1

Introduction to Scientific and Engineering

Computation

(BIL 102E)

LECTURE 8

2

FUNCTIONS

Functions allow

1. generic/parametric solutions to problems

2. division of big problems into smaller ones

3. reuse of programsegments in different problems

Before getting in to details let us first examine the data types :

Instead of repeating the same code again and again we can use

functions.

5

The number of bytes used for a specific type or for a given

variable can be learned by using the sizeof () function. For

example,

long in t

k;

printf (^The size of memory occupied by k : %d \ n~, sizeof (k));

printf (^The size of memory occupied by char type : %d \ n~,

sizeof (char));

Formatting

long and short variables:

To format an expression in a printf or scanf function call, h and l modif i ers are used in front of the usual specifiers, to specify shorter or longer for matting, respectively.

For example, s hort int sx =1;

l ong int lx=1000000;

p rintf

(^ sx = % hd , lx = %ld \ n~, sx , lx);

6

When working with derivations of integer type, it is possible to state whether the variables represent only positive values or both positive and negative values, by using unsigned and signed modifiers respectively.

For example for a systemwhere 16 bits are used for integers, char ch ; /* x can hold values between ˘ 128 (2 7 ) and 127 (2 7 ˘ 1) * / unsigned char uch ; /* uch can hold values between 0 and 255 (2 8 ˘ 1) */ int x; /* x can hold values between - 32768 (2 15 ) and 32767 (2 15 ˘ 1) */ signed int y; /* the same as int y */ unsigned int z; /* z can hold values between 0 and 65535 (2 16 ˘ 1) */ long int lx; /* lx can hold values between (2 31 ) and (2 31 ˘ 1) */ signed long int ly ; /* the same as long int ly */ unsigned long int lz ; /* lz can hold values between 0 and (2 32 ˘ 1) */

7

Functions

We frequently use functions in mathematics.

Examples include

¯ Trigonometric functions (sin(x), cos (x)),

¯ Exponential functions (e x , 10 x )

¯ Rational functions such as

1

5 2

) , (

2

� y

x xy x y x f

However, a function in C is not restricted with math functions and any piece of code that can be called again and again can be defined as a function. Every function has a set of arguments (as input parameters) such as x and y in the above examples and an output (that is the result of the function).

In order for us not to reinvent the wheel, there are many functions ready for use in C.

Some of these functions, such as the sizeof () function, come with the core of the language.

However, a great deal of functions are provided by the standard libraries.

For example, we have already seen that printf (), getc (), getchar (), putc (), putchar () and scanf () functions are defined in stdio library. So, in order to be able to use these functions we have to include the header file stdio .h that holds the declarations in our Cprogram.

There are other standar d libraries such as stdlib , and math , which we will be talking about.

Math Functions

Some of the mathematical functions and constants are defined in math library.

¯ sin (x), cos (x), tan (x)

�

Trigonometric functions

¯ asin (x), acos (x), atan (x) �

Trigonometric functions

¯ pow (x,y), sqrt (x) �

x y , Square Root (the same as pow (x, 0.5) )

¯ exp (x), log (x), log10 (x) �

Exponential, natural log, login base 10

¯ ceil (x), round (x), floor (x) �

Converting to integer

In these functions, x can be a real ( double ) valued expression

and the output of the function is a real ( double ) number.

So these are used anywhere in the programwhere a real

expression can be used. For example,

2* sin (0.5)/ log (x+4.0) �

asin ( cos (2*x)) �

) 4 ln(

) 5 . 0 Sin( 2

� x

)) 2 ASin(Cos( x

10

#include < stdio .h>

#include <math.h>

main()

{

double x;

const double PI = 3.14159265358979323846;

for (x=0.0; x<=90.0;x+=15.0)

printf ("Sin(%2.0 l f) = %5.3lf \ n",x , sin (x * PI/180.0));

}

#include < stdio .h>

#include <math.h>

main()

{

double x;

const double PI = 3.14159265358979323846;

for (x=0.0; x<=90.0;x+=15.0)

printf ("Sin(%2.0 l f) = %5.3lf \ n",x , sin (x * PI/180.0));

}

Example

Sin( 0) = 0.000

Sin(15) = 0.259

Sin(30) = 0.500

Sin(45) = 0.707

Sin(60) = 0.866

Sin(75) = 0.966

Sin(90) = 1.000

Sin( 0) = 0.000

Sin(15) = 0.259

Sin(30) = 0.500

Sin(45) = 0.707

Sin(60) = 0.866

Sin(75) = 0.966

Sin(90) = 1.000

Trigono metric functions use

radians. So we have to

convert to radians firs t.

s in () function call is replaced

by the result of the function

(that is a double value).

math.h library is u sed so

that we can make use of

sin () function.

