 // determine whether value3 is greater than maximumValue
14 if ( value3 > maximumValue )

15 maximumValue = value3;

16

17 return maximumValue;

18 } // end function template maximum
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1 // Fig. 6.27: £ig06_27.cpp

2 // Function template maximum test program.

3 #include <iostream>

4 wusing std::cout;

5 wusing std::cin;

6 wusing std::endl;

7

8 #include "maximum.h" // include definition of function template maximum
9

10 int main()

11 {

12 // demonstrate maximum with int values

13 int intl, int2, int3;

14

15 cout << "Input three integer values: ";

16 cin >> intl >> int2 >> int3;

17

18 // invoke int version of maximum

19 cout << "The maximum integer value is: "
20 << maximum( intl, int2, int3 );

21

22 // demonstrate maximum with double values
23 double doublel, double2, double3;

24

25 cout << "\n\nInput three double values: ";
26 cin >> doublel >> double2 >> double3;

27

28 // invoke double version of maximum

29 cout << "The maximum double value is: "

30 << maximum( doublel, double2, double3 );
31

32 // demonstrate maximum with char values

33 char charl, char2, char3;

34

35 cout << "\n\nInput three characters: ";

36 cin >> charl >> char2 >> char3;

37

38 // invoke char version of maximum

39 cout << "The maximum character value is: "
40 << maximum( charl, char2, char3 ) << endl;
41 return 0; // indicates successful termination

42 } // end main

Input three integer values: 1 2 3
The maximum integer value is: 3

Input three double values: 3.3 2.2 1.1
The maximum double value is: 3.3

Input three characters: A C B
The maximum character value is: C
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INT maximum( INT valuel, INT value2, INT value3 )
{

INT maximumValue = valuel; // assume valuel is maximum

// determine whether value2 is greater than maximumValue
if ( value2 > maximumValue )
maximumValue = value2;

// determine whether value3 is greater than maximumValue
if ( value3 > maximumValue )
maximumValue = value3;

return maximumValue;
} // end function template maximum
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factorial = 1;

for ( int counter = number; counter >= 1; counter-- )
factorial *= counter;
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Final value =120

5
1 51 =5 * 24 = 120 is returned

v 5 *

T 41 = 4 * 6 = 24 is returned
v 4 *
T 31=3*2=6is returned
v 3 *
: 21 =2 *1=2isreturned
2 *
- b= 1 returned
1 1
(a) Procession of recursive calls. (b) Values returned from each recursive call.
(S 99 45! dalomo | -TA USS

1 // Fig. 6.29: fig06_29.cpp

2 // Testing the recursive factorial function.

3 #include <iostream>

4 wusing std::cout;

5 wusing std::endl;

6

7 #include <iomanip>

8 wusing std::setw;

9

10 unsigned long factorial ( unsigned long ); // function prototype
11
12 int main()
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13 {

14 // calculate the factorials of 0 through 10

15 for ( int counter = 0; counter <= 10; counter++ )

16 cout << setw( 2 ) << counter << "! = " << factorial( counter )
17 << endl;

18

19 return 0; // indicates successful termination

20 } // end main

21

22 // recursive definition of function factorial
23 unsigned long factorial( unsigned long number )

24 {

25 if ( number <= 1 ) // test for base case

26 return 1; // base cases: 0! =1 and 1! =1
27 else // recursion step

28 return number * factorial( number - 1 );

29 } // end function factorial

0! =1

1' =1

2! =2

3! =6

4! = 24

5! = 120

6! = 720

7! = 5040
8! = 40320
9! = 362880
10! = 3628800
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// Fig. 6.30: £ig06_30.cpp

// Testing the recursive fibonacci function.
#include <iostream>

using std::cout;

using std::cin;

using std::endl;

unsigned long fibonacci( unsigned long ); // function prototype

woJonUIdWNKF

10 int main()

{
12 // calculate the fibonacci values of 0 through 10
13 for ( int counter = 0; counter <= 10; counter++ )
14 cout << "fibonacci( " << counter << " ) ="
15 << fibonacci( counter ) << endl;

17 // display higher fibonacci values

18 cout << "fibonacci( 20 ) = " << fibonacci( 20 ) << endl;
19 cout << "fibonacci( 30 ) = " << fibonacci( 30 ) << endl;
20 cout << "fibonacci( 35 ) = " << fibonacci( 35 ) << endl;
21 return 0; // indicates successful termination

22 } // end main

24 // recursive method fibonacci
25 unsigned long fibonacci( unsigned long number )

26 {

27 if ( ( number == 0 ) || ( number == 1 ) ) // base cases
28 return number;

