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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Introduction

Scilab code Exa 1.1 Illustrating big errors caused by small errors

1 // I l l u s t r a t i n g tha t a s m a l l e r r o r i n data p rov id ed
can r e s u l t i n b i g e r r o r s .

2 // with o r i g i n a l e q u a t i o n s
3 //X+Y=2 & X+1.01Y=2.01
4 clear;

5 clc;

6 close();

7 A=[1 1;1 1.01];

8 B=[2 2.01] ’;

9 x=A\B;

10 disp(x, ’ S o l u t i o n s a r e : ’ )
11 x=linspace ( -0.5 ,1.5);

12 y1=2-x;

13 y2=(2.01 -x)/1.01;

14 subplot (2,1,1);

15 plot(x,y1)

16 plot(x,y2, ’ r ’ )
17 xtitle( ’ p l o t o f c o r r e c t e q u a t i o n s ’ , ’ x a x i s ’ , ’ y a x i s ’

)

18 // with the e q u a t i o n s hav ing some e r r o r i n data
19 //X+Y=2 & X+1.01Y=2.02
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Figure 1.1: Illustrating big errors caused by small errors

20 A=[1 1;1 1.01];

21 B=[2 2.02] ’;

22 x=A\B;

23 disp(x, ’ S o l u t i o n s a r e : ’ )
24 subplot (2,1,2);

25 x=linspace (-1,1);

26 y1=2-x;

27 y2=(2.02 -x)/1.01;

28 plot(x,y1)

29 plot(x,y2, ’ r ’ )
30 xtitle( ’ p l o t o f e r r o r hav ing e q u a t i o n s ’ , ’ x a x i s ’ , ’ y

a x i s ’ )
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Scilab code Exa 1.4 Calculating Induced instability through deflation method

1 // i l l u s t r a t i n g the induced i n s t a b i l i t y through the
d e f l a t i o n method o f po lynomia l f a c t o r i s a t i o n .

2 clear;

3 clc;

4 close();

5 x=poly(0, ’ x ’ );
6 p3=x^3 -13*x^2+32*x-20; // Given Po lynomia l
7 roots(p3)

8 // suppose tha t an e s t i m a t e o f i t s l a r g e s t z e r o i s
taken as 1 0 . 1 . Now d e v i d e p3 by ( x−10 .1)

9 p2=x^2 -2.9*x+2.71; // the q u o t i e n t
10 roots(p2)

11 disp( ’ i nduced a l a r g e e r r o r i n r o o t s ’ )

10



Chapter 2

Linear Algebric Equation

Scilab code Exa 2.1 Illutrates the effect of the partial pivoting

1 // I l l u t r a t e s the e f f e c t o f the p a r t i a l p i v o t i n g
u s i n g 3 s i g n i f i c a n t // f i g u r e a r i t h m e t i c with
round ing

2 // f i r s t done wi thout p i v o t i n g and then with p a r t i a l
p i v o t i n g

3 clear;

4 close();

5 clc;

6 A

=[0.610 ,1.23 ,1.72;1.02 ,2.15 , -5.51; -4.34 ,11.2 , -4.25];

7 B=[0.792;12.0;16.3];

8 C=[A,B];

9 format( ’ v ’ ,10);
10 n=3;

11 for k=1:n-1

12 for i=k+1:n

13 c=C(i,k)/C(k,k);

14 for j=k:n+1

15 C(i,j)=C(i,j)-c*C(k,j);

16 end
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17 end

18 end

19 x3=C(3,4)/C(3,3);

20 x2=(C(2,4)-C(2,3)*x3)/C(2,2);

21 x1=(C(1,4)-C(1,3)*x3-C(1,2)*x2)/C(1,1);

22 disp([x1,x2,x3], ’ Answers w i thout p a r t i a l p i v o t i n g :
’ )

23
24
25 C=[A,B];

26 format( ’ v ’ ,5);
27 n=3;

28 for k=1:n-1

29 m = max(abs(A(:,k)));

30 for l=k:n

31 if C(l,k)==m

32 temp = C(l,:);

33 C(l,:)= C(k,:);

34 C(k,:)=temp;

35 break;

36 end

37 end

38 for i=k+1:n

39 c=C(i,k)/C(k,k);

40 for j=k:n+1

41 C(i,j)=C(i,j)-c*C(k,j);

42 end

43 end

44 end

45 x3=C(3,4)/C(3,3);

46 x2=(C(2,4)-C(2,3)*x3)/C(2,2);

47 x1=(C(1,4)-C(1,3)*x3-C(1,2)*x2)/C(1,1);

48 disp([x1,x2,x3], ’ Answers u s i n g p a r t i a l p i v o t i n g : ’ )
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Scilab code Exa 2.2 Decomposition in LU form

1 // I l l u s t r a t e s the d e c o m p o s i t i o n o f eve ry matr ix i n t o
product o f l owe r // and upper t r i a n g u l a r matr ix

i f d i a g o n a l e l e m e n t s o f any one i s ’ 1 ’ // then L
and U cou ld u n i q u e l y be dete rmined .

