FUNCTIONS - INTRODUCTION

[0 Consider the algorithm to draw two 4x4 squares at certain positions

. Il dawthefirg & position(22)
noveto(22
drawby (40
drawby (Q4
dawby (-40

drawby (Q-4

. /I dawthe second & position (44
noveto(44)
drawby (40
drawby (04
drawby (-4 0
draw by (Q-4
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INTRODUCTION

[0 Suppose we want to draw 100 squares ? Surely we don’t want to write

out the square drawing instructions 100 times

0 Functions allow a sequence of statement to be referred to by a name

and parameterized

[0 Calling a function causes statement sequence to be executed and a
value may be returned when the function terminates

Parameterization allows the same function to be applied to many
different values without changing the statements

0 sqrtis function that computes square root of number, sqrt(4) computes
square root of 4, sqrt(9) computer square root of 9! Same sequence of

statements inside function, with different parameter returns different
value
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A SOLUTION TO THE SQUARES DRAWING PROBLEM

. Il dgaithmtodrawa un que square (draw squar€)
drawby (40
drawby (Q4
dawby (-40
drawby (Q-4

. [/l dgaithmtodrawthet wo squares
noveto(22
draw square
noveto(44)
draw square

ND LUTION UAR RAWIN
PROBLEM

. [/l dgaithmtodrawa un que square (draw square) & apostion (X Y)
noveto(xy)
drawby (40
drawby (Q 4
drawby (-4 0
drawby (Q-4

. Il dgaithmtodrawthet wo squares

draw square & (22
draw square & (44
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FUNCTIONAL ABSTRACTION

Also know as procedural abstraction

O Allows program to be composed of collection of functions

O Allows common statement sequences to be written once

[0 Each function names a sequence of logically connected statements

0 Functions may call other functions
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A FUNCTION PROGRAM EXAMPLE

# nd ude “pen h”
Pen p(10);
va d draw _squar &)
{
p.draw by(4 0);
p. draw_by(Q 4);

p.draw by(-40);
p.draw by(Q-4);

}

in nan)

{
p. move ta(2 2);
draw squar €);
p. nove_ta(4 4;
draw squar €);
reurngG

}

Programming 1

/l'ind udefile
/| ded are vari abe
/I functionto draw a 4x4 square

/I @ nfuncti on
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ToP-DOWN PROGRAM DESIGN

0 Decompose a problem into smaller manageable problems

Suppose we want a program to draw 3x3 stars

* % %k

* % %k
* Xk X%

0 Decompose the problem to draw a row of three stars
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ToP-DOWN PROGRAM DESIGN

. To drawthe whd e patern
— Movethe pentothe postion o the batomrow
— Drawarowd three gas
— Movetothe gat d the second row
— Drawarowd three gas
— Movetothegat o thethirdrow
— Drawarowd threegas

. To dawarowadf gas
— Drawaga
— Movethe penthree unitstotheright
— Drawada
— Movethe penthree uritstotheright
— Drawada

. Thesndles uit o the rodemis nowto dawaga

Programming 1
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FUNCTION DECLARATION

O Introduces the function name, function return type, and function
parameters to the program

. Thefundion body (gaenerts) is nat pat o the ded araion

. Afundion nug be ded aedbefareitis used
For nat: reuntype function name(paange lig);
paanger lid: type parand, type paran® type paran8 dc

0 Some function declarations:
. doul e sgt(doul e);
. in funcl);
. vadfuncZ char, irn);

0 Header files typically contain function declarations, e.g. math.h
contains: double sqrt(double)
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FUNCTION DEFINITION

00 Introduces the function name, function return type, and function
parameters as well as the function body to the program

. Function body (thei np enert&ion) isacomnmpound gaenent
reun type function _nane(paranete lig)
{
/I Functi on body
}
. Function Defi nition Exanpl &
vadpint fung()
{

cou << “hdlo world” << end;

}

. Afundioncan be dfinedinany pat d theprogramtext or wthna
liray
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FUNCTIONS AND PROGRAM STRUCTURE

O A Program typically consists of functions

Each function average 20-30 lines

0 Functions must be declared before they are used, e.g:
/I preprocessar daenerts
defi nefunction 1
defi nefunction 2
defi nefunction 3

{ cdl function 2}
i ()
{
cdl fundion 1
cdl function 3
}

FUNCTIONS AND PROGRAM STRUCTURE

[0 Using declarations allows the order to be flexible:
/I preprocessar daenerts
ded arefundion 2
defi nefundion 3

{ cdl function 2}
defi ne function 1
defi ne functi on 2
e n
{
cdl fundion 1
cdl function 3
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VoID FUNCTIONS

O These are functions that do not return a value

They can still cause a side effect by modifying a global variable

0 Example: int num = 1;
void print_func()
{
cout << “hello world” << num << endl;

num = num + 1;

0 Note: It is not possible to declare variables of type void because type
void has no values, i.e. it has no structure
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PARAMETERIZED FUNCTIONS

[0 A function declaration must include the list of parameter types (with an
optional name):

—irtfunc(int) o irtfunc(int X
The ogiond naneistoi nprove readability

[0 Each parameter type specifies the type of the value that should appear
as a function argument when the function is called

. Therdaethefuncionfunctakes one parangte whchisanirteger
funccanbecdledusng it x =func(42);

. Thefundion naneisfdlowed by alrackeedlig o function agunerts
. Note Afundion defiritiondsorequres aparange lig

. Wthnthefundion body the parangters ae access e as vari ad es whi ch
aenanedinthe parange lig wththar types
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PARAMETERIZED FUNCTIONS

o irtfunc(int x irt y)
{
/I g acefundion body here
/I variad es x and y can be used here
}
x andy aetheparaneter variad estha can be usedinthe functi on body

