W 3.1, 3.2

C++ Functions
Modular Program Design
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Functions

Functions allow a program to be broken
down into smaller units of code.

Modular programming is facilitated thusin
C and C++

Cisasmall language, extendible by using
libraries of functions.

Check the standard function libraries.
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Functions

« main() the main function of any program.
» Libraries available, e.g. mathslibrary.

— Sqrt(x)

— exp(x)

—log(x)
» User defined functions, build your own.
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Simplest Functions

Some functions do not communicate any
data

Following function simply draws afigure
Illustrates some of the important ideas

Functions break up the problem facing
programmers
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Flow of Control

Void main() Void draw_circle()
{ {
// bla bla cout<<*“ * ‘“<<endl;

cout<s<“* *7’<<endl;

draw_circle()= cout<<* ** “<<endl;
> I{—}

draw_triangle

O:;

draw_intersec

tQ:;
}
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Minimal Function Definition

Syntax

type identifier]

identifier
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A Simple Program

/I FILE: stikfig.cpp

#include <iostream.h>

void main ()

{
// Draw thefigure.
draw_circle (); // Draw acircle.
draw_triangle (); // Draw atriangle.
draw_intersect (); // Draw intersecting lines.

}
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/I DRAWSA CIRCLE
void draw_circle ()
{
cout<<" * "<<end;
cout<<" * *" << endl;
cout <<" ** " << endl;
} // end draw_circle

/I DRAWS A TRIANGLE

void draw_triangle ()

{
/I Draw atriangle.
draw_intersect ();
draw_base ();

} // end draw_triangle

Brian Stone 2001

/| DRAWS INTERSECTING LINES

void draw_intersect ()

{
cout<<" [\ "<<end;
cout<<" / \"<<end;
cout<<"/ \'<<end;

} // end draw_intersect

/I DRAWS A HORIZONTAL LINE

void draw_base ()

{

cout << ------- <<endl;
} // end draw_base
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Common Math Functions

e Commonly used math library functions
include

— cos(x) x isin radians, returns a value which
must be assigned as follows
enyvar = cos(rads);
—log(x), pow(X, y), sin(x), sgrt(x), fmod(x, y)
» These functions accept data through the parameter
list
» See Deitd & Deitel 319 Ed. Page 161
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Using Math Functions

e Math library functions

— Allow the programmer to perform common
mathematical calculations

— Areused by including the header file <cmat h>
¢ Functions called by writing
functionName (argument)
* Example
cout << sqrt( 900.0 );
— Callsthesqgrt (sguareroot) function. The preceding
statement would print 30
— Thesqrt function takes an argument of type doubl e
and returns aresult of typedoubl e, asdo all functions
in the math library
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Arguments (also known as
parameters)

 Function arguments (or parameters) can be
— Constants
sqrt( 4 );
— Variables
sqrt( x );
— Expressions
sqrt( sqrt( x ) );
sgrt( 3 - 6x );
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Function (with parameters or
arguments)
Definition Syntax

formal
return

type — identifi er parameter

list
identifier

formal
parameter_

_ formal
list T parameter >
] T
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formal
parameteif

Parameter Syntax

formal

reference
parameter]

formal

value

parameter

>
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Formal Reference Parameter

P const

type
identifiern

identifierr—»
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Formal Vaue Parameter

formal
value
parameter

‘ variable —>

declaratior
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Function (with parameters)
Call Syntax

actual
identifier paramete
r
list
actual
parametef actual
list paramete >
r
]
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Function Definitions

/I Creating and using a programmer-defined function
#include <iostream.h>

¢ Pr OtOtype te”S ?nt sqL_Jare(int); /l function prototype
compiler what to ™m0

eXpeCt to seein for (intx = 1; x <= 10; x++)

cout << square( x ) <<" "; //function call
the code and cout << end!;
return O;
defers 3/ F ion definiti
; ; unction definition
| mpl ementation | o)
until later {
returny * vy;
}
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Terminology

» Make sure that you understand and use the
following terminology
— Prototype
— user defined function
—invoke
— parameter
— return, return type
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Function Definitions with Return

» Formal definition (syntax) below
» Also need prototypes Formal Synt ax

e Calling convention required /

Retur n-type function-name(parameter-lijst)
{

declarations
statements

}
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Example Function with Return()

I* A programmer-defined square function */
#include <iostream.h>
int square(int); /* function prototype */
void main( {
intx;
for (x = 1; x <= 10; x++)
cout<< square(x); //function call

cout<<end!:
return O;
}
/* Function definition */
int square(int y)
{
returny * vy;
} Introduction toC and C++. CA212 © Brian Stone 2001 20
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Function Interactions Through

Parameters
 Functions may accept data from where they
are called.

 Functions may return data to where they
were called.