2 clear;

3 close();

4 clc;

5 format( ’ v ’ ,5);
6 A = {4,-2,2;4,-3,-2;2,3,-1];

7 L(1,1)=1;L(2,2)=1;L(3,3)=1;

8 for i=1:3

9 for j=1:3

10 s=0;

11 if j>=i

12 for k=1:i-1

13 s=s+L(i,k)*U(k,j);

14 end

15 U(i,j)=A(i,j)-s;

16 else

17 for k=1:j-1

18 s=s+L(i,k)*U(k,j);

19 end

20 L(i,j)=(A(i,j)-s)/U(j,j);

21 end

22 end

23 end

24 disp(L, ’L = ’ )
25 disp(U, ’U = ’ )

Scilab code Exa 2.3 LU factorization method for solving the system of
equation
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1 // Apply ing LU f a c t o r i z a t i o n method f o r s o l v i n g the
system o f e q u a t i o n

2
3 clear;

4 close();

5 clc;

6 format( ’ v ’ ,5);
7 A = {4,-2,2;4,-3,-2;2,3,-1];

8 for l=1:3

9 L(l,l)=1;

10 end

11 for i=1:3

12 for j=1:3

13 s=0;

14 if j>=i

15 for k=1:i-1

16 s=s+L(i,k)*U(k,j);

17 end

18 // d i s p ( s , ’ sum : ’ ) ;
19 U(i,j)=A(i,j)-s;

20 else

21 // s =0;
22 for k=1:j-1

23 s=s+L(i,k)*U(k,j);

24 end

25 L(i,j)=(A(i,j)-s)/U(j,j);

26 end

27 end

28 end

29 b=[6; -8;5];

30 c=L\b;

31 x=U\c;

32 disp(x, ’ S o l u t i o n o f e q u a t i o n s : ’ )
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Scilab code Exa 2.4 LU factorisation method for solving the system of
equation

1 // A p p l i c a t i o n o f LU f a c t o r i s a t i o n method f o r s o l v i n g
the system o f e q u a t i o n

2 // In t h i s c a s e A( 1 , 1 ) =0 so to avo id the d i v i s i o n by
0 we w i l l have to i n t e r c h a n g e the rows .

3
4 clear;

5 close();

6 clc;

7 format( ’ v ’ ,5);
8 A = {2,2,-2,4;0,1,5,3;1,5,7,-10;-1,1,6,-5];

9 for l=1:4

10 L(l,l)=1;

11 end

12 for i=1:4

13 for j=1:4

14 s=0;

15 if j>=i

16 for k=1:i-1

17 s=s+L(i,k)*U(k,j);

18 end

19 // d i s p ( s , ’ sum : ’ ) ;
20 U(i,j)=A(i,j)-s;

21 else

22 // s =0;
23 for k=1:j-1

24 s=s+L(i,k)*U(k,j);

25 end

26 L(i,j)=(A(i,j)-s)/U(j,j);

27 end

28 end

29 end

30 b=[4; -6;14;0];

31 c=L\b;

32 x=U\c;

33 disp(x, ’ S o l u t i o n o f e q u a t i o n s : ’ )
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Scilab code Exa 2.5 Choleski decomposition

1 // S o l v i n g the problem u s i n g C h o l e s k i d e c o m p o s i t i o n
2 // Decompos i t i on o f a matr ix ”A” to L and L ’
3
4 clear;

5 close();

6 clc;

7 format( ’ v ’ ,7)
8 A = [4,2,-2;2,10,2;-2,2,3];

9 n = 3;

10 for i = 1:n

11 for j = 1:i

12 s=0;

13 if i==j

14 for k = 1:j-1

15 s=s+L(j,k)*L(j,k);

16 end

17 L(j,j)= sqrt(A(j,j)-s);

18 else

19 for k = 1:j-1

20 s=s+L(i,k)*L(j,k);

21 end

22 L(i,j)= (A(i,j)-s)/L(j,j);

23 end

24 end

25 end

26 U = L’;

27 disp(L, ’ Lower t r i a n g u l a r matr ix i s : ’ )
28 disp(U, ’ Upper t r i a n g u l a r matr ix i s : ’ )
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Scilab code Exa 2.6 Jacobi method

1 // S o l v i n g the problem u s i n g J a c o b i method
2 // the f i r s t c a s e i n c o n v e r g i n g and the 2nd i s

d i v e r g i n g . . . . . drawback
3 // o f j a c o b i method
4 // the ans i s c o r r e c t to 2D p l a c e
5
6 clear;

7 close();

8 clc;

9 format( ’ v ’ ,7);
10 x1=[0 ,0];