11

When you call a function

When running if a programcomes to a function the execution continues fromthe function. This is named as calling the function . Before this, however, all argument expressions of a function is evaluated and the results of these evaluations are passed to the function. The statements in the function are then executed and the result of the function is returned to the main program. The main programthen acts as ifthe function statement is replaced by the result of the function. For instanc e, x=30.0;

y = 1.5 + sin (x * PI/180.0);

First, x*PI/180.0 ( � 0.523...) is evaluated. Then, sin() function is called. The function call statement ( ie sin (x * PI/180.0)

) is replaced by the result ofthe function (0.5). Last, the statemen t y=1.5+0.5; is evaluated. Hence, at the end of the second statement the variable y is 2.

12

Start

End

Function

Call

Function

Call

Function

Return

Function

Return

Function

Execution

Function

Execution

Picturizing a function call.

14

#include

< stdio .h>

/* Definition of the Times2() function */ double

Times2( double x)

{ double y;

y=2*x;

return y;

}

/* Main function */

/* This iswhere the program starts execution */ main()

{

/* Call Times2 function */ printf

("2 times 5 is %4.0lf \ n", Times2(5));

}

#include

< stdio .h>

/* Definition of the Times2() function */ double

Times2( double x)

{ double y;

y=2*x;

return y;

}

/* Main function */

/* This iswhere the program starts execution */ main()

{

/* Call Times2 function */ printf

("2 times 5 is %4.0lf \ n", Times2(5));

}

Example

2 times 5 is 10

Note that you cannot make changes o n

( make ass ign men ts to) argu men ts .

For exa mple, x = 2 *x; is not allowed here.

15

How does it work?

1. As every C programthe programstarts fromthe main() statement.

2. The main() function consists of on l y one statement ( printf ) so this is

executed.

3. For printf to be executed firstTimes2() function is called.

4. The actual argument 5 is converted to a double value (5.0) befor e calling

the function. The execution of the function is as follows:

1. A space for a real (double) argument is reserved in memory with

label x and initialized to the actual argument value, 5.0.

2. A space for a double variable is reserved in memory with label y .

3. y=2*x; is executed. So, y becomes 10.0 .

4. Function returns the value of y. ( ie 10.0)

5. The return value of function is used instead of the function so we see 10

in the output.

16

#includ e < st dio .h>

/* Defi ning Factori al an d Sinus func tions * / double Facto rial( do uble n)

{ doubl e i,f act=1.0 ;

for (i =2.0; i<=n;i+ +)

{ fa ct *= i;

} retur n fac t;

} double Sinus ( double x)

{ con st in t n=5;

int i;

dou ble x _to_2k1 =x, s ign=1.0 , sin _x=0.0;

f or (i=1; i<=n;i+ +)

{ s in_x += sign * x_ to_2k1 / Fac torial ( ( doub le ) 2*i - 1 );

s ign= - sign;

x _to_2 k1 *= x *x;

} ret urn s in_x;

}

#includ e < st dio .h>

/* Defi ning Factori al an d Sinus func tions * / double Facto rial( do uble n)

{ doubl e i,f act=1.0 ;

for (i =2.0; i<=n;i+ +)

{ fa ct *= i;

} retur n fac t;

} double Sinus ( double x)

{ con st in t n=5;

int i;

dou ble x _to_2k1 =x, s ign=1.0 , sin _x=0.0;

f or (i=1; i<=n;i+ +)

{ s in_x += sign * x_ to_2k1 / Fac torial ( ( doub le ) 2*i - 1 );

s ign= - sign;

x _to_2 k1 *= x *x;

} ret urn s in_x;

}

Note that the variable i here is different fro mthe variable i in Sinus function. Variables defined in functions are called local variables. They can be used only ins ide the function. When function ter minates a ll local variables are re moved fro m me mory.

