
Numerical Methods with Scilab

Delhi University

1 To solve Transcendental and Polynomial equa-
tions

1.1 Solving a Polynomial Equation using the Bisection
Method

// So lv ing polynomial equat ions
// B i s e c t i on Method

// Consider the f o l l ow ing polynomial equat ion :
// xˆ2 + x = 1

func t i on y = f ( x )
y = xˆ2 + x − 1

endfunct ion

// We f i r s t d e f i n e an i n t e r v a l over which we know a root e x i s t s .
a = 0
b = 5

// We v e r i f y that the above i n t e r v a l end−po in t s have d i f f e r e n t s i gn s :
f ( a )
f ( b )

f o r i = 1:20 // 20 i t e r a t i o n s
p r i n t f ( ” I t e r a t i o n number %d\n” , i )
c = ( a+b ) /2
i f s i gn ( f ( c ) ) == 0 then

the_root = 0 ,
break

e l s e i f s i gn ( f ( c ) ) == s ign ( f ( a ) ) then
a = c

e l s e
b = c

end
end

the_root = c

1.2 Solving a Transendental Equation using the Bisection
Method

// So lv ing t ranscendenta l equat ions
// B i s e c t i on Method

// Consider the f o l l ow ing t ranscendenta l equat ion :
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// s i n (x ) = 0

func t i on y = g ( x )
y = s in ( x )

endfunct ion

// We f i r s t d e f i n e an i n t e r v a l over which we know a root e x i s t s .
a = −%pi /4
b = %pi /2

// We v e r i f y that the above i n t e r v a l end−po in t s have d i f f e r e n t s i gn s :
g ( a )
g ( b )

f o r i = 1:20 // 20 i t e r a t i o n s
p r i n t f ( ” I t e r a t i o n number %d\n” , i )
c = ( a+b ) /2
i f s i gn ( g ( c ) ) == 0 then

the_root = 0 ,
break

e l s e i f s i gn ( g ( c ) ) == s ign ( g ( a ) ) then
a = c

e l s e
b = c

end
end

the_root = c

1.3 Solving a Polynomial Equation using the Secant Method

// So lv ing polynomial equat ions
// Secant method :

// Consider the f o l l ow ing polynomial equat ion :
// xˆ2 + x = 1

func t i on y = f ( x )
y = xˆ2 + x − 1

endfunct ion

// We de f i n e our f i r s t two gues s e s
x (1 ) = 0
x (2 ) = 5

f o r i = 3:9 // 7 i t e r a t i o n s
x ( i ) = x ( i−1) − f ( x ( i−1) ) *( x ( i−1) − x ( i−2) ) /( f ( x ( i−1) ) − f ( x ( i−2) ) ) ;
d i sp ( x ( i ) )

end

the_root = x ( i )

1.4 Solving a Transcendental Equation using the Secant
Method

// So lv ing t ranscendenta l equat ions
// Secant method :

// Consider the f o l l ow ing t ranscendenta l equat ion :
// s i n (x ) = 0

func t i on y = g ( x )
y = s in ( x )

endfunct ion

// We de f i n e our f i r s t two gues s e s
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x (1 ) = −%pi /4
x (2 ) = %pi /2

f o r i = 3:9 // 7 i t e r a t i o n s
x ( i ) = x ( i−1) − g ( x ( i−1) ) *( x ( i−1) − x ( i−2) ) /( g ( x ( i−1) ) − g ( x ( i−2) ) ) ;
d i sp ( x ( i ) )

end

the_root = x ( i )

1.5 Solving a Polynomial Equation using the Regula Falsi
Method

// So lv ing polynomial equat ions
// Regula Fa l s i Method

// Consider the f o l l ow ing polynomial equat ion :
// xˆ2 + x = 1

func t i on y = f ( x )
y = xˆ2 + x − 1

endfunct ion

// We f i r s t d e f i n e an i n t e r v a l over which we know a root e x i s t s .
a = 0
b = 5

f o r i = 1:25 // 10 i t e r a t i o n s
p r i n t f ( ” I t e r a t i o n number %d\n” , i )
c = ( f ( b ) *a − f ( a ) *b ) /( f ( b ) − f ( a ) )
i f s i gn ( f ( c ) ) == 0 then

the_root = 0 ,
break

e l s e i f s i gn ( f ( c ) ) == s ign ( f ( a ) ) then
a = c

e l s e
b = c

end
end

the_root = c

1.6 Solving a Transcendental Equation using the Regula
Falsi Method

// So lv ing t ranscendenta l equat ions
// Regula Fa l s i Method

// Consider the f o l l ow ing t ranscendenta l equat ion :
// s i n (x ) = 0

func t i on y = g ( x )
y = s in ( x )

endfunct ion

// We f i r s t d e f i n e an i n t e r v a l over which we know a root e x i s t s .
a = −%pi /4
b = %pi /2

f o r i = 1:20 // 20 i t e r a t i o n s
p r i n t f ( ” I t e r a t i o n number %d\n” , i )
c = ( g ( b ) *a − g ( a ) *b ) /( g ( b ) − g ( a ) )
i f s i gn ( g ( c ) ) == 0 then

the_root = 0 ,
break
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e l s e i f s i gn ( g ( c ) ) == s ign ( g ( a ) ) then
a = c

e l s e
b = c

end
end

the_root = c

1.7 Solving a Polynomial Equation using the Newton Raph-
son Method

// So lv ing polynomial equat ions
// Newton Raphson method :