11 x2=[0 ,0];

12 x3=[0 ,0];

13 x1(1,2) =0.2*(6 -2*x2(1,1)+x3(1,1));

14 x2(1,2) =0.16667*(4 - x1(1,1)+3*x3(1,1));

15 x3(1,2) =0.25*(7 -2* x1(1,1)-x2(1,1));

16 i=1;

17 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 )

18 x1(1,1)=x1(1,2);

19 x2(1,1)=x2(1,2);

20 x3(1,1)=x3(1,2);

21 x1(1,2) =0.2*(6 -2*x2(1,1)+x3(1,1));

22 x2(1,2) =0.16667*(4 - x1(1,1)+3*x3(1,1));

23 x3(1,2) =0.25*(7 -2* x1(1,1)-x2(1,1));

24 i=i+1;

25 end

26 disp([x1; x2; x3], ’ Answers a r e : ’ )
27 disp(i, ’ Number o f I t e r a t i o n s : ’ )
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28
29
30 x1=[0 ,0];

31 x2=[0 ,0];

32 x3=[0 ,0];

33 x1(1,2)=4-6*x2(1,1)+3*x3(1,1);

34 x2(1,2) =0.5*(6 -5*x1(1,1)+x3(1,1));

35 x3(1,2) =0.25*(7 -2* x1(1,1)-x2(1,1));

36 i=1;

37 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 )

38 x1(1,1)=x1(1,2);

39 x2(1,1)=x2(1,2);

40 x3(1,1)=x3(1,2);

41 x1(1,2)=(4 -6*x2(1,1)+3*x3(1,1));

42 x2(1,2) =0.5*(6 -5*x1(1,1)+x3(1,1));

43 x3(1,2) =0.25*(7 -2* x1(1,1)-x2(1,1));

44 i=i+1;

45 end

46 disp([x1; x2; x3], ’ Answers a r e : ’ )
47 disp(i, ’ Number o f I t e r a t i o n s : ’ )

Scilab code Exa 2.7 Gauss Seidel method

1 // the problem i s s o l v e d u s i n g Gauss−S e i d e l method
2 // i t i s f a s t c o n v e r g e n t as compared to j a c o b i method
3
4 clear;

5 close();

6 clc;

7 format( ’ v ’ ,7);
8 x1=[0 ,0];
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9 x2=[0 ,0];

10 x3=[0 ,0];

11 x1(1,2) =0.2*(6 -2*x2(1,1)+x3(1,1));

12 x2(1,2) =0.16667*(4 - x1(1,2)+3*x3(1,1));

13 x3(1,2) =0.25*(7 -2* x1(1,2)-x2(1,2));

14 i=1;

15 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 )

16 x1(1,1)=x1(1,2);

17 x2(1,1)=x2(1,2);

18 x3(1,1)=x3(1,2);

19 x1(1,2) =0.2*(6 -2*x2(1,1)+x3(1,1));

20 x2(1,2) =0.16667*(4 - x1(1,2)+3*x3(1,1));

21 x3(1,2) =0.25*(7 -2* x1(1,2)-x2(1,2));

22 i=i+1;

23 end

24 disp([x1; x2; x3], ’ Answers a r e : ’ )
25 disp(i, ’ Number o f I t e r a t i o n s : ’ )

Scilab code Exa 2.8 Successive over relaxation method

1 //The method used to s o l v e i s SOR( S u c c e s s i v e over−
r e l a x a t i o n ) method

2 // on ly marg ina l improvement i s p o s s i b l e f o r t h i s
p a s t i c u l a r system s i n c e

3 // Gauss−S e i d e l i t e r a t i o n i t s e l f c o n v e r g e s q u i t e
r a p i d l y

4
5 clear;

6 close();

7 clc;

8 format( ’ v ’ ,7);
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9 x1=[0 ,0];

10 x2=[0 ,0];

11 x3=[0 ,0];

12 w =0.9;

13 x1(1,2)=x1(1,1) +0.2*w*(6-5*x1(1,1) -2*x2(1,1)+x3(1,1)

);

14 x2(1,2)=x2(1,1) +0.16667*w*(4-x1(1,2) -6*x2(1,1)+3*x3

(1,1));

15 x3(1,2)=x3(1,1) +0.25*w*(7-2*x1(1,2)-x2(1,2) -4*x3

(1,1));

16 i=1;

17 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 )

18 x1(1,1)=x1(1,2);

19 x2(1,1)=x2(1,2);

20 x3(1,1)=x3(1,2);

21 x1(1,2)=x1(1,1) +0.2*w*(6-5*x1(1,1) -2*x2(1,1)+x3

(1,1));

22 x2(1,2)=x2(1,1) +0.16667*w*(4-x1(1,2) -6*x2(1,1)

+3*x3(1,1));

23 x3(1,2)=x3(1,1) +0.25*w*(7-2*x1(1,2)-x2(1,2) -4*x3

(1,1));