» Functions may have local data not
accessible to the rest of the program.
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Function with Parameters by
Value
/I Fig. 3.4: fig03_04.cpp

/I Finding the maximum of three integers
#include <iostream.h>

int maximum( int, int, int); // function prototype
int main()

{

int a, b, ¢, mymax;

cout << "Enter three integers. ";

cin>>a>>b>>c; //a bandcbeow areargumentsto the maximum function (

cout << "Maximum s " << maximum( a, b, ¢) << endl;

mymax = maximum(a, b, c); // my code to demonstrate a value returning
return O;

} Introduction toC and C++. CA212 © Brian Stone 2001 22
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/I Function maximum definition
/I X,y and z below are parametersto
/I the maximum function definition
int maximum( int x, inty, int z)
{ .
int max = x;
if (y>max)
max =y,
if (z>max)
max = z;
return max;

}
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Parameters by Value

Local copy of parameter made

Actual parameter unaffected by assignments
to local copy

Automatic Variable created off the stack
Question
— what is the effect of replacing

e mymax = maximum(a, b, c); //with
* maximum(a, b, ¢); 12
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Another Function with
Parameters by Value

[* Cube avariable using call by value */

#include <iostream.h>

int cubeByVaue(int );

main(){
int number = 5;
int return_num = Q;
cout<<"The original value of number is\n” << number;
return_num = cubeByV a ue(number);
cout<<"The new value of number is\n”<< return_num;
cout<<"The old value of number is\n”<< number;
return O;

}

int cubeByV alue(int n)

{ returnn* n* n; /* cubeloca variablen*/}

Introduction toC and C++. CA212 © Brian Stone 2001
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For Practice Only

* Do questions (they are mostly very small)
—(3.12), (3.13), (3.14), (3.18), (3.20), (3.48
graded)
» Harder ones include the following
—(3.41), (3.42)

» Ask mefor the code for all of these, will put

it on the network later !

Introduction toC and C++. CA212 © Brian Stone 2001
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Graded Exercises |
« Ex. 3.48 (usereturn) Deitel & Deitel 3 Ed.

» Write two separate functions using value
parameters and a return statement to
calculate each of the following.....

—areaof acircle

— circumference of acircle

— arectangle

— atriangle

— volume of asphere (4/3* Pi* r3)
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Graded Exercises ||

» Write aprogram which a builder will useto
calculate the area of garden left on asite
after building ahouse. The houseisa
rectangle, asisthe site. Y ou must subtract
the area of the house from the area of the
site. Make sure that the house fitsinto the
site, check the lengths and sides of each.
Use the function for area of arectangle
from the previous question.
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Parameters by Reference |

« |f more than one value has to be returned
from afunction, then we cannot simply use
thereturn () statement.

» We can send in the memory location of the
variables we want to change.

« Weuse’&' intheformal parameter list to
tell the compiler that we want to change
these values.

Introduction toC and C++. CA212 © Brian Stone 2001 29

[* A rewritten square function with r efer ence parameter */
#include <iostream.h>
void square(int &); /* function prototype with r efer ence parameter */
void main( {
int x;
for (x = 1; x <= 10; x++){
square(x); /[function call
cout<< x;}
cout<<endl;

}

void square(int & y) // no return statement here, note the ‘&’

{
y*=y;
}
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Notesonvoi d square(int &);

» Thereturn typeisvoid, no return statement will
appear in the body of the function

» The prototypeincludesa‘&’ inthe parameter list,
this denotes a reference parameter.

e Thefunction call passes‘x’ as a parameter, this
appearsas‘y’ within the body of the function, y is

X, hot alocal copy, we have passed the memory
location of ‘x’ foruseas‘y’ !
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Function with
Parameters by Reference 11

[* Cube avariable using call by reference */
#include <stdio.h>
void cubeByReference(int &); //notethe void return type hereand the ‘&’

void main( ){
int number = 5;
cout<<"The original value of number is\n" << number;
cubeByReference(number); /I no need to assign value from function
cout<<"The new value of number is\n” << number;
return O;

}

void cubeByReference(int & nRef) // used the ‘&’ again
{nRef = nRef * nRef * nRef; /* cube number in main */} // no need for return()
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Reference Parameters in Code

function
For the prototype we use

We do not use the return statement in the

—voi d cubeByReference(int &

To invoke the function we use

— cubeByRef er ence( nunber);

It looks then same here as before, just examine the

formal parameters to distinguish value or

reference
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Function with
Parameters by Reference IlI

#include <iostream.h>
int squareByValue(int);
void squareByReference(int &);
main(){
intx=2,z=4;
cout << "x =" << x << " before squareByValue" << endl
<< "Valuereturned by squareByValue: "

<< sqguareByValue(x) << endl

int squareByVa ue(int a){
returna*=a;
/I céller's argument not modified

}
void squareByReference(int & cRef)

CRef *= cRef;
/I caller's argument modified

}

<<"x =" << x <<" after squareByValue' << endl << endl;
cout << "z =" <<z <<" before squareByReference" << endl;
squareByReference(z);
cout << "z =" << z<<" gfter squareByReference" << endl;
return O;
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Storage

e Several issues exist
— Scope
— Persistence

» Wewill berevisiting this later with classes

e For now letslook at variables...

