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3.1 Introduction

 Divide and conquer
— Construct a program from smaller pieces or components
— Each piece more manageable than the origina program
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3.2 Program Components in C++

M odules; functions and classes

Programs use new and “ prepackaged” modules
— New: programmer-defined functions, classes
— Prepackaged: from the standard library

Functions invoked by function call
— Function name and information (arguments) it needs

Function definitions
— Only written once
— Hidden from other functions
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3.2 Program Components in C++

» Bossto worker analogy

— A boss (the calling function or caller) asks aworker (the
called function) to perform atask and return (i.e., report
back) the results when the task is done.
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3.3 Math Library Functions

» Perform common mathematical calculations
— Include the header file <crmat h>

» Functions called by writing
— functionName (argument);
or
— functionName(argumentl, argument2, ...);
* Example
cout << sgrt( 900.0 );

— ggrt (square root) function The preceding statement would
print 30
— All functions in math library return adoubl e
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3.3 Math Library Functions

* Function arguments can be

— Constants
csart( 4);
— Variables
esqrt( x );
— Expressions
esqrt( sqgrt( x ) ) ;
esqgrt( 3 - 6Xx );
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Method Description

Example

ceil( x ) rounds X to the smallest integer

ceil( 9.2 ) is10.0

not less than X ceil( -9.8)is-9.0
cos( x ) trigonometric cosine of X cos( 0.0 )isl1l.0
(Xin radians)
exp( x ) exponential function €X exp( 1.0 )is2.71828
exp( 2.0 ) is7.38906
fabs( x ) absolute value of X fabs( 5.1 ) is5.1

fabs( 0.0 ) is0.0
fabs( -8.76 ) is8.76

floor( x ) rounds X to the largest integer

floor( 9.2 ) is9.0

(X in radians)

not greater than X floor( -9.8 ) is-10.0
fmod( x, y ) remainder of X/Yas afloating- [f mod( 13.657, 2.333 ) is1.992
point humber
log( x ) natural logarithm of X (base €) |l og( 2.718282 ) isl1l.0
loa( 7.389056 ) is2.0
logl0( x ) logarithm of X (base 10) l og10( 10.0 ) is1.0
l0ogl0( 100.0 ) is2.0
pow( x, y ) X raised to power Y (XY) pow( 2, 7 ) isl1l28
pow( 9. .5 ) is3
sin( x ) trigonometric sine of X sin( 0.0 )is0
(Xin radians)
sqrt( x ) square root of X sqrt( 900.0 ) is30.0
sgrt( 9.0 ) is3.0
tan( x ) trigonometric tangent of X tan( 0.0 ) isO

Fig. 3.2 Math library functions.
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3.4 Functions

» Functions
— Modularize a program
— Software reusability
« Cdl function multiple times

e Locd variables

— Known only in the function in which they are defined

— All variables declared in function definitions are loca
variables

e Parameters
— Local variables passed to function when called
— Provide outside information
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3.5 Function Definitions

 Function prototype
— Tells compiler argument type and return type of function
—int square( int );
« Function takesani nt and returnsani nt
— Explained in more detail later

 Cadling/invoking afunction
— square(Xx);
— Parentheses an operator used to call function
* Passargument x
¢ Function getsits own copy of arguments

— After finished, passes back result
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3.5 Function Definitions

* Format for function definition

return-value-type function-name( parameter-list)
{

declarations and statements
}

— Parameter list

e Comma separated list of arguments

— Datatype needed for each argument

« |f no arguments, usevoi d or leave blank
— Return-vaue-type

« Datatype of result returned (usevoi d if nothing returned)
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3.5 Function Definitions

Example function
int square( int y)

{

returny * vy,

}
r et ur n keyword

— Returns data, and control goes to function’s caller
e If nodatatoreturn, user et urn;

— Function ends when reaches right brace

« Control goesto caller
Functions cannot be defined inside other functions
Next: program examples
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/1 Fig. 3.3: fig03_03.cpp
/| Creating and using a programmer-defined function.

#i ncl ude <i ostreanm>

using std::cout ;
using std::endl ;
A

Function prototype: specifies
datatypes of argumentsand
return values. squar e
expectsandi nt , and returns

© O N D WN R

int square( int ); Il functlanim.
10 int main()
g _ Parentheses () cause
12 /1 1oop 10 tinmes and gal cul ate function to be called. When
13 /'l square of x each tine d . h It
14 for (int x = 1; x <x0; x++ ) one, It returns the result.
15 cout << square( x ) << " /1 function call
16
17 cout << endl ;
18
19 return 0; // indicates successful termnation
20
21 } // end main
22

m 13

E Outline
fig03_03.cpp
(1of2)
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23 /| square function definition returns square of an integer IAI O | 14
Wi utline

24 int square( int y) // y is a copy of argument to function

25 {

2(75 returny * vy; o [ returns square of y as an int figOS_OS.Cpp

_ (20f2)

28 } // end function square Definition of square. y isa
copy of the argument passed. figo3_03.cpp

1 4 9 16 25 36 49 64 81 100 Returnsy * y,ory output (lOf 1)
SHared
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1 // Fig. 3.4: fig03_04.cpp H
2 // Finding the maxi num of three floating-point nunbers. E OL'IHE\
3 #include <iostrean>
g using std::cout ; figO3_04.cpp
6 using std::cinm (1 of 2)
7 using std::endl;
8
9 doubl e maxi nun( doubl e, double, double ); // function prototype
10 v
11 int main()
12 {
ij ggzg:z :Eg:; Function maxi mumtakes 3
s doubl & number 3. arguments (all doubl e) and
- returnsadoubl e.
17 cout << "Enter three floating point nunbers:
18 cin >> number1l >> nunber2 >> nunber 3;
19
20 /1 nunber1, nunber2 and number3 are argunents to
21 /1 the maxi mum function call
22 cout << "Maximmis
23 << maxi mum( nunber 1, nunber2, nunber3 ) << endl;
24
25 return 0; // indicates successful termnation
O 2003 Prentice Hall, Inc.
All rights reserved.
% IAI i 16
. . Outline
27 } // end main . -
o8 Comma separated list for
29 // function maxi num defini W figO3 04.Cpp
30 // x, y and z are parangters (ZOfE)
31 doubl e maxi mun( double x, double y, double z )
2 .
33 doubl e max = x; /] assume x is |argest f|903_04-cpp
34 output (1 of 1)
35 if (y>mx) /1 if yis larger,
36 nmx =y; /] assign y to nmax
37
38 if (z>mx) Il if z is larger,
39 mx = z; /'l assign z to max
40
41 return max; /1l max is |argest value
42
43 } // end function maxi mum