// Consider the f o l l ow ing polynomial equat ion :
// xˆ2 + x = 1

func t i on y = f ( x )
y = xˆ2 + x − 1

endfunct ion

// Our i n i t i a l guess :

x (1 ) = 0

// The d e r i v a t i v e :
f unc t i on y = df ( x )

y = 2*x + 1
endfunct ion

f o r i = 2:5 // 4 i t e r a t i o n s
x ( i ) = x ( i−1) − f ( x ( i−1) ) /df ( x ( i−1) ) ;
d i sp ( x ( i ) )

end

the_root = x ( i )

1.8 Solving a Transcendental Equation using the Newton
Raphson Method

// So lv ing t ranscendenta l equat ions
// Newton Raphson method :

// Consider the f o l l ow ing t ranscendenta l equat ion :
// s i n (x ) = 0

func t i on y = g ( x )
y = s in ( x )

endfunct ion

// Our i n i t i a l guess :

x (1 ) = −%pi /4

// The d e r i v a t i v e :
f unc t i on y = dg ( x )

y = cos ( x )
endfunct ion

f o r i = 2:5 // 4 i t e r a t i o n s
x ( i ) = x ( i−1) − g ( x ( i−1) ) /dg ( x ( i−1) ) ;
d i sp ( x ( i ) )

end
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the_root = x ( i )

2 To find the Complex Roots of equations

// So lv ing a quadrat i c equat ion :

func t i on [ x1 , x2 ] = qroots ( a , b , c ) ;
i=%i ;
D=(b ˆ2)−(4*a*c ) ;

i f ( D>0)

x1=(−b+D ˆ(1/2) ) /(2* a ) ;
x2=(−b−D ˆ(1/2) ) /(2* a ) ;

e l s e i f ( D==0)
x1=(−b /(2* a ) ) ;
x2=(−b /(2* a ) ) ;

e l s e
xr=(−b ) /(2* a ) ;
xi=((−D ) ˆ(1/2) ) /(2* a ) ;
x1=xr+(i*xi ) ;
x2=xr−(i*xi ) ;

end
endfunct ion

// Consider the equat ion :
// xˆ2 + 2x + 5
// The roo t s are
// −1 + 2 i and −1 − 2 i

// We f i nd them us ing the above func t i on :
[ x1 , x2 ] = qroots (1 , 2 , 5)

// We compare them us ing Sc i lab ’ s f unc t i on s :
r oo t s ( poly ( [ 5 2 1 ] , ’ x ’ , ’ c ’ ) )

3 Interpolation and Polynomial Approximations

3.1 Linear Interpolation using the Nearest Neighbour Method

// Linear i n t e r p o l a t i o n ( nea r e s t neighbour ) :

// Our data−s e t :
x = [ 0 : 1 : 5 ] ’ ; y = exp ( x ) ; // exponent
p l o t ( x , y , ’ ro ’ )

xp = [ 0 : 0 . 0 1 : 5 ] ’ ;
yp = [ ]

f o r i = xp ’
x_nearest = f l o o r ( i+0.5) ;
yp_i = y ( f i nd ( x == x_nearest ) ) ;
yp = [ yp ; yp_i ] ;

end

p lo t ( xp , yp , ’ b ’ )

// We compare with Sc i lab ’ s i n t e r n a l i n t e r p o l a t i o n func t i on :
// Linear i n t e r p o l a t i o n ( nea r e s t neighbour ) us ing Sc i lab ’ s func t i on :

yp = interp1 ( x , y , xp , ’ n ea r e s t ’ ) ;
p l o t ( xp , yp , ’ g ’ )
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3.2 Linear Interpolation

// Linear i n t e r p o l a t i o n :

// Our data−s e t :
x = [ 0 : 1 : 5 ] ’ ; y = exp ( x ) ; // exponent
p l o t ( x , y , ’ ro ’ )

xp = [ 0 : 0 . 0 1 : 5 ] ’ ;
yp = [ ]

f o r i = xp ’
x0 = f l o o r ( i ) ;
x1 = c e i l ( i ) ;
i f x0 == x1 then

yp_i = y ( f i nd ( x == i ) ) ;
e l s e

y0 = y ( f i nd ( x == x0 ) ) ;
y1 = y ( f i nd ( x == x1 ) ) ;
yp_i = y0 + ( i − x0 ) *( y1 − y0 ) /( x1 − x0 ) ;

end
yp = [ yp ; yp_i ] ;

end

p lo t ( xp , yp , ’ b ’ )