24 i=i+1;

25 end

26 disp([x1; x2; x3], ’ Answers a r e : ’ )
27 disp(i, ’ Number o f I t e r a t i o n s : ’ )

Scilab code Exa 2.9 Gauss Seidel and SOR method

1 // S o l v i n g f o u r l i n e a r system o f e q u a t i o n s with Gauss
−S e i d e l and SOR method

2 // the c o n v e r g e n c e i s much f a s t e r i n SOR method
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3
4 clear;

5 close();

6 clc;

7 format( ’ v ’ ,7);
8 x1=[0 ,0];

9 x2=[0 ,0];

10 x3=[0 ,0];

11 x4=[0 ,0];

12 x1(1,2) = -0.33333*(1 -x2(1,1) -3*x4(1,1));

13 x2(1,2) =0.16667*(1 - x1(1,2)-x3(1,1));

14 x3(1,2) =0.16667*(1 - x2(1,2)-x4(1,1));

15 x4(1,2) = -0.33333*(1 -3*x1(1,2)-x3(1,2));

16 i=1;

17 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 | abs(x4(1,1)-x4(1,2)) >0.5*10^ -2)

18 x1(1,1)=x1(1,2);

19 x2(1,1)=x2(1,2);

20 x3(1,1)=x3(1,2);

21 x4(1,1)=x4(1,2);

22 x1(1,2) = -0.33333*(1 -x2(1,1) -3*x4(1,1));

23 x2(1,2) =0.16667*(1 - x1(1,2)-x3(1,1));

24 x3(1,2) =0.16667*(1 - x2(1,2)-x4(1,1));

25 x4(1,2) = -0.33333*(1 -3*x1(1,2)-x3(1,2));

26 i=i+1;

27 end

28 disp([x1; x2; x3; x4], ’ Answers a r e : ’ )
29 disp(i, ’ Number o f I t e r a t i o n s : ’ )
30
31
32 w=1.6;

33 x1=[0 ,0];

34 x2=[0 ,0];

35 x3=[0 ,0];

36 x4=[0 ,0];

37 x1(1,2)=x1(1,1) -0.33333*w*(1+3* x1(1,1)-x2(1,1) -3*x4

(1,1));
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38 x2(1,2)=x2(1,1) +0.16667*w*(1-x1(1,2) -6*x2(1,2)-x3

(1,1));

39 x3(1,2)=x3(1,1) +0.16667*w*(1-x2(1,2) -6*x3(1,2)-x4

(1,1));

40 x4(1,2)=x4(1,1) -0.33333*w*(1-3*x1(1,2)-x3(1,2)+3*x4

(1,1));

41 i=1;

42 while (abs(x1(1,1)-x1(1,2)) >0.5*10^ -2 | abs(x2(1,1)-

x2(1,2)) >0.5*10^ -2 | abs(x3(1,1)-x3(1,2))

>0.5*10^ -2 | abs(x4(1,1)-x4(1,2)) >0.5*10^ -2)

43 x1(1,1)=x1(1,2);

44 x2(1,1)=x2(1,2);

45 x3(1,1)=x3(1,2);

46 x4(1,1)=x4(1,2);

47 x1(1,2)=x1(1,1) -0.33333*w*(1+3* x1(1,1)-x2(1,1)

-3*x4(1,1));

48 x2(1,2)=x2(1,1) +0.16667*w*(1-x1(1,2) -6*x2(1,2)-

x3(1,1));

49 x3(1,2)=x3(1,1) +0.16667*w*(1-x2(1,2) -6*x3(1,2)-

x4(1,1));

50 x4(1,2)=x4(1,1) -0.33333*w*(1-3*x1(1,2)-x3(1,2)

+3*x4(1,1));

51 i=i+1;

52 end

53 disp([x1; x2; x3; x4], ’ Answers a r e : ’ )
54 disp(i, ’ Number o f I t e r a t i o n s : ’ )
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Chapter 3

Non linear algebric equations

Scilab code Exa 3.1 Bisection Method

1 // B i s e c t i o n Method
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 b(1)=1;a(1) =0;k=5;

7 deff( ’ [ f x ]= b i s e c ( x ) ’ , ’ f x =(x+1) . ˆ 2 . ∗ exp ( x .ˆ2−2)−1 ’ );
8 x = linspace (0,1);

9 plot(x,((x+1) .^2) .*(exp(x.^2-2)) -1);

10 // i n i n t e r v a l [ 0 , 1 ] changes i t s s i g n thus has a r o o t
11 //k = no o f dec ima l p l a c e o f a c cu racy
12 // a = lowe r l i m i t o f i n t e r v a l
13 //b = upper l i m i t o f i n t e r v a l
14 //n = no o f i t e r a t i o n s r e q u i r e d
15 n = log2 ((10^k)*(b-a));