Enter three floating-point nunbers:
Maxi num i s:

Enter three floating-point nunmbers:
Maxi num i s:

Enter three floating-point nunbers:
Maxi num i s:

99.32 37.3 27.1928
99. 32

1.1 3.333 2.22
3.333

27.9 14.31 88.99
88. 99
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3.6 Function Prototypes

 Function prototype contains
— Function name
— Parameters (number and data type)
— Returntype (voi d if returns nothing)

— Only needed if function definition after function call

 Prototype must match function definition
— Function prototype

doubl e maxi mun( doubl e, doubl e, double );
— Définition
doubl e maxi mum( doubl e x, double y, double z)

{
}

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.6 Function Prototypes

» Function signature

— Part of prototype with name and parameters
* doubl e rraxi mun( doubl e, doubl e, double )|;

Function signature

» Argument Coercion

— Force arguments to be of proper type
e Convertingi nt (4) todoubl e (4.0
cout << sqrt(4)

— Conversion rules

e Arguments usually converted automatically
e Changingfrom doubl e toi nt cantruncate data

—34t03

— Mixed type goes to highest type (promotion)
e Int * double
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3.6 Function Prototypes

Data types

| ong doubl e

doubl e

fl oat

unsi gned | ong i nt (synonymous with unsi gned | ong)
| ong int (synonymouswith| ong)

unsi gned i nt (synonymous with unsi gned)

i nt

unsi gned short int (synonymouswith unsi gned short)
short int (synonymous with s hor t )

unsi gned char

char

bool (f al se becomes0,t r ue becomes1)

Fig. 3.5 Promotion hierarchy for built-in data types.
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3.7 Header Files

» Header files contain

— Function prototypes

— Definitions of data types and constants
» Header files ending with .h

— Programmer-defined header files
#i ncl ude “nyheader. h”

 Library header files

#i ncl ude <cnmat h>

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.8 Random Number Generation

* rand function (<cst dl i b>)
—i = rand();
— Generates unsigned integer between 0 and RAND_MAX
(usudly 32767)

 Scaling and shifting

— Modulus (remainder) operator: %

* 10 % 3isl
e X %yisbetweenOandy — 1
— Example

i =rand() %6 + 1;
e “Rand() % 6” generates anumber between 0 and 5 (scaling)
e “+ 1" makestherange 1 to 6 (shift)

— Next: program to roll dice

O 2003 Prentice Hall, Inc. All rights reserved. = =

—
1 // Fig. 3.7: fig03_07.cpp O tl 22
2 /] Shifted, scaled integers produced by 1 + rand() % 6. uthine
3  #include <iostreanm>

5 fig03_07.cpp

5 using std::cout; (1 of 2)

6 using std::endl;

7

8 #include <ionanip>

9

10 wusing std::setw;

11

12 #incl ude <cstdlib> /'l contains function prototype for rand

13

14 int main()

15 {

16 /1l loop 20 tinmes

17 for ( ipnt counter = 1; counter <= 20; cou ++ ) Outpu’gofrand() scaled

18 and shifted to be anumber

19 /'l pick random nunber from1 to,6 and out put itm—l‘md'g-—

20 cout << setw( 10 ) << ( 1 + rand() %6 );

21

22 /1 if counter divisible by 5 begin new |line of output

23 if ( counter %5 ==10)

24 cout << endl ;

25

26 } // end for structure

O 2003 Prentice Hall, Inc.
All rights reserved.




27 m 23

28 return 0; // indicates successful termnation m OUtIme
29
30 } // end main fig03_07.cpp

o . 5 g G (20f2)

5 1 1 5 3

6 6 2 4 2 fig03_07.cpp

6 2 3 4 1 output (1 of 1)

O 2003 Prentice Hall, Inc.
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3.8 Random Number Generation

* Next
— Program to show distribution of r and()
— Simulate 6000 rolls of adie
— Print number of 1's, 2's, 3's, etc. rolled
— Should be roughly 1000 of each
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1 // Fig. 3.8: fig03_08.cpp H
2 I/ Roll a six-sided die 6000 tines. E Outline
3 #include <iostrean>
“ ) figd3_08.cpp
5 using std::cout; (1 of 3)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
11
12 #incl ude <cstdlib> /1 contains function prototype for rand
13
14 int main()
15 {
16 int frequencyl = 0O;
17 int frequency2 = 0;
18 int frequency3 = 0;
19 int frequency4 = 0;
20 int frequency5 = 0;
21 int frequency6 = 0O;
22 int face; // represents one roll of the die
23
O 2003 Prentice Hall, Inc.
All rights reserved.
24 /1 1 oop 6000 tinmes and summarize results IAI o tl 26
25 for (int roll =1; roll <= 6000; roll++) { Lutling
26 face = 1 + rand() %6; // random nunber from1l to 6
a v _ _ fig03_08.cpp
28 /'l determ ne face val ue and increnment appropriate counter (2 of 3)
29 switch ( face ) {
30
31 case 1: /1 rolled 1
32 ++f r equencyl;
33 br eak;
34
35 case 2: /1l rolled 2
36 ++f requency2;
37 br eak;
38
39 case 3: /'l rolled 3
40 ++f r equency3;
41 br eak;
42
43 case 4: /1 rolled 4
44 ++f requency4;
45 br eak;
46
47 case 5: /1l rolled 5
48 ++f r equency5;
49 br eak;
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50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72

case 6: Il
++f r equency6;
br eak;

defaul t: Il
cout

} /1 end switch

} /1 end for

/1 display results in tabul

cout << "Face"
<< "\n
<< "\'n
<< "\n
<< "\n
<< "\n
<< "\n

return 0; //

73 } I/ end nmmin

rolled 6

invalid val ue

<< "Program shoul d never get here!";
A\

Default case included even
though it should never be
reached. Thisisamatter of
good coding style

<< setw( 13 ) << "Frequency"

<<
<<
<<
<<
<<

o ah @N R

<<

i ndi cates successful

set w(
set w(
set w(
set w(
set w(
set w(

13 )
13 )
13 )
13 )
13 )
13 )

<<
<<
<<
<<
<<
<<

frequencyl
frequency?2
frequency3
frequency4
frequency5
frequency6 << endl;

term nation

m 27

E Outline
fig03_08.cpp
(30f 3)

O 2003 Prentice Hall, Inc.
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Face

o U A WN R

Frequency
1003

1017

983

994

1004

999

28

1A]
. Outline

fig03_08.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.




