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Jan 11, 2004

Program Components in C++

Modules: 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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Functions

* Functions
— Modularize a program
— Software reusability
« Call function multiple times
* Local variables

— Known only in the function in which they are defined

— All variables declared in function definitions are local
variables

* Parameters
— Local variables passed to function when called
— Provide outside information
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Math Library Functions

Perform common mathematical calculations
— Include the header file<cmat h>
Functions called by writing
— functionName (argument); or
— functionName (argumentl, argument2, ...);
Example
cout << sqgrt( 900.0 );

— All functionsin math library returnadoubl e
Function arguments can be
— Constants: sqrt( 4 );
— Variables:sqrt( x );
— Expressions:

e sqrt( sqgrt( x ) ) ;

e sqgrt( 3 - 6x );
Other functions
— ceil(x), floor(x), 1ogl0(x), etc.
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Function Definitions

* Function prototype
—int square( int );
 Cadling/invoking a function
— square(x);
» Format for function definition
return-value-type function-name( parameter-list)

declarations and statements

» Prototype must match function definition

— Function prototype
doubl e maxi mum( doubl e, doubl e, double );
— Definition
doubl e maxi mum( doubl e x, double y, double z )

{
.
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Function Definitions

* Example function
int square( int y)

{

returny * vy;

}
e ret urn keyword

— Returns data, and control goes to function’'s caller
* If nodatatoreturn, user et ur n;

— Function ends when reaches right brace
» Control goesto caller

* Functions cannot be defined inside other functions
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Function Prototypes

* Function signature

— Part of prototype with name and parameters
« doubl e |rraxi mum( doubl e, doubl e, double )l;

Function signature

* Argument Coercion

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

— Conversion rules

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

- 34t03
— Mixed type goes to highest type (promoation)

O 2003 Prentice Hall, Inc. All rights reserved.

Function Prototypes

Data types

| ong doubl e

doubl e

f | oat

unsigned long int (synonymouswith unsi gned | ong)
long int (synonymouswith | ong)

unsi gned i nt (synonymouswith unsi gned)

int

unsi gned short int (synonymouswith unsi gned short)
short int (synonymouswith shor t )

unsi gned char

char

bool (f al se becomesO, t r ue becomes 1)
Fig. 3.5 Promotion hierarchy for built-in data types.
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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 “myheader. h”

 Library header files

#i ncl ude <cnat h>
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Enumeration: enum

* Enumeration

— Set of integers with identifiers
enumtypeName { constantl, constant2...} ;

— Congtants start at 0 (default), incremented by 1
— Congtants 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 ;
enunVar = WON; // cannot do enunVar = 1
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Storage Classes

» Variables have attributes
— Have seen name, type, Size, value

— Storage class

» How long variable existsin memory
— &:()pe

» Where variable can be referenced in program
— Linkage

 For multiple-file program which files can use it
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Storage Classes

» Automatic storage class
— Variable created when program enters its block
— Variable destroyed when program leaves block
— Only local variables of functions can be automatic
» 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 (loop counters)
 Often unnecessary, compiler optimizes
— Specify either r egi st er or aut o, not both
e register int counter = 1;
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Storage Classes

Static storage class
— Variables exist for entire program
« For functions, name exists for entire program

— May not be accessible, scoperulesstill apply
auto and regi ster keyword

— local variablesin function

— regi ster variablesare kept in CPU registers
st ati ¢ keyword

— Local variablesin function

— Keeps value between function calls

— Only known in own function

ext er n keyword

— Default for global variables/functions
» Globals: defined outside of afunction block

— Known in any function that comes after it
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Scope Rules

Scope

— Portion of program where identifier can be used

* File scope

— Defined outside a function, known in al functions
— Globd variables, function definitions and prototypes

* Function scope

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

» Block scope
— Begins at declaration, ends at right brace }
» Canonly bereferenced in thisrange
— Local variables, function parameters
— Locd st at i ¢ variables still have block scope
* Storage class separate from scope

 Function-prototype scope
— Parameter list of prototype

— Names in prototype optional
» Compiler ignores
— Inasingle prototype, name can be used once
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using std::endl ;

1 // Fig. 3.12: fig03_12.cpp m Outline 16
2 /] A scoping exanple. m
3 #include <iostrean»
‘5‘ e e ' fig03_12.cpp
using std::cout; 1of
o (Lof 5)
7
8

voi d uselLocal ( void );

9 void useStaticLocal ( voi d)| LOCd/gIObd?SCOpe? |

10 void used OW /1 function prototype
11

12 int x = 1; /'l gl obal vari |

13 Local/global ? Scope?
14 int main()

15 {

16 int x = 5; /1l local variable to main

17

18 cout << "local x in main's oul | geal/alobal? Scol |
o 9 pe?