29 else // recursion step

30 return fibonacci( number - 1 ) + fibonacci( number - 2 );
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31 } // end function fibonacci

fibonacci (0)=
fibonacci(1)=
fibonacci (2)=
fibonacci (3)=
fibonacci (4)=
fibonacci (5)=
fibonacci (6)=
fibonacci (7)= 13
fibonacci (8)= 21
fibonacci (9)= 34
fibonacci (10)= 55
fibonacci (20)= 6765
fibonacci (30)= 832040
fibonacci (35)= 9227465
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Fibonacci (3)

¥

return Fibonacci (2) + | Fibonacci (1)

A A 4

return Fibonacci (1) | + | Fibonacci (0) | + Returnl

v v

return 1 return 0




1 -~ - 1

s }:A
PRI PN “ P-‘MJ-'AJY.A
ﬁ TSI S g gl e

fibonacci @b (%53 sy Jlgs1,8 | - s
A G5 T

s 3 edlizal b1y s Calby (Sole dxdlg o oS w1, el s S A s o
03 Al sy5e 3 5038 lie wab 1y oy 53 cpl tu ol 53 sl SIS L g
35 el om0 b g 03l a5 (6,05 G s ol 5SS gl Sl

055 1SS slaslile 11,80 ez J 28 glaslitle pe 0 23850 5 LSS i) 50 8
if...else df dles Sl gla sl 31 28850 Lag,y Sl s (S o o3lizel While L for asles
N e Sopa S ey bl (it 1SS gk 25 53 a4 SV 50 35w sWitch L
LSS Jos 5 Se sl sl G b 51 (2850 s sl s S e oalizal 1S (sl sl L
S )5 e olias aailE S oS5 plail e ¢S a =850 o2 3 LSS das e plnil
s p8a 4 plosl ol (225l 53 5 il e aadl 1SS Bl 1 a1 ST by oS Ko
3,8 o g (61) ol Sl

BENE g'-:"fgs" S il aails Bk LSS daSedsled S eslimel L LSS B o
b ssdpe 8 8 5 53 odipled S ST 53 s o0 035 il 4 5 Dy e (255
o3l alive Lo b 22850 53 5 A8 L8 1y al 51,85 b5 e e IS 1 lie &S L i les
oy gy il e 22850 o 5SS el Sl Oy B 0T wlsl Lol a1 o
Colgia U e s 5, o aile bt ST Wl5 o Culg g Al G Al 4Bl aalsl 5 gl
Ll yr 4l Slows 5 les Foslo |y s b o 55 Ll 5 22851 08 ST 22850 55 5005 1SS
Al e BT L Culgi o Sl

Sl NS Jomoly gy & b s o3l ¢ 228 5L 5 5SS sy e 3 se S5l Ol sl
=¥y Ko 512829 bokas) 51 ST Sle &K 48T ST Sds (-1 SS) 231252 Joo 586 alss
LS a5 (P-4 IS 512427 bghast) wales S aslizl alis S5 ey 3 Sl ke (sl
o (6l s 24 Loz 23830 gy 53 Sl 0dd o3lisl aaslt S G I ol 93 8 y3 &S

LML)‘}}LFJ,?‘«MJ@(‘:U‘&E—.]ofléj)j&.izgbcjlﬁv&j)).ﬁMJ@C&\QQ



Yo

A NN

Ui Juad S L P)-a—"'ﬁ-osc—r'ﬁ—"'wvj

LSS o oy o o alians 3l o3l a3ei ¢S5 A 5 (gloms 45T ST 35 OLL 43 3 s e 4eSl il

Dkl p il I SS b s a6 s S ealizul s i odijled ¢S

1 // Fig. 6.32: £fig06_32.cpp
2 // Testing the iterative factorial method.
3 #include <iostream>
4 wusing std::cout;
5 wusing std::endl;
6
7 #include <iomanip>
8 using std::setw;
9
10 unsigned long factorial( unsigned long ); // function prototype
11
12 int main()
13 {
14 // calculate the factorials of 0 through 10
15 for ( int counter = 0; counter <= 10; counter++ )
16 cout << setw( 2 ) << counter << "! = " << factorial( counter )
17 << endl;
18
19 return 0;
20 } // end main
21
22 // iterative method factorial
23 unsigned long factorial( unsigned long number )
24 {
25 unsigned long result = 1;
26
27 // iterative declaration of method factorial
28 for ( unsigned long i = number; i >= 1; i-- )
29 result *= i;
30
31 return result;
32 } // end function factorial
0! =1
1' =1
2! = 2
3! =6
4! = 24
5! = 120
6! = 720
7' = 5040
8! = 40320
9! = 362880
10! = 3628800
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