3.8 Random Number Generation

 Cadlling rand() repeatedly
— Gives the same sequence of numbers
» Pseudorandom numbers

— Preset sequence of "random" numbers
— Same sequence generated whenever program run

» To get different random sequences
— Provide a seed value
« Likearandom starting point in the sequence
» The same seed will give the same sequence
— srand(seed);
e <cstdlib>
e Used beforer and() to set the seed

O 2003 Prentice Hall, Inc. All rights reserved. = =
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—
1 // Fig. 3.9: fig03_09.cpp O tl 30
2 /] Randomizing die-rolling program uthing
3 #include <iostrean>

g using std::cout ; fi903_09.cpp

6 using std::cinm (1 of 2)

7 using std::endl ;

8

9 #include <ionanip>

10

11 using std::setw;

12

13 // contains prototypes for functions srand and rand

14 #include <cstdlib>

15

16 // main function begins program execution

17 int main()

18 {

19 unsigned seed;/ Setting the seed with

20 csrand()

21 cout << "Enter se€d: "; SIS

22 cin >> seed; 4

23 srand( seed ); // seed random nunber generator

24

O 2003 Prentice Hall, Inc.
All rights reserved.




25 /1 loop 10 tines m 31

. = Outline
26 for ( int counter = 1; counter <= 10; counter++ ) { m —
27
28 /'l pick random nunber from1 to 6 and output it figOS 09.cpp
29 cout << setw( 10 ) << ( 1 + rand() %6 ); (ZOfE)
30
31 /1 if counter divisible by 5 begin new |line of output i
32 if ( counter %5 ==10) f|903_09-cpp
33 cout << endl ; output (1 of 1)
34
85 } /1 end for
36
2; return 0; // indicates srand()givestheme

29 } // end main sequenceif it hasthe same

initial seed.
«
Enter seed: 67
6 1 4 6 2
1 6 1 6 4
Enter seed: 432
4 3 1 6
3 5 4 2
Enter seed: 67
6 1 4 6 2
1 6 1 6 4

O 2003 Prentice Hall, Inc.
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3.8 Random Number Generation

» Can use the current time to set the seed
— No need to explicitly set seed every time
—srand( time( 0) );
—time( 0);
e <ctinme>
* Returns current timein seconds
» Generd shifting and scaling
— Number = shiftingValue + r and( ) %scalingFactor
— shiftingVaue = first number in desired range
— scalingFactor = width of desired range

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




3.9 Example: Game of Chance and
Introducing enum

* Enumeration

— Set of integers with identifiers

enumtypeName { constantl, constant2...} ;

— Congtants start at 0 (default), incremented by 1

— Constants need unique names

— Cannot assign integer to enumeration variable

¢ Must use a previously defined enumeration type

» Example

enum St at us { CONTI NUE, WON, LOST};

St at us enunvar ;
enumVar = WON; // cannot do enunVar = 1

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.9 Example: Game of Chance and
Introducing enum

» Enumeration constants can have preset values
enum Months { JAN = 1, FEB, MAR, APR MAY,
JUN, JUL, AUG SEP, COCT, NOV, DEC};

— Startsat 1, increments by 1

* Next: craps smulator
— Roll two dice
— 7 or 11 on first throw: player wins
— 2,3, or 12 on first throw: player loses
- 4,56,8,9 10
» Value becomes player's "point"
« Player must roll his point before rolling 7 to win

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 // Fig. 3.10: fig03_10.cpp = OUtline
2 [/ Craps. m I—
3 #include <iostrean>
& ) fig03_10.cpp
5 using std::cout; (1 of 5)
6 using std::endl;
7
8 // contains function prototypes for functions srand and rand
9 #include <cstdlib> . i
0 Functionto roll 2 dice and
11 #include <ctinme> Il ains pr return theresult asani nt .
12 <
13 int rollDice( void ); // function prototype
1451 int main() Enumeration to keep track of
5 the current game.
17 /'l enunerati constants represent game status
18 enum Status { CONTI NUE, WON, LOST };
19
20 int sum
21 int myPoint;
22
23 Status gameStatus; // can contain CONTINUE, WON or LOST
24
O 2003 Prentice Hall, Inc.
All rights reserved.
. . . IAI 36
25 /1 random ze random nunber generator using current tinme Outline
26 srand( time( 0 ) ); . -
o swi t ch statement
- ; . W .
22 sum = roliBree(): determines outcome based on fig03_10.cpp
30 /| determ ne game status and giﬁﬁ\')”umcu O SUTT OT—_UTTE (ZOf 5)
31 switch ( sum) {
32
83 /1 win on first roll
34 case 7:
35 case 11:
36 gameSt at us = ON;
37 br eak;
38
39 /1l lose on first roll
40 case 2:
41 case 3:
42 case 12:
43 ganmeSt atus = LOST;
44 br eak;
45

O 2003 Prentice Hall, Inc.
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46 /'l remenber point = OUtline
47 defaul t: m I—
48 ganmeSt at us = CONTI NUE;
49 nyPoi nt = sum . ) figOS 10.Cpp
50 cout << "Point is " << nyPoint << endl; (30f§)
51 br eak; /1 optional
52
53 } // end switch
54
55 // while gane not conplete ...
56 while ( gameStatus == CONTINUE ) {
57 sum = rol | Dice(); /'l roll dice again
58
59 /'l determ ne game status
60 if ( sum== nyPoint ) /1 win by making point
61 gameSt at us = WON;
62 el se
63 if ( sum==7) /1 lose by rolling 7
64 ganeStatus = LOST;
65
66 } // end while
67
O 2003 Prentice Hall, Inc.
All rights reserved.
68 /1 display won or |ost message IAI Outline 38
69 if ( gameStatus == WON ) . -
70 cout << "Player wi ns" << endl;
2 o SEout << "Player |oses" << endl; figOS_lO.cpp
- (40of5)
74 return 0; // indicates succegt—t ot
;2 D00 e oEiG Functionrol | D cetak.&s.
— no arguments, so has voi d in
78 /I roll dice, calgul ate sum and
79 int rollDice( void )
80 {
81 int diel;
82 int die2;
83 int workSum
84
85 diel =1 +rand() %6; // pick randomdiel val ue
86 die2 = 1 +rand() %6; // pick random die2 val ue
87 workSum = diel + die2; // sumdiel and die2
88