// We compare with Sc i lab ’ s i n t e r n a l i n t e r p o l a t i o n func t i on :
// Linear i n t e r p o l a t i o n us ing Sc i lab ’ s I n t e r p o l a t i o n func t i on :

yp = interp1 ( x , y , xp ) ;
p l o t ( xp , yp , ’ g ’ )

3.3 Polynomial Interpolation

// Polynomial i n t e r p o l a t i o n

// Our data−s e t :
x = [ 0 : 1 : 5 ] ’ ; y = exp ( x ) ; // exponent
p l o t ( x , y , ’ ro ’ )

xp = [ 0 : 0 . 0 1 : 5 ] ’ ;

// We f i r s t form the Vandermonde matrix :

V = [ ]
n=length ( x ) ;

f o r i=0:n−1
V = [ V , x . ˆ i ] ;

end

// The c o e f f i c i e n t s o f the polynomial equat ion are g iven by :
c = V\y

// The i n t e r p o l a t i n g polynomial i s g iven by :
p = poly ( c , ’ a ’ , ’ c o e f f ’ )

// We i n t e r p o l a t e the po in t s us ing the above polynomial
yp = horner ( p , xp ) ;

p l o t ( xp , yp , ’ b ’ )
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4 Curve Fitting

4.1 Linear Curve Fitting

//This code i s wr i t t en by Rupak Rokade , IIT Bombay
//The code f i t s a no i sy data with a l i n e a r curve

x = [ 0 : 1 : 5 ] ’ ; y = exp ( x ) ;

f unc t i on [ slope , intercept , lserror ]= lincurvefit ( data )
n=length ( data ) ;
x=0:n−1;
[ slope , intercept , lserror ]= r e g l i n ( x , data ) ;

y_fit=slope *x+intercept ; // f i t t e d l i n e equat ion
plot2d ( x , y_fit , 2 )
p lot2d ( x , data , 1 )
xlabel ( ’ x ’ ) ;
ylabel ( ’ y ’ ) ;
legend ( ’ f i t t e d l i n e ’ , ’ a c tua l da ta ’ ) ;

endfunct ion

[ s , i , lse ] = lincurvefit ( y ’ )

4.2 Second Order Curve Fitting

//This code i s wr i t t en by Rupak Rokade , IIT Bombay
//The code f i t s a no i sy data with a second order curve f i t

x = [ 0 : 1 : 5 ] ’ ; y = exp ( x ) ;

f unc t i on [ slope , intercept , sig ]= second_order_fit ( data )
n=length ( data ) ;
x=0:n−1;
X=[x ; x . ˆ 2 ] ; // the two r e g r e s s o r s
[ slopes , intercept , sig ]= r e g l i n ( X , data ) ;
yfitted=intercept+slopes (1 ) *x+slopes (2 ) *x . ˆ 2 ;

p lot2d ( x , yfitted , 2 ) // the f i t t e d s o l u t i o n
plot2d ( x , data , 1 )
xlabel ( ’ x ’ ) ;
ylabel ( ’ y ’ ) ;
legend ( ’ f i t t e d l i n e ’ , ’ a c tua l da ta ’ ) ;

endfunct ion

[ s , i , lse ] = second_order_fit ( y ’ )

5 Numerical Integration

5.1 Simple Trapezoidal Rule

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

func t i on f = func ( x )
f = sqr t ( x ) ; // d e f i n e a func t i on in x as f ( x ) = square root o f x

// f = 1/(1+xˆ2) ; // de f i n e a func t i on in x as f ( x ) = 1/(1+xˆ2)
endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
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// Rakhi .R
// IIT Bombay

// Simple Trapezo ida l Rule − S T rule , i e n = 1
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing S T ru l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// I i s g iven by I = ( fa + fb ) *h/2

func t i on I = trap ( a , b , fa , fb )
h = ( b−a ) ; // l ength o f the i n t e r v a l
I = ( fa + fb ) *h /2 ; // value o f the i n t e g r a l

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

// Example o f s imple t r ap e z o i d a l r u l e f o r f ( x ) = sqroot (x )

exec ( ’ func . s c i ’ ) ; // execute the func t i on that d e f i n e s f ( x )
exec ( ’ trap . s c i ’ ) ; // execute the func t i on f o r s imple t r ap e z o i d a l

a = input ( ”Enter a = ” ) ; // f o r input t ing a and b
b = input ( ”Enter b = ” ) ;

fa = func ( a ) ; // Ca lcu la te fa and fb
fb = func ( b ) ;
I = trap ( a , b , fa , fb ) ;
// d i sp l ay r e s u l t
d i sp ( ”The value o f the i n t e g r a l i s =” ) ;
d i sp ( I ) ;