16 n = ceil(n);

17 disp(n, ’ Number o f i t e r a t i o n s : ’ )
18 for i = 1:n-1

19 N(i) = i;

20 c(i) = (a(i)+b(i))/2;

21 bs(i) = bisec(c(i));
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Figure 3.1: Bisection Method

22 if (bisec(b(i))*bisec(c(i)) <0)

23 a(i+1)=c(i);

24 b(i+1)=b(i);

25 else

26 b(i+1)=c(i);

27 a(i+1)=a(i);

28 end

29 end

30 N(i+1)=i+1;

31 c(i+1) = (a(i+1)+b(i+1))/2;

32 bs(i+1) = bisec(c(i));

33 ann = [N a b c bs];

34 disp(ann , ’ The Table : ’ );
35 disp(c(i), ’ The r o o t o f the f u n c t i o n i s : ’ )
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Scilab code Exa 3.2 False positioning method

1 //The s o l u t i o n u s i n g f a l s e p o s i t i o n method
2 clc;

3 clear;

4 close();

5 b(1)=1;a(1) =0;k=5;i=1;

6 format( ’ v ’ ,9);
7 deff( ’ [ f x ]= b i s e c ( x ) ’ , ’ f x =(x+1) ˆ2∗ exp ( xˆ2−2)−1 ’ );
8 x = linspace (0,1);

9 plot(x,((x+1) .^2) .*(exp(x.^2-2)) -1);

10 // i n i n t e r v a l [ 0 , 1 ] changes i t s s i g n thus has a r o o t
11 //k = no o f dec ima l p l a c e o f a c cu racy
12 // a = lowe r l i m i t o f i n t e r v a l
13 //b = upper l i m i t o f i n t e r v a l
14 c(i) = (a(i)*bisec(b(i))-b(i)*bisec(a(i)))/(bisec(b(

i))-bisec(a(i)));

15 bs(1)=bisec(c(1));

16 N(1) = 1;

17 a(i+1)=c(i);

18 b(i+1)=b(i);

19 while abs(bisec(c(i))) >(0.5*(10^ -k))

20 i = i+1;

21 N(i)=i;

22 c(i) = (a(i)*bisec(b(i))-b(i)*bisec(a(i)))/(

bisec(b(i))-bisec(a(i)));

23 bs(i) = bisec(c(i));

24 if (bisec(b(i))*bisec(c(i)) <0)

25 a(i+1)=c(i);

26 b(i+1)=b(i);

27 else

28 b(i+1)=c(i);
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Figure 3.2: False positioning method

29 a(i+1)=a(i);

30 end

31 end

32 a(10) =[];b(10) =[];

33 ann = [N a b c bs];

34 disp(ann , ’ The Table : ’ );
35 disp( ’ The r o o t o f the f u n c t i o n i s b r a c k e t e d by

[ 0 . 6 4 7 1 1 6 1 ] ’ );

26



Scilab code Exa 3.3 fixed point iteration method

1 //We have q u a d r a t i c e q u a t i o n xˆ2−2∗x−8=0 with r o o t s
−2 and 4

2 // f o r s o l v i n g i t we use f i x e d p o i n t i t e r a t i o n method
f o r tha t we r e a r r a n g e i t i n 3 ways .

3 // f i r s t way x=(2∗x+8) ˆ ( 1 / 2 )
4 // he r e x0 i s chosen a r b i t r a r i l y
5
6 clear;

7 clc;

8 close();

9 format( ’ v ’ ,5)
10 funcprot (0);

11 deff( ’ [ f i x e d p o i n t ]= f x ( x ) ’ , ’ f i x e d p o i n t =(2∗x+8) ˆ 0 . 5 ’
)

12 x0=5;

13 while abs(x0-fx(x0)) >0.5*10^( -2)

14 x0=fx(x0);

15 end

16 disp(x0, ’ r o o t i s : ’ )
17
18 // second way x=(2∗x+8)/x
19
20 format( ’ v ’ ,5)
21 funcprot (0);

22 deff( ’ [ f i x e d p o i n t ]= f x ( x ) ’ , ’ f i x e d p o i n t =(2∗x+8)/x ’ )
23 x0=5;

24 while abs(x0-fx(x0)) >0.5*10^( -2)

25 x0=fx(x0);

26 end

27 disp(x0, ’ r o o t i s : ’ )
28
29 // t h i r d way x=(xˆ2−8) /2
30
31 format( ’ v ’ ,10)
32 funcprot (0);

33 deff( ’ [ f i x e d p o i n t ]= f x ( x ) ’ , ’ f i x e d p o i n t =(xˆ2−8) /2 ’ )
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34 x0=5;

35 for i=1:5

36 x0=fx(x0);

37 disp(x0, ’ v a l u e i s : ’ )
38 end

39 disp(x0, ’ As you can s e e tha t the r o o t i s not
c o n v e r g i n g . So t h i s method i s not a p p l i c a b l e . ’ )

Scilab code Exa 3.4 Type of convergence

1 // c h e c k i n g f o r the c o n v e r g e n c e and d i v e r g e n c e o f
d i f f e r e n t f u n c t i o n s we a r e g e t t i n g a f t e r
r ea r rangement o f the g i v e n q u a d r a t i c e q u a t i o n x
ˆ2−2∗x−8=0.