Introduction toC and C++. CA212 © Brian Stone 2001
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Storage Classes
» Storage class specifiers
— Storageclass
¢ Where object exists in memory
— Scope
* Where object is referenced in program
— Linkage
¢ Where an identifier is known
» Automatic storage
— Object created and destroyed within its block
— auto
» Default for local variables.
e Example:
auto float x, vy;
— register
« Triesto put variables into high-speed registers
— Can only be used with local variables and parameters

Introduction toC and C++. CA212 © Brian Stone 2001
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3.10 Storage Classes

o Static storage
— Variables exist for entire program execution
— static
¢ Local variables defined in functions
» Keep value after function ends
* Only known in their own function
— Extern
» Default for global variables and functions.
» Known in any function

Introduction toC and C++. CA212 © Brian Stone 2001
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| dentifier Scope Rules

File scope
— Defined outside a function, known in all functions

— Examplesinclude, global variables, function definitions and functions

prototypes
Function scope
— Can only be referenced inside a function body
— Only labels(st art:,case: , etc)
Block scope
— Declared inside ablock. Begins at declaration, ends at }
— Variables, function parameters (local variables of function)

— Outer blocks “hidden” from inner blocks if same variable name

Function prototype scope
— ldentifiersin parameter list

— Namesin function prototype optional, and can be used anywhere

Introduction toC and C++. CA212 © Brian Stone 2001
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1 // Fia. 3.12: fia03 12.cpp
2 // A scopina example .
3 #include <iostreanp 1. Function prOtOtypeS
4
5 wusing std::cout:
6 i a5 . it1 ali
o usina std:zendl 1.1 Initialize global
8 void a( void); /1 function prototype variable
9 void b( void ): /1 function prototvpe
10 void c( void); /1 functi T T X
11 / X isdifferent inside and outside L
12 int x = 1; // alobal vzl the block. 1.2 Initidizeloca
13 i
14 int main() variable
15 {
16 int x = 5; /1 local variable to main
17 1.3 Initializelocd
18 cout << "|ocal in outer scope of main is " << x << endl; . .
19 variablein block
20 { /] st\rt new scope
21 int x =7;
22 .
23 cout << "local x inNnner scope of main is " << x << 2. Ca” functlons
24 1 / end new Scope
25
26 cout << "l ocal uter sogpe of main is " << x << endl; 3 Output results
27 )
28 a(); | ocal x
29 b(); - . —
30 c(): /I ¢ uses al oba local x in outer scope of mainis5
31 a(); [/ areinitializes 4 |ocal X ininner scope of mainis 7
32 b(): /1l static local x rd f AR
88 c(): /1 al obal x also ret Iocalxmouterscopeof mainiss p
34
35 cout << "local x in mainis " << x << endl;
36
37 return O; g R
38 } Local automatic variables are
39 created and destroyed each
40 void a( void ) timea iscalled.
41 {
42 int x =25; // initialized each tine a i scarreo
43
44 cout << endl << "local x inais " << x
45 << " after entering a" << endl ;+—— local x in ais 25 after entering a
46 XS local x in ais 26 before exiting a
47 cout << "local x inais " << x /
48 << " before exiting a" << endl;
49 }
50
51 void b( void )
gg { e i 5 ‘ Local static variables are
static int x = 50; 4f7—Static Tnitialization onl
54 /] first time b is called. not d?arowahen the
55 cout << endl << "local static x is " << x function ends.
56 << " on entering b" <<endl; o
57 +4X; local static x is 50 on entering b
58 cout << "local static x is " << X ————local static x is 51 on exiting b
59 << " on exiting b" << endl;
60 } -
il Global variables are always
62 void ¢( void ) / accessible, Function ¢
63 { references the global x.
64 cout << endl << "global x is " << x - -
N . " global x is 1 on entering c
65 << " on entering ¢" << endl; «— |
66 X *= 10; /global X is 10 on exiting c
67 cout << "global x is " << x << " on exiting c¢c" << endl;
68 1
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| ocal
| ocal
| ocal

| ocal
| ocal

| ocal
| ocal

X in outer scope of main is 5
X in inner scope of mainis 7
X in outer scope of mainis 5
x in ais 25 after entering a

X in ais 26 before exiting a

static x is 50 on entering b
static x is 51 on exiting b

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

| ocal
| ocal

| ocal
| ocal

x in ais 25 after entering a
X in ais 26 before exiting a

static x is 51 on entering b
static x is 52 on exiting b

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

| ocal

X in minis 5

Program Output
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Introducing Pointers

Direct access to memory is forbidden
In Java, but is common and even
necessary in C and C++
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Pointer Variable Declarations and

Initialization
» Pointer variables count
— Contain memory addresses as their values .