5.2 Composite Trapezoidal Rule

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

func t i on f = func ( x )
f = sqr t ( x ) ; // d e f i n e a func t i on in x as f ( x ) = square root o f x
// f = 1/(1+xˆ2) ; // de f i n e a func t i on in x as f ( x ) = 1/(1+xˆ2)

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

// Simple Trapezo ida l Rule − S T rule , i e n = 1
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing S T ru l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// I i s g iven by I = ( fa + fb ) *h/2

func t i on I = trap ( a , b , fa , fb )
h = ( b−a ) ; // l ength o f the i n t e r v a l
I = ( fa + fb ) *h /2 ; // value o f the i n t e g r a l

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
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// Rakhi .R
// IIT Bombay

// Composite Trapezo ida l Rule − C T ru l e
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing C T ru l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// The i n t e r v a l ( a , b) i s d iv ided in to n panels , each o f width h
// so h = (b−a ) /n
// I i s g iven by I = ( fa + 2 fx2 + 2 fx3 + . . . . . + 2 fxn + fb ) *h/2

exec ( ’ func . s c i ’ ) ; // execute the func t i on which d e f i n e s f ( x )
temp_sum = 0 ;

func t i on I = trapc ( a , b , n , fa , fb )
h = ( b−a ) /n ; // i n t e r v a l
x (1 ) = a ;
f o r i = 1 : n−1

x ( i+1) = x ( i ) + h ; // f i n d s ab s c i s s a s each separated by h un i t s
temp_sum = temp_sum + 2* func ( x ( i+1) ) ; // f i n d s 2 fx1 + . . . . . + 2 fxn

−1
// temp sum i s a l s o a vec to r whose l a s t element g i v e s
// 2 fx1 + 2 fx2 + . . . . . + 2 fxn−1

end
I = ( fa + temp_sum ( $ ) + fb ) *h /2 ; // f i n d s I as per the formula

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

// Example o f composite t r ap e z o i d a l r u l e f o r f ( x ) = sqroot (x )

exec ( ’ func . s c i ’ ) ; // execute the func t i on that d e f i n e s f ( x )
exec ( ’ t rapc . s c i ’ ) ; // execute the func t i on f o r s imple t r ap e z o i d a l
exec ( ’ trap . s c i ’ ) ;

a = input ( ”Enter a = ” ) ; // f o r input t ing x0 and xn
b = input ( ”Enter b = ” ) ;
n = input ( ”Enter n = ” ) ;
fa = func ( a ) ; // Ca lcu la te fx0 and fxn
fb = func ( b ) ;
i f n > 1

I = trapc ( a , b , n , fa , fb ) ;
e l s e

I = trap ( a , b , fa , fb ) ;
end

// d i sp l ay r e s u l t
d i sp ( ”The value o f the i n t e g r a l i s =” ) ;
d i sp ( I ) ;

5.3 Simpson’s One Third Rule

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

func t i on f = func ( x )
f = sqr t ( x ) ; // d e f i n e a func t i on in x as f ( x ) = square root o f x

// f = 1/(1+xˆ2) ; // de f i n e a func t i on in x as f ( x ) = 1/(1+xˆ2)
endfunct ion
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mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

//Composite Simpson ’ s 1/3 rd ru l e
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing t h i s r u l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// The i n t e r v a l ( a , b) i s d iv ided in to n panels , each o f width h
//n has to be even !
// so h = (b−a ) /n
// I i s g iven by
// I = ( fa + 2( fx2 + fx4 +. . . .+ fxn−2) + 4( fx1 + fx3 + . . . . .+ fxn−1) + fb )

*h/3
// I f we rename a as x (1 ) , b as x (n+1) , ( s i n c e ar rays in s c l ab s t a r t with

index o f 1)
// I can be wr i t t en as
// I = ( fx1 + 4( fx2 + fx4 +. . . .+ fxn−1) + 2( fx3 + . . . . .+ fxn ) + fxn+1)*h/3

exec ( ’ func . s c i ’ ) ; // execute the func t i on which d e f i n e s f ( x )

temp_sum = 0 ;
func t i on I = simp3 ( a , b , n , fa , fb )

h = ( b−a ) /n ; // i n t e r v a l
x (1 ) = a ;
f o r i = 1 : n−1

x ( i+1) = x ( i ) + h ; // f i n d s ab s c i s s a s each separated by h un i t s
i f ˜modulo ( i+1 ,2) // i f i+1 i s d i v i s i b l e by 2

temp_sum = temp_sum + 4* func ( x ( i+1) ) ; // f o r odd terms
e l s e

temp_sum = temp_sum + 2* func ( x ( i+1) ) ; // f o r even terms
// temp sum i s a l s o a vec to r whose l a s t element g i v e s
// 4( fx2 + fx4 +. . . .+ fxn−1) + 2( fx3 + . . . . .+ fxn )
end

end
I = ( fa + temp_sum ( $ ) + fb ) *h /3 ; // f i n d s I as per the formula

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

// Simple Simpson ’ s 1/3 rd Rule − S T rule , i e n = 2
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing S T ru l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// I i s g iven by I = ( fa + 4* f ( ( a+b) /2) + fb ) *h/3
exec ( ’ func . s c i ’ ) ; // execute the func t i on that d e f i n e s f ( x )

func t i on I = sim_simp3 ( a , b , fa , fb )
h = ( b−a ) /2 ; // l ength o f the i n t e r v a l
I = ( fa + 4* func ( ( a+b ) /2) + fb ) *h /3 ; // value o f the i n t e g r a l