The sa me ru le ap plies for the argumen ts. Hence the variable x here is different (as a memo ry location) f ro m the variable x in main() function.

This is called casting . The express ion on the right is converted to a double. Fo r this particular examp le has no effect on the progra m.

17

main()

{ double x;

const double PI = 3.14159265358979323846;

for (x=0.0; x<=90.0; x+=15.0) p rintf ("Sin(%2.0lf) = %5.3lf \ n",x, Sinus (x * PI/180.0));

}

Sin( 0) = 0.000

Sin(15) = 0.259

Sin(30) = 0.500

Sin(45) = 0.707

Sin(60) = 0.866

Sin(75) = 0.966

Sin(90) = 1.000

18

Declaring Functions

A function declaration is the interface part (the part without t he

main body) of the function. Functions must be declared before

they are used. However, definition of a function

(implementation details) can be given later.

For example,

#include < stdio .h>

double Times2( double x); /* Declaration of Times2 */

main(){

printf ("2 times 5 is %4.0lf \ n", Times2(5));

}

/* Definition of the Times2() function */

double Times2( double x){

double y;

y=2*x;

return y;

}

#include < stdio .h>

double Times2( double x); /* Declaration of Times2 */

main(){

printf ("2 times 5 is %4.0lf \ n", Times2(5));

}

/* Definition of the Times2() function */

double Times2( double x){

double y;

y=2*x;

return y;

}

The function is def ined after

the main function.

The function has to be declared before it is used.

19

Functions that do not return a value

Some functions do not need to return a value. These functions are declared as of type void . Similarly some functions do not need any arguments. void can also be used to state that the function has no arguments. For example, void printWarning ( void )

{ printf

(^You have been warned! \ n");

} main()

{ printWarning ();

printWarning ();

}

You have been warned!

You have been warned!

20

Functions with more than one

arguments

Some functions require more than one arguments. For

example,

double MyPow ( double x, double y)

{

return exp(y*log(x));

}

If the number of arguments are not known, an ellipsis (...)

can be used. For example, the declaration of the printf

function looks like

int printf ( const char *format_ str , ...) ;

�

�

�

�

�

�

�

� �

�

�

� otherwise

) 0 1 0 1 ( if x

1

) 0 1 ( if

) (

2

2

2 x

. x . -

. x x x f

Write a function that realize the following function:

double f ( double x)

{ double r;

if (x <= - 1.0) r = - x* x;

else if (( - 1.0 < x) && (x < 1.0)) r = 1/ ( x* x);

else r = x* x;

return r;

}

22

Example double Sine( double x) { double s in_x =0.0;

int k ;

double ter m_k ;

for ( k=1 ;k<= 16 ;k++) { ter m_k = pow ( - 1 , k+1) * pow ( x , 2*k - 1) / Factoria l (2*k - 1) ;

sin_x = sin_x + ter m_k ;

if ( f abs (ter m_k ) < 1.0e - 6 ) brea k ;

} return sin_x;

}

double Sine( double x) { double s in_x =0.0;

int k ;

double ter m_k ;

for ( k=1 ;k<= 16 ;k++) { ter m_k = pow ( - 1 , k+1) * pow ( x , 2*k - 1) / Factoria l (2*k - 1) ;

sin_x = sin_x + ter m_k ;

if ( f abs (ter m_k ) < 1.0e - 6 ) brea k ;

} return sin_x;

}

Write down a function named Sin e(x) to calculate Sin(x) approximately. Use the following equation

�

�

�

�

�

�

n k

k k k

x x Sin

1

1 2 1

)! 1 2 (

) 1 (

) (

The function should not take into account any terms with absolut e value less than 10 - 6 and should take at most 16 terms of the series. You may assume that math library isbeing used and a function called Factorial has b een defined to find the factorials of numbers .

fabs () function fin ds the absolute value of f loating point nu mb ers.