O 2003 Prentice Hall, Inc.
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89 /Il display results of this roll

90 cout << "Player rolled "
<< wor kSum << endl ;

o1 @ o=

93 return wor kSum
94
95 } // end function

Player rolled 2 + 5 =
Pl ayer w ns

Player rolled 6 + 6 =
Pl ayer | oses

Player rolled 3 + 3 =
Point is 6

Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer wins

B, N Ao

+ o+ o+ o+

ar 0w
1

rol | Dice

12

o W ©

<< diel << " + "

Il

<< di e2

return sum of dice

m 39

E Outline
fig03_10.cpp
(50f5)

fig03_10.cpp
output (1 of 2)

O 2003 Prentice Hall, Inc.
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Player rolled 1 + 3 =
Point is 4

Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer rolled
Pl ayer |oses

A BEFEP NN ON D

+ o+ + 4+ o+ o+ o+
W AP AW ASO
l

~N o N oG

40

1A]
. Outline

fig03_10.cpp
output (2 of 2)
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3.10 Storage Classes

» Variables have attributes

— Have seen name, type, size, vaue

— Storage class
* How long variable exists in memory

— Scope
* Where variable can be referenced in program
— Linkage
« For multiple-file program (see Ch. 6), which files can use it

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.10 Storage Classes

» Automatic storage class
— Variable created when program enters its block
— Variable destroyed when program leaves block
— Only loca variables of functions can be automatic
e Automatic by default
* keyword aut o explicitly declares automatic
— regi st er keyword
« Hint to place variable in high-speed register
« Good for often-used items (Ioop counters)
» Often unnecessary, compiler optimizes
— Specify either r egi st er or aut o, not both
e register int counter = 1;

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.10 Storage Classes

» Static storage class
— Variables exist for entire program
 For functions, name exists for entire program
— May not be accessible, scope rules still apply (more later)
e static keyword
— Local variablesin function
— Keeps value between function calls
— Only known in own function
» ext ern keyword
— Default for global variables/functions
 Globals: defined outside of afunction block
— Known in any function that comes after it

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.11 Scope Rules

* Scope

— Portion of program where identifier can be used
 Filescope

— Defined outside a function, known in dl functions

— Globa variables, function definitions and prototypes
 Function scope

— Can only be referenced inside defining function
— Only labels, eg., identifiers with acolon (case: )

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.11 Scope Rules

» Block scope
— Begins at declaration, ends at right brace }
e Canonly bereferenced in this range
— Local variables, function parameters
— st ati c variables sill have block scope
« Storage class separate from scope

« Function-prototype scope

— Parameter list of prototype

— Names in prototype optiona
« Compiler ignores
— Inasingle prototype, name can be used once

O 2003 Prentice Hall, Inc. All rights reserved. = =
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1 // Fig. 3.12: fig03_12.cpp IAI O | 46
o - Wi utline

2 /1 A scoping exanple.

3 #include <iostrean>

5 fig03_12.cpp

5 using std::cout; (1 Ofg)

6 using std::endl;

7

8 void useLocal ( void); . Area

9 void useStaticLocal ( voi Declared outside of function;

10 voi d used obal
11

X A
12 int x = 1;
13

global variable with file

/'l global vari

Local variablewith function

14 int main() ope-
15 {
16 int x = 5; A// local variable to nain
17
18 cout << "local x in main's Create anew b|0Ck, givingx
19 block scope. When the block
20 { I/ start new sc : :
21 )
. A
22 int x =7;
23
24 cout << "local x in main's inner scope is " << x << endl;
25
26 } // end new scope

O 2003 Prentice Hall, Inc.
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B oume
= Qutline

27
28 cout << "local x in main's outer scope is " << x << endl; m
29
30 uselLocal (); /'l uselLocal has |ocal x figOS 12.Cpp
31 useStaticlLocal (); // useStaticlLocal has static |ocal x (2 Ofg)
32 used obal (); /'l used obal uses global x
33 uselLocal (); /'l uselLocal reinitializes its local x
34 useStaticlLocal (); // static local x retains its prior value
35 used obal (); /1 global x also retains its val ue
36
37 cout << "\nlocal x in minis " << x << endl;
38
39 return O; /'l indicates successful term nation
40
41 } // end main
42
O 2003 Prentice Hall, Inc.
All rights reserved.
o . . 1Al 48
43 |/ uselLocal reinitializes |local variable x during each call Outline
44 void useLocal ( void) . -
45
46 int x = 25; / initializedeach tinme uselocal | calle flgO3_lZCpp
2273 cout << endl ‘<< “local x i {Automatic variable (local (30f5)
49 << " on entering useL{Vvariableof function). Thisis
50 +4X; destroyed when the function
51 cout << "local x is " << x|exits, andrenitialized when
52 << " on exiting uselLo i i
E3
54 } // end function uselLocal
E5

O 2003 Prentice Hall, Inc.
All rights reserved.




56 // useStaticlLocal initializes static local variable x only the E OUtline 49
57 // first time the function is called; value of x is saved m I—

58 // between calls to this function

59 void useStaticLocal ( void) figO3_12.cpp

b - _ _ (4of 5)

61 /1 initialized only first tine useStaticlLocal is called

62 static int x = 50

63 v

64 cout << endl << "l static x is " << x

65 << " on entering StaticlLocal " << endl ;

66 ++X; A R

67 cout << "l|ocal static x is " < Static local variable of

68 << " on exiting useStaticlL function; it is initiaized only
69 once, and retainsits value
70 } // end function useStaticlLocal between function cals.