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

//Example o f composite simpson ’ s 1/3 rd ru l e f o r f ( x ) = sqroot (x )
//n i s the number o f pane l s i n to which the i n t e r v a l ( a , b) i s to be

d iv ided
//n has to be even !
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exec ( ’ func . s c i ’ ) ; // execute the func t i on that d e f i n e s f ( x )
exec ( ’ simp3 . s c i ’ ) ; // execute the func t i on f o r simpson ’ s 1/3 rd ru l e
exec ( ’ sim simp3 . s c i ’ ) ;

a = input ( ”Enter a = ” ) ; // f o r input t ing a and b
b = input ( ”Enter b = ” ) ;
n = input ( ”Enter n = ” ) ;
i f modulo ( n , 2 ) // remainder on d i v i d i ng by 2 != 0

di sp ( ”n has to be even ! ! ” ) ;
abort ;

end
fa = func ( a ) ; // Ca lcu la te fa and fb
fb = func ( b ) ;
i f n > 2

I = simp3 ( a , b , n , fa , fb ) ;
end
i f n == 2 // i f n = 2 use s imple simpson ’ s 1/3 rd ru l e

I = sim_simp3 ( a , b , fa , fb ) ;
end

// d i sp l ay r e s u l t
d i sp ( ”The value o f the i n t e g r a l i s =” ) ;
d i sp ( I ) ;

5.4 Simpson’s Three Eights Rule

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

func t i on f = func ( x )
// f = sq r t ( x ) ; // de f i n e a func t i on in x as f ( x ) = square root o f x

f = 1/(1+x ˆ2) ; // de f i n e a func t i on in x as f ( x ) = 1/(1+xˆ2)
endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

//Composite Simpson ’ s 3/8 th ru l e
// This computes I = i n t e g r a l from a to b f ( x ) dx us ing t h i s r u l e
// fa , fb are the va lues o f the func t i on f ( x ) at a and b r e s p e c t i v e l y
// The i n t e r v a l ( a , b) i s d iv ided in to n panels , each o f width h
// so h = (b−a ) /n
//n has to be a mul t ip l e o f 3 !
// I i s g iven by
// I = ( fa + 3( fx1 + fx2 + fx4 . . . . . + fxn−1) + 2( fx3 + fx6 +. . . .+ fxn−3)

+ fb ) *3h/8
// I f we rename a as x (1 ) , b as x (n+1) , ( s i n c e ar rays in s c i l a b s t a r t

with index o f 1)
// I can be wr i t t en as
// I = ( fx1 + 3( fx2 + fx3 +. . . .+ fxn ) + 2( fx4 + fx7 + . . . . .+ fxn−2) + fxn

+1)*3h/8

exec ( ’ func . s c i ’ ) ; // execute the func t i on which d e f i n e s f ( x )

temp_sum = 0 ;
mult3 = 4 ; // f o r s epa ra t ing out va lues at i n t e r v a l s o f 3
func t i on I = simp8 ( a , b , n , fa , fb )

h = ( b−a ) /n ; // i n t e r v a l
x (1 ) = a ;
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f o r i = 1 : n−1
x ( i+1) = x ( i ) + h ; // f i n d s ab s c i s s a s , each separated by h un i t s
i f i+1 == mult3

temp_sum = temp_sum + 2* func ( x ( i+1) ) ;
mult3 = mult3 + 3 ;

e l s e
temp_sum = temp_sum + 3* func ( x ( i+1) ) ;

end
// l a s t element o f temp sum g iv e s the value o f
// 3( fx1 + fx2 + fx4 . . . . . + fxn−1) + 2( fx3 + fx6 +. . . .+ fxn−3)

end
I = ( fa + temp_sum ( $ ) + fb ) *3* h /8 ; // f i n d s I as per the formula

endfunct ion

mode(−1) ;
// Numerical I n t e g r a t i on
// Written by
// Rakhi .R
// IIT Bombay

//Example o f composite simpson ’ s 3/8 th ru l e f o r f ( x ) = sqroot (x )
//n i s the number o f pane l s i n to which the i n t e r v a l ( a , b) i s to be

d iv ided
//n has to be a mul t ip l e o f 3 !