2 // a f t e r f i r s t type o f arrangement we ge t a f u n c t i o n
gx =(2∗x+8) ˆ ( 1 / 2 ) . f o r t h i s we have . .

3
4 clear;

5 clc;

6 close();

7 alpha =4;

8 I=alpha -1: alpha +1; // r e q u i r e d i n t e r v a l
9 deff( ’ [ f 1 ]= gx ( x ) ’ , ’ f 1 =(2∗x+8) ˆ ( 1 / 2 ) ’ );

10 deff( ’ [ f 2 ]= d i f f g x ( x ) ’ , ’ f 2 =(2∗x+8) ˆ(−0 .5) ’ );
11 x=linspace (3,5);

12 subplot (2,1,1);

13 plot(x,(2*x+8) ^(1/2))

14 plot(x,x)

15 x0=5;

16 if diffgx(I) >0

17 disp( ’ E r r o r s i n two c o n s e c u t i v e i t e r a t e s a r e o f
same s i g n so c o n v e r g e n c e i s monotonic ’ )

18 end
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19 if abs(diffgx(x0))<1

20 disp( ’ So t h i s method c o n v e r g e s ’ )
21 end

22
23 // a f t e r s econd type o f arrangement we g e t a f u n c t i o n

gx =(2∗x+8)/x . f o r t h i s we have . .
24
25 deff( ’ [ f 1 ]= gx ( x ) ’ , ’ f 1 =(2∗x+8)/x ’ );
26 deff( ’ [ f 2 ]= d i f f g x ( x ) ’ , ’ f 2 =(−8) /( x ˆ2) ’ );
27 x=linspace (1,5);

28 for i=1:100

29 y(1,i)=2+8/x(1,i);

30 end

31 subplot (2,1,2);

32 plot(x,y)

33 plot(x,x)

34 x0=5;

35 if diffgx(I) <0

36 disp( ’ E r r o r s i n two c o n s e c u t i v e i t e r a t e s a r e o f
o p p o s i t e s i g n so c o n v e r g e n c e i s o s c i l l a t o r y ’ )

37 end

38 if abs(diffgx(x0))<1

39 disp( ’ So t h i s method c o n v e r g e s ’ )
40 end

Scilab code Exa 3.5 Newton Method

1 // Newton ’ s Method
2 // the f i r s t few i t e r a t i o n c o n v e r g e s q u i k c l y i n

n e g a t i v e r o o t as compared to p o s i t i v e r o o t
3 clc;
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Figure 3.3: Type of convergence
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4 clear;

5 close();

6 funcprot (0);

7 format( ’ v ’ ,9);
8 deff( ’ [ Newton ]= f x ( x ) ’ , ’ Newton=exp ( x )−x−2 ’ );
9 deff( ’ [ d i f f ]= gx ( x ) ’ , ’ d i f f =exp ( x )−1 ’ );

10 x = linspace ( -2.5 ,1.5);

11 plot(x,exp(x)-x-2)

12 // from the graph the f u n c t i o n has 2 r o o t s
13 // c o n s i d e r i n g the i n i t i a l n e g a t i v e r o o t −10
14 x1 = -10;

15 x2 = x1-fx(x1)/gx(x1);

16 i=0;

17 while abs(x1-x2) >(0.5*10^ -7)

18 x1=x2;

19 x2 = x1-fx(x1)/gx(x1);

20 i=i+1;

21 end

22 disp(i, ’ Number o f i t e r a t i o n s : ’ )
23 disp(x2, ’ The n e g a t i v e r o o t o f the f u n c t i o n i s : ’ )
24
25
26 // c o n s i d e r i n g the i n i t i a l p o s i t i v e r o o t 10
27 x1 = 10;

28 x2 = x1-fx(x1)/gx(x1);

29 i=0;

30 while abs(x1-x2) >(0.5*10^ -7)

31 x1=x2;

32 x2 = x1-fx(x1)/gx(x1);

33 i=i+1;

34 end

35 disp(i, ’ Number o f i t e r a t i o n : ’ )
36 disp(x2, ’ The p o s i t i v e r o o t o f the f u n c t i o n i s : ’ )
37 // number o f i t e r a t i o n s showing f a s t and s low

c o n v e r g e n t
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Figure 3.4: Newton Method