71

O 2003 Prentice Hall, Inc.
All rights reserved.

=
- _ _ 1Al 50

72 |/ used obal nodifies global variable x during each call Outline

73 void used obal ( void)

74 {

75 cout << endl << "global x is " << x This function does not declare D3 12.cpp

76 << " on entering used obal " any variables. It usesthe jfg)

77 x *= 10; globa x declaredinthe

78 cout << “global x is " << x 4 Arrafi

79 << " on exiting used obal " << endl; ’ :)3_12-Cpp

80 output (1 of 2)

81 } // end function used obal

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 uselLocal
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 used obal
global x is 10 on exiting used obal

O 2003 Prentice Hall, Inc.
All rights reserved.




local x is 25 on entering useLocal E OL'IHE\
local x is 26 on exiting useLocal
fig03_12.cpp

local static x is 51 on entering useStaticlLocal
local static x is 52 on exiting useStaticLocal

output (2 of 2)

global x is 10 on entering used obal
global x is 100 on exiting used obal

local x in minis 5

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.12 Recursion

* Recursive functions
— Functions that call themselves
— Can only solve a base case

* |If not base case
— Break problem into smaller problem(s)

— Launch new copy of function to work on the smaller
problem (recursive call/recursive step)
« Slowly converges towards base case
» Function makes call to itself inside the return statement
— Eventually base case gets solved
« Answer worksway back up, solves entire problem

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.12 Recursion

» Example: factoria
n=n*(n-1)*(n=-2)*...*1
— Recursiverdationship(nl=n* (n-1)!)
Sl =5*4l
4 =4%3l,.,
— Basecase (1! =01 =1)

O 2003 Prentice Hall, Inc. All rights reserved. = =

1 // Fig. 3.14: fig03_14.cpp IAI O tl 54
2 /Il Recursive factorial function. Luting
3 #include <iostrean>

5 fig03_14.cpp
5 using std::cout; (1 of 2)

6 using std::endl;

7

8 #include <ionanip> Datatypeunsi gned | ong

S can hold an integer from 0 to

10 using std::setw; A hillicn

11 4

12 unsigned long factorial ( unsigned long ); // function prototype

13

14 int main()

15 {

16 /1 Loop 10 tines. During each iteration, calculate

17 /Il factorial ( i ) and display result.

18 for (int i =0; i <= 10; i++)

19 cout << setw( 2 ) << i <<"I ="

20 << factorial ( i ) << endl;

21

22 return 0; // indicates successful term nation

23

24 '} /] end main

O 2003 Prentice Hall, Inc.
All rights reserved.




25 m 55

. . . — Outline
26 // recursive definition of function fa m I—
27 unsigned long factorial ( unsigned g The base case occurs when
28 { we have0! or1! .All other '

. fig03_14.cpp

29 Il base case < cases must be split up (201 2)
30 if ( number <= 1) (recursive step).
31 return 1; .
2 fig03_14.cpp
33 /1 recursive step output (1 of 1)
34 el se
85 return nunmber * factorial( nunber - 1);
36

37 } // end function factorial

ol =1

1 =1

21 =2

3l =6

4l = 24

5! = 120

6! = 720

7! = 5040
8! = 40320
9! = 362880
10! = 3628800

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.13 Example Using Recursion: Fibonacci
Series

» Fibonacci series. 0,1, 1, 2, 3,5, 8...
— Each number sum of two previous ones
— Example of arecursive formula
« fib(n) = fib(n-1) + fib(n-2)

e C++ code for Fibonacci function

I ong fibonacci( long n)

{
if (n==0]| n==1) [/ base case
return n;
el se
return fibonacci( n- 1) +
fibonacci( n - 2);
}

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.13 Example Using Recursion: Fibonacci
Series

return |f( 2) | + |f( 1) |

return l‘( 1) | +-k( 0) | Ilrel.urnl | I

"o ] '

"[ewno ]

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.13 Example Using Recursion: Fibonacci
Series

* Order of operations

— return fibonacci( n - 1) + fibonacci( n - 2 );
* Do not know which one executed first

— C++ does not specify

— Only &&, || and ?: guaranteed left-to-right evaluation
* Recursive function calls

— Each levd of recursion doubles the number of function cals
o 30" number = 2730 ~ 4 billion function calls

— Exponential complexity

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




1 // Fig. 3.15: fig03_15.cpp m H 59
2 /I Recursive fibonacci function. m OL'IHE\
3 #include <iostrean>
“ ) fia03 15.cpp
D USlhg SUEk:Emif The Fibonacci numbersget b 2)
9 Uelny etekae o large very quickly, and are all
7 using std::endl; A
8 A non-negativei n'geger S. Thus,
9 unsigned |ong fibonacci( unsigned long ); // fWe use theunsi gned
10 | ong datatype.
11 int main()
12 {
13 unsi gned | ong result, nunber;
14
15 /| obtain integer from user
16 cout << "Enter an integer: ";
17 cin >> nunber;
18
19 /| calculate fibonacci value for nunber input by user
20 result = fibonacci ( number );
21
22 /'l display result
23 cout << "Fibonacci(" << number << ") =" << result << endl;
24
25 return 0; // indicates successful termnation
O 2003 Prentice Hall, Inc.
All rights reserved.
N B
. . Outline
27 } I/ end main -
28
29 /I recursive definition of function fibonacci figO3 15.Cpp
30 wunsigned |ong fibonacci( unsigned long n ) (2 OfE)
31 {
32 /'l base case .
3 if (n==0]| n==1) fig03_15.cpp
34 return n; output (1 of 2)
85
36 /'l recursive step
37 el se
38 return fibonacci( n- 1) + fibonacci( n - 2);
39
40 } // end function fibonacci

Enter an integer: 0O
Fi bonacci (0) = 0

Enter an integer: 1
Fi bonacci (1) = 1

Enter an integer: 2
Fi bonacci (2) =1

Enter an integer: 3
Fi bonacci (3) = 2

O 2003 Prentice Hall, Inc.
All rights reserved.