exec ( ’ func . s c i ’ ) ; // execute the func t i on that d e f i n e s f ( x )
exec ( ’ simp8 . s c i ’ ) ; // execute the func t i on f o r simpson ’ s 1/3 rd ru l e

a = input ( ”Enter a = ” ) ; // f o r input t ing a and b
b = input ( ”Enter b = ” ) ;
n = input ( ”Enter n = ” ) ;
i f modulo ( n , 3 ) // remainder on d i v i d i ng by 3 != 0

di sp ( ”n has to be a mul t ip l e o f 3 ! ! ” ) ;
abort ;

end
fa = func ( a ) ; // Ca lcu la te fa and fb
fb = func ( b ) ;
I = simp8 ( a , b , n , fa , fb ) ;
// d i sp l ay r e s u l t
d i sp ( ”The value o f the i n t e g r a l i s =” ) ;
d i sp ( I ) ;

6 Numerical Differentiation

6.1 Forward Difference Method

mode(−1) ;
// Numerical D i f f e r e n t i a t i o n
// Written by
// Rakhi .R
// IIT Bombay

// Def in ing the de l t a func t i on
// de l t a ( f ( x ) ) = f (x+h) − f ( x )
// here y i s the s e t o f va lues o f f ( x )
// correspond ing to each x
i = 1 ;

func t i on delta_n = delta ( y , N )
f o r i = 1 : N−1

delta_n ( i ) = y ( i+1) − y ( i ) ;
end

endfunct ion
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// f ( x+3h)−2 f ( x+2h)+2f (x+h)− f ( x )
// f ( x+4h)−f ( x+3h)

mode(−1) ;
// Numerical d i f f e r e n t i a t i o n
// Written by
// Rakhi .R
// IIT Bombay

// func t i on to f i nd index o f a value in a given array
// x i s the array , a i s the value whose index i s to
// be found out . n i s the index found out

func t i on n = index ( x , a )
f o r i = 1 : l ength ( x )

i f x ( i ) == a // compares a l l va lues in x
n = i ; // and ge t s the index

end
end

endfunct ion

mode(−1) ;
// Numerical d i f f e r e n t i a t i o n
// Written by
// Rakhi .R
// IIT Bombay

// func t i on to f i nd h igher order de l t a va lues i f they e x i s t
g l oba l delta_2 delta_3 delta_4 delta_5

f unc t i on [ delta_2 , delta_3 , delta_4 , delta_5 ] = get_deltas ( delta_1 , N )
i f N >= 3

delta_2 = delta ( delta_1 , N−1) ;
delta_2 = [ delta_2 ; ( z e r o s (1 , N−l ength ( delta_2 ) ) ) ’ ] ; // pad with ze ro s

i f N >= 4
delta_3 = delta ( delta_2 , N−2) ;
delta_3 = [ delta_3 ; ( z e r o s (1 , N−l ength ( delta_3 ) ) ) ’ ] ;
i f N >= 5

delta_4 = delta ( delta_3 , N−3) ;
delta_4 = [ delta_4 ; ( z e r o s (1 , N−l ength ( delta_4 ) ) ) ’ ] ;
i f N >= 6

delta_5 = delta ( delta_4 , N−4) ;
delta_5 = [ delta_5 ; ( z e r o s (1 , N−l ength ( delta_5 ) ) ) ’ ] ;

e l s e
delta_5 = ( ze ro s (1 , N ) ) ’ ; // i f these do not e x i s t

end
e l s e

delta_4 = ( ze ro s (1 , N ) ) ’ ;
end

e l s e
delta_3 = ( ze ro s (1 , N ) ) ’ ;

end
e l s e

delta_2 = ( ze ro s (1 , N ) ) ’ ;
end
endfunct ion

mode(−1) ;
// Numerical d i f f e r e n t i a t i o n
// Written by
// Rakhi .R
// IIT Bombay
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//Example o f f i r s t order d e r i v a t i v e us ing
// forward d i f f e r e n c e formula .
//This uses a s e t o f va lues o f x and the correspond ing
// va lues o f y = f (x ) . x va lues are equa l l y spaced .
//a i s a l s o an element o f the x array
//dy/dx at x = a i s g iven by
// [ de l t a ( f ( a ) ) − (1/2) * de l ta squared ( f ( a ) ) +
// (1/3) *deltacubed ( f ( a ) ) − (1/4) * de l t a ˆ4( f ( a ) ) +
// (1/5) * de l t a ˆ5( f ( a ) ) − . . . . ] * ( 1 / h)
// the formula i s approximated here t i l l the 5 th order de l t a
// h i s the gap between the x va lues
exec ( ’ d e l t a . s c i ’ ) ; // func t i on to c a l c u l a t e de l t a
exec ( ’ index . s c i ’ ) ; // func t i on to get index
exec ( ’ g e t d e l t a s . s c i ’ ) ; // func t i on to get h igher order d e l t a s i f e x i s t s

x = input ( ”Enter the va lues o f x = ” ) ; //x va lues
y = input ( ”Enter the va lues o f y = ” ) ; //y va lues
a = input ( ”Enter the value o f x at which d e r i v a t i v e i s to be found out =