Scilab code Exa 3.6 Secant Method

1 // Secant Method
2 // the f i r s t few i t e r a t i o n c o n v e r g e s q u i k c l y i n

n e g a t i v e r o o t as compared to p o s i t i v e r o o t
3 clc;

4 clear;

5 close();

6 funcprot (0);

7 format( ’ v ’ ,9);
8 deff( ’ [ Secant ]= f ( x ) ’ , ’ Secant=exp ( x )−x−2 ’ );
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9 x = linspace (0 ,1.5);

10 subplot (2,1,1);

11 plot(x,exp(x)-x-2);

12 plot(x,0);

13 // from the graph the f u n c t i o n has 2 r o o t s
14 // c o n s i d e r i n g the i n i t i a l n e g a t i v e r o o t −10
15 x0 = -10

16 x1 = -9;

17 x2 = (x0*f(x1)-x1*f(x0))/(f(x1)-f(x0));

18 i=0;

19 while abs(x1-x2) >(0.5*10^ -7)

20 x0=x1;

21 x1=x2;

22 x2 = (x0*f(x1)-x1*f(x0))/(f(x1)-f(x0));

23 i=i+1;

24 end

25 disp(i, ’ Number o f i t e r a t i o n s : ’ )
26 disp(x2, ’ The n e g a t i v e r o o t o f the f u n c t i o n i s : ’ )
27
28
29 // c o n s i d e r i n g the i n i t i a l p o s i t i v e r o o t 10
30 subplot (2,1,2);

31 x = linspace (-2.5,0);

32 plot(x,exp(x)-x-2);

33 plot(x,0);

34 x0 = 10

35 x1 = 9;

36 x2 = (x0*f(x1)-x1*f(x0))/(f(x1)-f(x0));

37 i=0;

38 while abs(x1-x2) >(0.5*10^ -7)

39 x0=x1;

40 x1=x2;

41 x2 = (x0*f(x1)-x1*f(x0))/(f(x1)-f(x0));

42 i=i+1;

43 end

44 disp(i, ’ Number o f i t e r a t i o n : ’ )
45 disp(x2, ’ The p o s i t i v e r o o t o f the f u n c t i o n i s : ’ )
46 // number o f i t e r a t i o n s showing f a s t and s low
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Figure 3.5: Secant Method

c o n v e r g e n t
47
48 format( ’ v ’ ,6)
49 // Order o f s e c a n t method ( p )
50 p = log (31.52439)/log (8.54952);

51 disp(p, ’ Order o f Secant Method : ’ )

Scilab code Exa 3.7 System of Non Linear Equations
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1 //Non−L i n e a r Equat ion
2 clc;

3 clear;

4 close();

5 funcprot (0);

6 format( ’ v ’ ,9);
7 i = 1;

8 deff( ’ [ f unc1 ]= f ( x , y ) ’ , ’ f unc1=xˆ2+yˆ2−4 ’ );
9 deff( ’ [ f unc2 ]=g ( x , y ) ’ , ’ f unc2 =2∗x−yˆ2 ’ );

10 deff( ’ [ d i f f f x ]= f x ( x ) ’ , ’ d i f f f x =2∗x ’ );
11 deff( ’ [ d i f f f y ]= f y ( y ) ’ , ’ d i f f f y =2∗y ’ );
12 deff( ’ [ d i f f g x ]= gx ( x ) ’ , ’ d i f f g x =2 ’ );
13 deff( ’ [ d i f f g y ]= gy ( y ) ’ , ’ d i f f g y =−2∗y ’ );
14 x1(i)=1;y1(i)=1;

15 J = [fx(x1(i)),fy(y1(i));gx(x1(i)),gy(y1(i))];

16 n=[x1(i);y1(i)]-inv(J)*[f(x1(i),y1(i));g(x1(i),y1(i)

)];

17 x2(i)=n(1,1);y2(i)=n(2,1);

18 N(1)=i-1;

19 while (abs(x2(i)-x1(i)) >0.5*10^ -7) | (abs(y2(i)-y1(i

)) >0.5*10^ -7)

20 i=i+1;

21 N(i)=i-1;

22 x1(i)=x2(i-1);

23 y1(i)=y2(i-1);

24 J = [fx(x1(i)),fy(y1(i));gx(x1(i)),gy(y1(i))];

25 n=[x1(i);y1(i)]-inv(J)*[f(x1(i),y1(i));g(x1(i),

y1(i))];

26 x2(i)=n(1,1);y2(i)=n(2,1);

27 end

28 N(i+1)=i;

29 x1(i+1) = x2(i);

30 y1(i+1) = y2(i);

31 n = [N x1 y1];

32 disp(n, ’ The v a l u e o f n x and y : ’ )
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Scilab code Exa 3.8 System of Non Linear Equations

1 //Non−L i n e a r Equat ion
2 clc;

3 clear;

4 close();

5 funcprot (0);