Enter an integer: 4 m 61

: . = Outline
Fi bonacci (4) = 3 m
Enter an integer: 5 fig03_15.cpp

Fi bonacci (5) = 5 output (2 of 2)

Enter an integer: 6

Fi bonacci (6) = 8

Enter an integer: 10
Fi bonacci (10) = 55

Enter an integer: 20
Fi bonacci (20) = 6765

Enter an integer: 30
Fi bonacci (30) = 832040

Enter an integer: 35
Fi bonacci (35) = 9227465

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.14 Recursion vs. Iteration

Repetition

— Iteration: explicit loop

— Recursion: repeated function calls
Termination

— Iteration: loop condition fails

— Recursion: base case recognized
Both can have infinite loops

Balance between performance (iteration) and good
software engineering (recursion)

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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3.15 Functions with Empty Parameter Lists

* Empty parameter lists
— voi d or leave parameter list empty
— Indicates function takes no arguments
— Function pr i nt takes no arguments and returns no value
e void print();
evoid print( void );

O 2003 Prentice Hall, Inc. All rights reserved. = =

—
1 // Fig. 3.18: fig03_18.cpp o tl 64
2 /] Functions that take no arguments. uthing

3 #include <iostrean>

5 fig03_18.cpp

5 using std::cout; (1 of 2)

6 using std::endl;

7

8 void functionl(); /1 function prototype

9 wvoid function2( void ); // function prototype

10

11 int main()

12 {

13 functionl(); // call functionl with no argunents

14 function2(); // call function2 with no arguments

15

16 return 0; /'l indicates successful term nation

17

18 } // end main

19

O 2003 Prentice Hall, Inc.
All rights reserved.




20 // functionl uses an enpty paraneter list to specify that m Outline 65

21 // the function receives no argunents m

22 void functionl()

= fig03_18.cpp
24 cout << "functionl takes no argunments" << endl; 2 of 2)

25 (

26 } // end functionl i

o7 fig03_18.cpp
28 // function2 uses a void paraneter |ist to specify that output (1 of 1)

29 // the function receives no argunents

30 void function2( void)

31 {

32 cout << "function2 also takes no argunments" << endl;

34 } // end function2

functionl takes no argunents
function2 al so takes no argunents

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.16 Inline Functions

¢ Inline functions
— Keyword i nl i ne before function
— Asks the compiler to copy code into program instead of
making function call
« Reduce function-call overhead
e Compiler canignorei nl i ne
— Good for small, often-used functions
* Example
i nline double cube( const double s )
{ returns * s * s; }
— const tellscompiler that function does not modify s
 Discussed in chapters 6-7

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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16
17
18
19

/1 Fig. 3.19: fig03_19.cpp

/1 Using an inline function to cal cul ate.
/'l the volune of a cube.

#include <iostrean»

using std:: cout;
using std::cin;
using std::endl ;

// Definition of inline function cube. Definition of function
/'l appears before function is called, so a function prototype
/1 is not required. First line of function definition acts as

/'l the prototype.
inline doubl e cube( const double side )

{

return side * side * side; // calculate cube

} /1 end function cube

E Outline o
™ ‘

fig03_19.cpp
(1of2)

O 2003 Prentice Hall, Inc.
All rights reserved.

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

int main()
{
cout << "Enter the side length of your cube: ";
doubl e si deVal ue;
cin >> sideVal ue;
/'l calcul ate cube of sideValue and display result
cout << "Volune of cube with side "
<< sideValue << " is " << cube( sideValue ) << endl;

return 0; // indicates successful term nation

} // end main

Enter the side | ength of your cube: 3.5
Vol ume of cube with side 3.5 is 42.875

68

1A]
. Outline

fig03_19.cpp
(20f2)

fig03_19.cpp
output (1 0of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.




3.17 References and Reference Parameters

» Call by value
— Copy of data passed to function
— Changes to copy do not change original
— Prevent unwanted side effects

o Cdl by reference
— Function can directly access data
— Changes affect origina

O 2003 Prentice Hall, Inc. All rights reserved. = =
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3.17 References and Reference Parameters

» Reference parameter

— Aliasfor argument in function call
 Passes parameter by reference

— Use & after data type in prototype
e void nyFunction( int &data )
e Read“dat a isareferenceto ani nt”

— Function call format the same
« However, original can now be changed

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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/1 Fig. 3.20: fig03_20.cpp E 1

! . = OQutline

2 // Conparing pass-by-val ue and pass- by-reference m I—

3 /] with references.

151 #include <iostrean» figO3_20.cpp

6 using std::cout; . (1of2)

) o ' Notice the& operator,

7 using std::endl; i

g indicating pass-hy-reference.

9 int squareByValue( int ); < /1 function prototype

10 void squareByReference( int & ); // function prototype

11

12 int main()

13 {

14 int x = 2;

15 int z = 4;

16

17 /| denonstrate squareByVal ue

18 cout << "x =" << x << " before squareByVal ue\ n";

19 cout << "Value returned by squareByVal ue:

20 << squareByVal ue( x ) << endl;

21 cout << "x =" << x << " after squareByVal ue\n" << endl;

22
O 2003 Prentice Hall, Inc.
All rights reserved.
IAI 72

23 /| denonstrate squareByRef erence Outline

24 cout << "z = " << z << " before squareByReference" << endl; . -

25 squar eByRef erence( z );

2(75 cout << "z =" << z << " after squareByReference" << endl; figO3_20.Cpp

28 return 0; // indicates successful term (ZOf 2)

29 } // end main

- Changes nunber , but

31 // squareByValue multiplies n er by itsel OI'IgI.n.d parameter (X) IS not

32 // result in nunber and retgrns the new val ngrgf!ﬁ.gwmer

33 int squareByVal ue( int nunber )

34 {

35 return number *= nunmber; // caller's argunent not nodified

36

37 } // end function squareByVal ue

38 Changes nunber Ref , an

39 // squareByReference nultiplies nunber diasfor theoriginal

40 // stores Fhe resu!t in Fhe vari to which n{ parameter. Thus,z is

41 // refers in function main 4 P

42 void squareByReference( int &unberRef ) eETEEEn

43 {

44 nunmber Ref *= nunber Ref ; /'l caller's argunent nodified

45

46 } // end function squareByReference

O 2003 Prentice Hall, Inc.
All rights reserved.
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x = 2 before squareByVal ue m :
Val ue returned by squareByVal ue: 4 m OL'IHE\
x = 2 after squareByVal ue
fig03_20.cpp

z = 4 before squareByReference
z = 16 after squareByReference

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.17 References and Reference Parameters

 Pointers (chapter 5)
— Another way to pass-by-refernce
» References as aliases to other variables

— Refer to same variable
— Can be used within afunction

int count = 1; // declare integer variable count
Int &Ref = count; // create cRef as an alias for count
++cRef; // increment count (using its alias)

» References must be initialized when declared
— Otherwise, compiler error

— Dangling reference
¢ Referenceto undefined variable

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




1 // Fig. 3.21: fig03_21.cpp

2 |l References nust be initialized.