— Normal variables contain a specific value (direct reference)
— Pointers contain the address of a variable that has a specific
value (indirect reference)

* Indirection

— Referencing a pointer value

 Pointer declarations
— * indicates variable is a pointer
int *myPtr;
declaresapointer toani nt , apointer of type
int *
— Multiple pointers require multiple asterisks

int *nmyPtrl, *nyPtr2;
Introduction toC and C++. CA212 © Brian Stone 2001

count Pt r count

Using Pointers

» Can declare pointers to any datatype
» Pointersinitialization
— Initialized to O, NULL, or an address
* 0 or NULL points to nothing

Introduction toC and C++. CA212 © Brian Stone 2001
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Pointer Operators

» & (address operator)
— Returns the address of its operand

— Example
int y = b;
int *yPtr;
yPtr = &y; /1 yPtr gets address of y

— yPtr “pointsto” y

y Yptr y
%/v- 500000 600090 600000 5 |

;

address of y
i s val ue of

yptr
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Pointer Operators...

e * (indirection/dereferencing operator)

Returns the value of what its operand points to

*yPtr returnsy (becauseyPt r pointstoy).

* can be used to assign a value to alocation in memory

*yptr = 7, /'l changes y to 7
— Dereferenced pointer (operand of * ) must be an lvalue (no
constants)

 * and & areinverses
— Cancel each other out
*&myVar == nyVar
and
& yPtr == yPtr
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1 // Fidg. 5.4: fiag05 04.cpp

2 /] Usina the & and * operators

3 #include <iostreanmr

4

5 wusina std::cout: a

6 usina std::endl: The address of a isthe + 1 Declare
7 valueof aPtr. variables

8 int main()

9 {

10 int a: //~a is an inteaer

11 int *aPtr: / aPtr is a pointer to an inteaer

12

iz a=7 The* operator returns

14 aPtr = &a: /] aPtr set to address of a an aliasto what its ze
£ operand pointsto. aPt r

16 cout << "The address of a is " << & ) * :

17 << "\nThe value of aPtr is " << aPtr: pointsto a, so aptr

18 returns a.

19 cout << "\n\nThe value of ais " << a Fp

20 << "\nThe value of *aPtr is " << *aPtr: ThISISCdI?d

21 dereferencing Notice how * and
22 cout << "\n\nShow na that * and & are inverses of H

23 << "each other.\n&aPtr = " << &aPtre— | & areinverses
24 << "\n*&Ptr =" << *&aPtr << endl:

25 return O:

¢ 3. Print Program
Output

a7

Calling Functions by Reference

» Cadl by reference with pointer arguments
— Pass address of argument using & operator

Allows you to change actual location in memory
* operator used as alias/nickname for variable inside of

function

voi d doubl eNun{ int *nunber )

{

*number = 2 * ( *nunber );

}

*nunber used as nickname for the variable passed in
When the function is called, must be passed an address

doubl eNun{ &ryNum ) ;
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1 // Fig. 5.7: fig05 07.cpp
2 // Cube a variable using call-by-reference
3 // with a pointer argunent
4 #include <iostreanm>
5
S Wl g 5:33 : COZI‘? Notice how the address of

std::endl; femi
Lo nunber isgiven - 1 Function

.

9 void cubeByReference( int * ); /'l py CUbeByRef erence prototype - takes a
10 expectsa pointer (an pointer toani nt
L O ol Gy address of avariable). e '
12 { e 1.1 Initidize
13 i = 5, :
o int nunber 5; variables
15 cout << "The original value6f nunber is " << nunber;
16 cubeByRef erence( &nunber :
17 cout << "\nThe new val ue of nunber is " << nunber << endl; * 2. Call function
12 ) rEiwrm @ Inside cubeByRef er ence,
P *nPtr isused (*nPtr is
21 void cubeByReference( int *nPtr ) nunber). Thisis Define function
22 dereferencing
23 *nPtr = *nPtr * *nPtr * *n /| cube T 1T e 17
24}

¢ Program Output
The original value of nunber is 5
The new val ue of nunber is 125
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We will Revisit Pointers

» Arrays make extensive use of pointers

» Pointersto user defined data structures
— Arrays and Strings

— Implementing stacks and queues, linked lists
and trees

— Classes and Structs
— Pointers to Functions even!

* Pointersareused in FileI\O
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