” ) ;
n = index ( x , a ) ; // get index o f a

N = length ( x ) ; // f i nd length o f x ( or y )
i f N <= 1 // i f x has only 1 value

d i sp ( ”N has to be g r ea t e r than 1 ! ” ) ;
abort ;

end
h = x (2 ) − x (1 ) ; // l ength o f h

delta_1 = delta ( y , N ) ; // f i r s t oder de l t a
[ delta_2 , delta_3 , delta_4 , delta_5 ] = get_deltas ( delta_1 , N ) ; // h igher order

d e l t a s

f_dash_x = (1/ h ) *( delta_1 ( n ) − (1/2) * delta_2 ( n ) + (1/3) * delta_3 ( n ) −
(1/4) * delta_4 ( n ) + (1/5) * delta_5 ( n ) )

// eva luate dy/dx as per the formula
d i sp ( ”The value o f the d e r i v a t i v e at a i s = ” ) ;
d i sp ( f_dash_x ) ;

7 Solution of Differentiation Equation

7.1 Solving an Ordinary Differential Equation using Eu-
ler’s Method

// Euler Method f o r s o l v i n g an ODE

// Suppose we wish to s o l v e the f o l l ow ing ODE:
// y ’ = y
// with the i n i t i a l point ,
// y0 = 1
// The an a l y t i c a l s o l u t i o n f o r t h i s i s :
// y = y0*e ˆ(x − x0 )

clc
c l e a r

// This i s our ODE:
func t i on dy = f ( y )

dy = y
endfunct ion

// Over the f o l l ow ing po in t s :
x = 0 : 0 . 5 : 1 0 ;
// We see the d i f f e r e n c e i s :
h = 0.5
// the r e f o r e ,
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y (1 ) = 1 // s i n c e index ing beg ins at 1 .

// We implement the Euler method :
// The Euler method i s :
// y{n+1} = yn + h* f ( xn , yn )

f o r i = 1 : l ength ( x ) ,
y ( i+1) = y ( i ) + h*f ( y ( i ) ) ;

end

// The output , y i s :
// d i sp (y )

// We compare the answer we have obtained us ing the a n a l y t i c a l s o l u t i o n :
p l o t ( exp ( x ’ ) , ’ green ’ )
p l o t ( y , ’ red ’ )

7.2 Solving an Ordinary Differential Equation using the
Midpoint Method

// Midpoint method f o r s o l v i n g an ODE

// Suppose we wish to s o l v e the f o l l ow ing ODE:
// y ’ = y
// with the i n i t i a l point ,
// y0 = 1
// The an a l y t i c a l s o l u t i o n f o r t h i s i s :
// y = y0*e ˆ(x − x0 )

clc
c l e a r

// This i s our ODE:
func t i on dy = f ( y )

dy = y
endfunct ion

// Over the f o l l ow ing po in t s :
x = 0 : 0 . 5 : 1 0 ;
// We see the d i f f e r e n c e i s :
h = 0.5
// the r e f o r e ,
y (1 ) = 1 // s i n c e index ing beg ins at 1 .

// We implement the Midpoint method :
// The Midpoint method i s
// y{n+1} = yn + h* f ( xn + h/2 , yn + (h/2) * f ( xn , yn ) )

f o r i = 1 : l ength ( x ) ,
y ( i+1) = y ( i ) + h*f ( y ( i ) + ( h /2) *f ( y ( i ) ) ) ;

end

// We compare the answer we have obtained us ing the a n a l y t i c a l s o l u t i o n :
p l o t ( exp ( x ’ ) , ’ green ’ )
p l o t ( y , ’ b lue ’ )

7.3 Solving an Ordinary Differential Equation using Runge
Kutta Method

// Runge Kutta method o f the four th order f o r s o l v i n g an ODE

// Suppose we wish to s o l v e the f o l l ow ing ODE:
// y ’ = y
// with the i n i t i a l point ,
// y0 = 1
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// The an a l y t i c a l s o l u t i o n f o r t h i s i s :
// y = y0*e ˆ(x − x0 )

clc
c l e a r

// This i s our ODE:
func t i on dy = f ( y )

dy = y
endfunct ion

// Over the f o l l ow ing po in t s :
x = 0 : 0 . 5 : 1 0 ;
// We see the d i f f e r e n c e i s :
h = 0.5
// the r e f o r e ,
y (1 ) = 1 // s i n c e index ing beg ins at 1 .