20 { /] start new scope

21

22 int x =7;

23

24 cout << "local x in main's inner scope is " << x << endl;
25

26 } /1 end new scope
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43
44
45
46
a7
48
49
50
51

52
53
54
55

/'l uselLocal reinitializes |ocal variable x during each call
voi d uselLocal ( void )
{
int x =25; // initialized each tine uselLocal is called
cout << endlm Locd/globd?Scope?
<< " on entering uselLocal " << endl;
++X;
cout << "local x is " << x
<< " on exiting useLocal" << endl;
} // end function uselLocal

m ] 17
Outline

fig03_12.cpp
(30f 5)
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56
57
58
59
60
61

62
63
64
65
66

67
68
69
70
71

/'l useStaticlLocal initializes static |ocal variabl

e x only the

// first tine the function is called; value of x is saved

/1 between calls to this function
voi d useStaticlLocal ( void )

{
// initialized only first time useStaticLocal is called
static int x = 50;
cout << endl << " al static x is " << x
<< " on entering eStaticlLocal " << endl;
++X;
ocd ? Scope?
cout << "local static x is " L /globai. pe:
<< " on exiting useStaticlLocal" << endl;
} /1 end function useStaticLocal

B e "
Outline

fig03_12.cpp
(40f 5)
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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
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Recursion

» Example: factorid
nNn=n*(n-1)*(n=-2)*..*1
— Recursiverdationship(nl =n* (n-21)!)
Sl =5*4l
4 = 4* 3! ...

— Basecase (1! =0 =1)
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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)

» C++ codefor Fibonacci function
long fibonacci( long n)

{

if ???? // base case
return ??7?;

el se
??7?
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Example Using Recursion: Fibonacci Series

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

Ireturn |f( 1) | + |f( 0) |I I|return 1 | '

[eunt | [fewno |

* Order of operations
— return fibonacci( n - 1) + fibonacci( n - 2);
* Recursive function calls

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

— Exponentia complexity
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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)
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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
» Compiler canignorei nl i ne
— Good for small, oftenrused functions
» Example
i nline double cube( const double s )
{ return s * s * s; }
— const telscompiler that function does not modify s
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References and Reference Parameters

o Cdl by vaue
— Copy of data passed to function
— Changesto copy do not change original
— Prevent unwanted side effects

o Cadl by reference
— Function can directly access data
— Changes affect original

» Reference parameter
— Aliasfor argument in function call
* Passes parameter by reference
— Use & after datatype in prototype
e void myFunction( int &data )
* Read“dat a isareferencetoani nt”
— Function call format the same
» However, original can now be changed
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References and Reference Parameters

* Pointers
— Another way to pass-by-refernce

» References as dliases to other variables
— Refer to same variable
— Can be used within afunction

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

» References must be initialized when declared
— Otherwise, compiler error
— Dangling reference
» Reference to undefined variable
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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 nyFunction( int x =1, inty =2, int z =3);
— nyFunction(3)
e X = 3,y and z get defaults (rightmost)
— nyFunction(3, 5)
e X = 3,y = 5andz getsdefault
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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
Yy = IIX + 3
— Good to avoid using same names for locals and globas
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Function Overloading

» Function overloading
— Functions with same name and different parameters

— Should perform similar tasks
* i.e., functionto squarei nt s and function to 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
» Encode function identifier with no. and types of parameters
— Type-safe linkage
* Ensures proper overloaded function called
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Function Templates

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

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

» Every type parameter preceded byt 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
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Function Templates
* Example
tenplate < class T >// or tenplate< typenane T >
T square( T valuel )
{
return valuel * val uel,;
}
— T isaformd type, used as parameter type
» Above function returns variable of same type as parameter
— Infunction call, T replaced by red type
e Ifi nt,dl T'shecomei nts
int x;
int y = square(x);
O 2003 Prentice Hall, Inc. All rights reserved.
) : 32
1 /! Fig. 3.27: fig03_27.cpp m H
2 /] Using a function tenplate. OL“ne
3 #include <iostrean»
4 .
5 using std::cout; E?(;ffﬂé)ZTCpp
o e Formd ypeparamcter T
. a ' placeholder for type of datato
9 // definition of f tion tenpla be tested by maxi num
10 tenplate < class T > // or tenplate < typenane T >
11 T meximun{ T valuel, T value2, T value3 )
12 {
13 T max = val uel; -
14 maxi mumexpects all
15 if ( value2 > max ) parametersto be of the same
16 max = val ue2; type.
17
18 if ( value3 > max )
19 max = val ue3;
20
21 return nmax;
22
23 } // end function tenplate nmaxi mum
24
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25 int main() m : 33
% Outline
27 // denpnstrate maxi mumwi th int val ues
28 int intl, int2, int3; figOS_27.cpp
® . _ . (20f 3)
30 cout << "Input three integer values: ";
31 cin > intl > int2 >> int3; maxi mumecalled with various
32 datatypes.
33 /1 invoke int version of maxinmm
34 cout << "The maxi mum i nteger val
35 << maximum( intl, int2, int3);
36
37 // denpbnstrate maxi mumwi th doubl e val ues
38 doubl e doubl el, doubl e2, doubl e3;
39
40 cout << "\n\nlnput three doubl e val ues:
41 cin >> doubl el >> doubl e2 >> doubl e3;
42
43 /'l invoke doubl e version of maxi mum
44 cout << "The maxi num doubl e val ue is:
45 << mexi mun( doubl el, doubl e2, double3 );
46
O 2003 Prentice Hall, Inc.
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47 /'l denonstrate maxi mum with char val ues m Outline 34
48 char charl, char2, char3; -
49
50 cout << "\n\nlnput three characters: "; figOS 27.Cpp
51 cin >> charl >> char2 >> char3; (30f§)
52
53 /'l invoke char version of maxi mum .
54 cout << "The maxi mum character value is: " f|903_27-Cpp
55 << maxi nun( charl, char2, char3 ) output (1 of 1)
56 << endl ;
57
58 return 0; // indicates successful term nation
59

60 } // end nmin

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 mum doubl e value is: 3.3

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