3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7

8 int main()

9 {

10 int x =3 y declared asareferencetox.
11

12 /Il y refers to 445 an alias for) x

13 int & = x; 4

14

15 cout << "x =" << x << endl << "y =" <<y << endl;
16 y =7,

17 cout << "x =" << x << endl << "y =" <<y << endl;
18

19 return 0; // indicates successful termnation

20

21 } // end main

m 75

E Outline
fig03 21.cpp
(1of 1)

fig03 21.cpp
output (1 of 1)

x =3
y =3
x =7
y =7
O 2003 Prentice Hall, Inc.
All rights reserved.
1 // Fig. 3.22: fig03_22.cpp IAI outline 76
2 /] References nust be initialized. . =
3 #include <iostrean>
5 fig03_22.cpp
5 using std::cout; (1 of 1)
6 using std::endl;
7
8 int main() Uninitialized reference— fig03_22.cpp
9 { compilererror output (1 0of 1)
10 int x =%,
1 int &;4  // Error: y nust be initialized
12
13 cout << "x =" << x << endl << "y =" <<y << endl;
14 y =7,
15 cout << "x =" << x << endl << "y =" <<y << endl;
16
17 return 0; // indicates successful termnation
18

19 } // end main

Bor| and C++ command-|ine conpiler error nessage:
Error E2304 Fig03_22. cpp 11: Reference variable 'y' nust be
initialized- in function main()

M crosoft Visual C++ conpiler error nessage:
D: \ cppht p4_exanpl es\ch03\ Fi g03_22. cpp(11) : error C2530: 'y'
references nust be initialized

O 2003 Prentice Hall, Inc.
All rights reserved.




3.18 Default Arguments

* Function call with omitted parameters
— If not enough parameters, rightmost go to their defaults

— Default values
« Can be constants, global variables, or function calls

» Set defaults in function prototype
int myFunction( int x =1, int y =2, int z =3));
— nyFunction(3)
e X = 3,y and z get defaults (rightmost)
— nmyFunction(3, 5)
e X = 3,y = 5andz getsdefault

O 2003 Prentice Hall, Inc. All rights reserved. = =

7

; ;: llgn 3.23: fig03_23.cpp C)Lllne\
g default argunents.

3  #include <iostreanm>

4

Z Ez: :3 23223: Set defaviltsin function fig03_23.cpp

) * prototype- 1of2)

8 /I function prototype ghat specifies default arguments

9 int boxVolume( int length =1, int width = 1, int height = 1 );

10

11 int main()

12 { . .

13 /1 no argunents--use default values for all dinensions Function calls with some

14 cout << "The default box volume is: " << boxVolune(); pa'ametersmissmg_the

15 rightmost parameters get their

16 /'l specify length; default w dth and hei ght js

17 cout << "\n\nThe volunme of a box with |engt h‘lO. \n"

18 << "width 1 and height 1 is: " << boxVol ume( 10 );

19

20 /'l specify length and width; default height

21 cout << "\n\nThe volunme of a box with length 10, \n"

22 << "width 5 and height 1 is: " << boxVolune( 10, 5 );

23

78

O 2003 Prentice Hall, Inc.
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24 /| specify all arguments E OUtline

25 cout << "\n nThe volume of a box with Iength 10,\n" m

26 << "width 5 and height 2 is: " << boxVolune( 10, 5, 2)

3; < @l ¢ fig03 23.cpp
- o (20f 2)

29 return 0; // indicates successful termnation

30

31} // end main fig03_23.cpp

32 output (1 of 1)

33 // function boxVolunme cal cul ates the volunme of a box
34 int boxVolume( int length, int width, int height )
35 {

36 return length * width * height;

37

38 } // end function boxVol une

The default box volume is: 1

The vol ume of a box with length 10,
width 1 and height 1 is: 10

The volunme of a box with |ength 10,
width 5 and height 1 is: 50

The volunme of a box with |ength 10,
width 5 and height 2 is: 100

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.19 Unitary Scope Resolution Operator

» Unary scope resolution operator (: : )
— Access global variable if local variable has same name
— Not needed if names are different
— Use::variable
ey = 1IX + 3
— Good to avoid using same names for locals and globals

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




1 // Fig. 3.24: fig03_24.cpp

2 |/ Using the unary scope resol ution operator.
3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7

8 #include <ionanip>

9

10 wusing std::setprecision;

11

12 // define global constant PI

13 const double P = 3.14159265358979;
14

15 int main()

B oum ”
Outline

4

fig03_24.cpp
(1of2)

Accessthe global Pl with
Pl

Cast the global PI to a
fl oat fortheloca Pl . This

16 { examplewill show the

17 /1 define |ocal constant PI difference between f | oat

18 const float Pl = static_cast< float >( ::Pl ); and doubl e.