. Notetha thetypes d the parangters nust bethe saneinthe fundion
ded ar ati on and defi nti on

[0 Formal parameters: the parameters used in the function definition,
e.g.xandyin

int func(int x, inty) ...
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PARAMETERIZED FUNCTIONS

0 Actual parameters or arguments: the parameters used in the
function call, e.g. 10 and 20 in

int x = func(10, 20);

[0 Note that the actual parameters are evaluated before being passed to
the function, e.g.

inra=10 b=20
in x=func(a2 ath);

. The adud paranetes passedtofunc ae 5and 30
. The ada o evd udion o agunertsis undefi ned
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FUNCTIONS AND SCOPE

. Funcions nmay oy bereferedto wth nthe scope o the ded arion

. Dedadions nadeinafundion body a conpound gaenert aelocd to
thet scope

. Function paraneters are variald esi nthe scope o the functi on body

. Anewvaiadeisaesdedfa each paranger whenever the fundionis
cdled

. Each paraneter vaiad eis destroyed whenthe fundionterm naes

Hence paraneters arel ocd tothefundionthey are pat o
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RETURNING FROM A FUNCTION

[0 A function that returns a value (l.e. not void) must contain at least one
return statement

irtti nes two(int x
{
reunx*2

}

The return statement evaluates the following expression and returns its

value as the result of the function

. Afundiontem naes as soon as arédun va ueis execu ed

. Thevduereguned by areun gaenert nust be o thetype spedfiedin
the fundi on ded arion

. Afundioncan have severd re uwrngaenens bu orly one of themcan be
execut ed
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RETURNING FROM A FUNCTION

O A return statement can also be used without a return expression in a
void function

va dfung()
{
/I dosone $uf here
if(@a==b
reun /lreunealy
/I dher wse carry on

}

When return is executed the function will immediately terminate
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DEFAULT PARAMETERS

[0 Function parameters may be given default values
irt func(int x = 10);

. Iffunciscdled wthanenpy parange lig

func();
thenthe praneg e vaiade xwll beintidizedto 10

. Iffunciscdled wthapaxange

fung(19);
thenthe dfadtis NOT used andthe paranete vaiad e xisintidizedto
theadtud perareter vdue l.e 15
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DEFAULT PARAMETERS

0 Note that default parameters must appear at the END of the parameter

list
int func1(int x = 1); /I this is ok
int func2(int x, inty = 1); /I this is ok
int func3(int x = 1, int y); /l this is not ok

0 Also several default parameters can be given

int func4(charc, intx =1, inty = 1); this is ok
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PARAMETER PASSING IN FUNCTIONS

[0 Arguments/Parameters are a way to share data between two functions.
00 In all the programs we have seen so far, the arguments in a function
call provide data needed by the called function
. they pass daaintothefuncion
0 There are times when a function wants to use its parameters to pass
data back to the calling program.
. exanp es aewhen fundions nust rern norethan one val te @ nust
nod fythe argunens passedtothem

We need two types of parameter passing to handle these two situations.

void main () b void main ()
{ / : value { J

void f(&x, &y, &2z)

... void (X, y, z) .. e
fla, b, c)/ { Jr fla, b, ¢); || {

. )

by }.. \

reference

Programming 1
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CALL BY VALUE

0 C++ uses call by value to pass information to functions. Given:
void func(int i)

{
i=10;
}
int main()
{
inti=2;
func(i);
/1'i still has the value 2 here
}
CALL By VALUE

[0 Call by value means the value of i is passed as a parameter to func
. Thelocd vaiddei o funcisintidizedtothe vd ue

. Thelocd vaiddei d na ntha appearsinthe cdl isl &t utouched -
oy acopy o itsvd ueis passedtot he funati on func
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CALL BY REFERENCE

O We have already seen that C++ uses call by value to pass information
to a function (using parameters)

0 References allow a second parameter passing mechanism to be used -
call by reference

0 If a formal parameter type is a reference type
int func(int &x)

Then the parameter variable x will be a reference to the actual
parameter

Programming | Lecture 7 -- 2

CALL BY REFERENCE

inty =1;

func(y);
x will be initialized to a reference to y when the function func is called
So x and y will both denote the SAME object

Contrast this to call by value where x will be initialized to a copy of the
value of y

O Note that it is an error to write

func(1);
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USES OF CALL BY REFERENCE

0 For Example:

0 Given that we want a function that takes two variables and swaps their
values around, we can write

void swap(int &x, int &y)

{
int temp = x;
X=Y;
y = temp;
}
Therefore
inta=1,b=2;

/I at this point a equals 1 and b equals 2
swap(a, b);
/I at this point a equals 2 and b equals 1

Programming |
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USES OF CALL BY REFERENCE

[0 Call by reference has several uses
. fa dfidency - large ojeds do na needto be cod ed
. asa nechanismtha dlows adud perangersto be changed by afundion

. it provides a nechansmfa afuncionto“reurn’” norethan one vd ue
Deat a can be cdcd aedinafunci on and passed backtothe cdl e via
reference paaretes

it dvde(in xirtyirt & it &)

{
if (y==0reunQ /l réurnfal
g=x/y, r=x %y, rdunl /[ reurndl ok

Programming 1
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USES OF CALL BY REFERENCE

Thi s can be used as fdl ows:

irt how_many, rem
if (dvide(17, 3 how_nany, rem) {
/I do sonethi ng us ng how_many and rem
}
dse {
/I dosonmething dsedncedvidefdled
}

. Note Fundionstha does na reun vd ue ae songi nes caled
procedures For exanp e

vaddea(irnt fromirtto;
isded ardion of procedue
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