// We implement the Runge Kutta method :
// The Runge Kutta method ( four th order ) i s
// y{n+1} = yn + (1/6) *h( k1 + 2*k2 + 2*k3 + k4 )
// where ,
// k1 = f ( xn , yn )
// k2 = f ( xn + (1/2) *h , yn + (1/2) *h*k1 )
// k3 = f ( xn + (1/2) *h , yn + (1/2) *h*k2 )
// k4 = f ( xn + h , yn + h*k3 )

f o r i = 1 : l ength ( x ) ,
k1 = f ( y ( i ) ) ;
k2 = f ( y ( i ) + 0 .5* h*k1 ) ;
k3 = f ( y ( i ) + 0 .5* h*k2 ) ;
k4 = f ( y ( i ) + h*k3 ) ;
y ( i+1) = y ( i ) + (1/6) *h *( k1 + 2* k2 + 2* k3 + k4 ) ; ;

end

// We compare the answer we have obtained us ing the a n a l y t i c a l s o l u t i o n :
p l o t ( exp ( x ’ ) , ’ green ’ )
p l o t ( y , ’ b lack ’ )

7.4 Solving an Ordinary Differential Equation using Scilab’s
Internal ODE solver

// Sc i lab ’ s i n t e r n a l ODE so l v e r

// Suppose we wish to s o l v e the f o l l ow ing ODE:
// y ’ = y
// with the i n i t i a l point ,
// y0 = 1
// The an a l y t i c a l s o l u t i o n f o r t h i s i s :
// y = y0*e ˆ(x − x0 )

clc
c l e a r

// This i s our ODE:
func t i on dy = f ( t , y )

dy = y
endfunct ion

// Over the f o l l ow ing po in t s :
x = 0 : 0 . 5 : 1 0 ;
// S ince we w i l l be us ing Sc i lab ’ s i n t e r n a l ODE so lve r , we do not
// need to s p e c i f y the step s i z e ; S c i l ab w i l l dec ide the appropr ia te
// step s i z e

// the r e f o r e ,
y0 = 1 // here , we are not i n i t i a l i z i n g a vec to r
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x0 = 0

y = ode ( y0 , x0 , x , f ) ;

// We compare the answer we have obtained us ing the a n a l y t i c a l s o l u t i o n :
p l o t ( exp ( x ’ ) , ’ green ’ )
p l o t ( y , ’magenta ’ )

8 To find the Roots of Linear Equations

8.1 Finding the Solution of Linear Equations using Gaus-
sian Elimination

// So lv ing a l i n e a r equat ion us ing Gaussian El iminat ion :

// Consider the f o l l ow ing system of equat ions :
// 2x + y − z = 8
// −3x − y + 2z = −11
// −2x + y + 2z = −3

// We can r ep r e s en t the above system in matrix form as f o l l ow s :
// Ax = b
// where ,
A = [ 2 1 −1

−3 −1 2
−2 1 2 ]

// and
b = [ 8

−11
−3]

// We f i nd the augmented matrix :
Aug = [ A , b ]

// We have to perform the f o l l ow ing e l im ina t i on s t ep s to br ing
// the e n t r i e s below the f i r s t p ivot to zero :
// R2 −−> R2 + (3/2) *R1
// R3 −−> R3 + R1

Aug (2 , : ) = Aug (2 , : ) + (3/2) * Aug (1 , : )
Aug (3 , : ) = Aug (3 , : ) + Aug (1 , : )

// We now perform the f o l l ow ing e l im ina t i on s t ep s to br ing
// the entry below the second pivot to zero :
// R3 −−> R3 − 4*R2

Aug (3 , : ) = Aug (3 , : ) − 4* Aug (2 , : )

// Therefore , we have the matr i ce s :
U = Aug ( : , 1 : 3 ) ,
c = Aug ( : , 4)

// There , we f i nd x , y and z in the r ev e r s e order by back sub s t i t u t i o n :
z = c (3 ) /U (3 , 3)
y = ( c (2 ) − U (2 , 3) *z ) /U (2 , 2)
x = ( c (1 ) − U (1 , 3) *z − U (1 , 2) *y ) /U (1 , 1)

// We compare t h i s with the answer that Sc i lab ’ s i n t e r n a l s o l v e r g i v e s :
A\b

8.2 Finding the Solution of Linear Equations using Cramer’s
Method
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// So lv ing a l i n e a r equat ion us ing Cramer ’ s r u l e

// Consider the f o l l ow ing system of equat ions :
// 2x + y − z = 8
// −3x − y + 2z = −11
// −2x + y + 2z = −3

// We can r ep r e s en t the above system in matrix form as f o l l ow s :
// Ax = b
// where ,
A = [ 2 1 −1

−3 −1 2
−2 1 2 ]

// and
b = [ 8

−11
−3]

// The va lues o f x , y and z are given , by Cramer ’ s ru le , as :
x = det ( [ b , A ( : , [ 2 3 ] ) ] ) / det ( A )
y = det ( [ A ( : , 1) b A ( : , 3) ] ) / det ( A )
z = det ( [ A ( : , [ 1 2 ] ) , b ] ) / det ( A )

// We compare t h i s with the answer that Sc i lab ’ s i n t e r n a l s o l v e r g i v e s :
A\b
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