19

20 /'l display values of local and global Pl constants

21 cout << setprecision( 20 )

22 << " Local float value of PI =" << PI

23 << "\ nGd obal double value of PI =" << :: P << endl;

24

25 return 0; // indicates successful termnation
O 2003 Prentice Hall, Inc.
All rights reserved.
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27 } I/ end main

Bor | and C++ command-|ine conpiler output:
Local float value of PI = 3.141592741012573242
d obal double value of Pl = 3.141592653589790007

M crosoft Visual C++ conpiler output:
Local float value of PI = 3.1415927410125732
d obal doubl e value of Pl = 3.14159265358979

1A]
. Outline

fig03_24.cpp
(20f2)

fig03_24.cpp
output (1 0of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.20 Function Overloading

* Function overloading
— Functions with same name and different parameters
— Should perform similar tasks
* |l.e, functionto squarei nt s and functionto squaref | oat s
int square( int x) {return x * x;}
float square(float x) { return x * x; }
» Overloaded functions distinguished by signature
— Based on name and parameter types (order matters)
— Name mangling
« Encodes function identifier with parameters
— Type-safe linkage

» Ensures proper overloaded function called

O 2003 Prentice Hall, Inc. All rights reserved. = =
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/1 Fig. 3.25: fig03_25.cpp

/'l Using overl oaded functions. Qutline

#i ncl ude <i ostrean>

fig03_25.cpp
Overloaded functions have (1of 2

the same name, but the
different parameters

using std::cout ;
using std::endl ;

/'l function square f<or int val ues
int square( int x )

{

cout << "Called square with/int argument: "
return x * x;

<< x << endl;

} /1 end int version of funpttion square

/1 function square for double val ues
doubl e square( double y

{

cout << "Called square with double argunent: " <<y << endl;
returny * vy;

} // end double version of function square

O 2003 Prentice Hall, Inc.
All rights reserved.




24
25
26
27
28
29
30
31
32
33
34
35

Cal l ed square with int argunent: 7

int main()
{
int intResult = square( 7 );
doubl e doubl eResul t
cout << "\nThe square of
<< "\ nThe square of
<< endl ;
return 0; //
} // end main

= square( 7.5 );

I nt . X
:;fﬁ The proper function iscalled

i ndi cates successful

Il calls int version
/'l calls double version

based upon the argument
(i nt or doubl e).

term nation

m 85

E Outline
fig03_25.cpp
(20f2)

fig03_25.cpp
output (1 of 1)

Cal | ed square with double argument: 7.5
The square of integer 7 is 49
The square of double 7.5 is 56.25
O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 3.26: fig03_26.cpp Outline
2 // Name nangling. . = Ae
&
451 {/ functior(1 §quare)f0r int val ues figO3 26.Cpp
int square( int X o
o (Lof 2)
7 return x * x;
8 }
9
10 // function square for double val ues
11 doubl e square( double y )
12 {
13 returny * vy,
14 '}
15
16 // function that receives argunments of types
17 // int, float, char and int *
18 void nothingl( int a, float b, char c, int *d)
19 {
20 /1l enpty function body
21}
22

O 2003 Prentice Hall, Inc.
All rights reserved.




23 // function that receives argunments of types m 87

24 I/ char, int, float * and double * E Outline
25 char *nothing2( char a, int b, float *c, double *d )
. fig03_26.cpp
27 return O; =
8 ) (20f 2)
29 )
30 int main() fig03_26.cpp
31 { output (1 of 1)
32 return 0; // indicates successful termnation
33
3 } I/ end main Mangled names produced in

assembly language.
_main
@ot hi ng2$qci pfpd 4 $q separates the function

@ot hi ng1$qi f cpi
@quar e$qd
@quar e$qi

name from its parameters. ¢
ischar,d isdoubl e,i is
i nt,pf isapointertoa
fl oat , etc.

O 2003 Prentice Hall, Inc.
All rights reserved.
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3.21 Function Templates

» Compact way to make overloaded functions
— Generate separate function for different data types

* Format
— Beginwith keyword t enpl at e
— Forma type parameters in brackets <>

» Every type parameter preceded by t ypenane or cl ass

(synonyms)
« Placeholdersfor built-intypes(i.e., i nt ) or user-defined types

» Specify arguments types, return types, declare variables
— Function definition like normal, except formal types used

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




3.21 Function Templates

» Example

89

tenplate < class T > // or tenplate< typenane T >

T square( T valuel)

{

return val uel * val uel;

}

— T isaformal type, used as parameter type

« Above function returns variable of same type as parameter

— Infunction call, T replaced by real type
e Ifi nt ,al T'sbecomei nts
int x;
int y = square(x);
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p—
1 // Fig. 3.27: fig03_27.cpp IAI H %0
2 /] Using a function tenplate. Qutline
3 #include <iostrean>

5 fig03_27.cpp

5] qu ng std:: ct_)ut ; (1 of 3)

> eing atd: i endl Formal type parameter T

. placeholder for type of datato

9 /I definition of function tenplat

10 tenplate < class T > // or tenplate < typenane T >

11 T mexi num( T valuel, T value2, T value3 )

12 { A

13 T max = val uel;

14 maxi mumexpects all

15 if ( value2 > max ) parametersto be of the same

16 max = val ue2; fype:

17

18 if ( value3 > nax )

19 max = val ues;

20

21 return max;

22

23 } // end function tenplate maxi mum

24
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25 int main()

B oum ”
= Qutline

¢ i

27 /'l denpnstrate maxi mumw th int val ues

28 int intl, int2, int3; figO3_27.cpp

> i ) (20f3)

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

31 cin > intl >> int2 > int3; maxi mumcalled with various

& datatypes.

33 /'l invoke int version of maxinmm

34 cout << "The maxi numinteger val u€ is:

35 << maximun( intl, int2, int3);

36

37 /'l denpnstrate maxi mumwi th doubl e val ues

38 doubl e doubl el, doubl e2, doubl e3;

39

40 cout << "\n\nlnput three double values: ";

41 cin >> doubl el >> doubl e2 >> doubl e3;

42

43 /'l invoke doubl e version of maximm

44 cout << "The maxi mum double value is: " ¥

45 << maxi mum( doubl el, doubl e2, double3 );

46
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47 /1l denpbnstrate maxi num wi th char val ues IAI 0 tl 92

48 char charl, char2, char3; Lutling

49

:(1) cput << ‘r"\n;.nlnpulh 12ree c:ar:cters. " figO3_27.cpp

cin >> charl >> char2 >> char3;

- (30f3)

53 /1 invoke char version of maxi num i

54 cout << "The maxi num character val ue is: f|903_27-cpp

55 << maxi num( charl, char2, char3 ) output (1 0of 1)

56 << endl ;

57

58 return 0; // indicates successful term nation

59

60 } // end main

Input three integer values: 1 2 3
The maxi mum i nteger value is: 3

I nput three double values: 3.3 2.2 1.1
The maxi num doubl e value is: 3.3

I nput three characters: A C B
The maxi mum character value is: C
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