6 format( ’ v ’ ,9);
7 deff( ’ [ f unc1 ]= f ( x1 , x2 ) ’ , ’ f unc1 =−2.0625∗x1+2∗x2

−0.0625∗ x1 ˆ3+0.5 ’ );
8 deff( ’ [ f unc2 ]=g ( x1 , x2 , x3 ) ’ , ’ f unc2=x3−2∗x2+x1−0.0625∗

x2 ˆ3+0.125∗ x2 ∗ ( x3−x1 ) ’ );
9 deff( ’ [ f unc3 ]=h ( x2 , x3 , x4 ) ’ , ’ f unc3=x4−2∗x3+x2−0.0625∗

x3 ˆ3+0.125∗ x3 ∗ ( x4−x2 ) ’ );
10 deff( ’ [ f unc4 ]=k ( x3 , x4 ) ’ , ’ f unc4 =−1.9375∗x4+x3−0.0625∗

x4 ˆ3−0.125∗ x3∗x4 +0.5 ’ );
11 // d e f i n e the c o r r e s p o n d i n g p a r t i a l d i f f e r e n c i a t i o n

o f the f u n c t i o n = 16
12 deff( ’ [ d i f f f x 1 ]= f x 1 ( x1 ) ’ , ’ d i f f f x 1 =−2.0625−3∗0.0625∗

x1 ˆ2 ’ );
13 deff( ’ [ d i f f f x 2 ]= f x 2 ( x2 ) ’ , ’ d i f f f x 2 =2 ’ );
14
15 deff( ’ [ d i f f g x 1 ]= gx1 ( x2 ) ’ , ’ d i f f g x 1 =1−0.125∗x2 ’ );
16 deff( ’ [ d i f f g x 2 ]= gx2 ( x1 , x2 , x3 ) ’ , ’ d i f f g x 2 =−2−3∗0.0625∗

x2 ˆ2+0.125∗ ( x3−x1 ) ’ );
17 deff( ’ [ d i f f g x 3 ]= gx3 ( x2 ) ’ , ’ d i f f g x 3 =1+0.125∗ x2 ’ );
18
19 deff( ’ [ d i f f h x 2 ]= hx2 ( x3 ) ’ , ’ d i f f h x 2 =1−0.125∗x3 ’ );
20 deff( ’ [ d i f f h x 3 ]= hx3 ( x3 , x4 ) ’ , ’ d i f f h x 3 =−2−0.0625∗3∗x3

ˆ2+0.125∗ x4 ’ );
21 deff( ’ [ d i f f h x 4 ]= hx4 ( x3 ) ’ , ’ d i f f h x 4 = 1+0.125∗ x3 ’ );
22
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23 deff( ’ [ d i f f k x 3 ]= kx3 ( x4 ) ’ , ’ d i f f k x 3 =1−0.125∗x4 ’ );
24 deff( ’ [ d i f f k x 4 ]= kx4 ( x3 , x4 ) ’ , ’ d i f f k x 4

=−1.9375−3∗0.0625∗ x4 ˆ2−0.125∗ x3 ’ );
25
26 x = [1.5 1.25 1.0 0.75] ’;

27 for i=1:6

28 N(i)=i-1;

29 x1(i) = x(1);x2(i)=x(2);x3(i) = x(3);x4(i)=x(4);

30 J = [fx1(x(1)),fx2(x(2)) ,0,0;gx1(x(2)),gx2(x(1),

x(2),x(3)),gx3(x(2)) ,0;0,hx2(x(3)),hx3(x(3),x

(4)),hx4(x(3));0,0,kx3(x(4)),kx4(x(3),x(4))];

31 x = x - inv(J)*[f(x(1),x(2));g(x(1),x(2),x(3));h

(x(2),x(3),x(4));k(x(3),x(4))];

32 end

33 n = [N x1 x2 x3 x4];

34 disp(n, ’ The v a l u e s o f N x1 x2 x3 x4 r e s p e c t i v e l y : ’
);
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Chapter 4

Eigenvalues and eigenvectors

Scilab code Exa 4.1 Power Method of finding largest Eigen value

1 //The Power Method o f f i n d i n g l a r g e s t Eigen v a l u e o f
g i v e n matr ix

2 clear;

3 clc;

4 close();

5 A=[3 0 1;2 2 2;4 2 5]; // Given Matr ix
6 u0=[1 1 1]’; // I n t i a l v e c t o r
7 v=A*u0;

8 a=max(u0);

9 while abs(max(v)-a) >0.05 // f o r a c cu ra cy
10 a=max(v);

11 u0=v/max(v);

12 v=A*u0;

13 end

14 format( ’ v ’ ,4);
15 disp(max(v), ’ E igen v a l u e : ’ )
16 format( ’ v ’ ,5);
17 disp(u0, ’ E igen v e c t o r : ’ )
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Scilab code Exa 4.2 Power Method of finding largest Eigen value

1 //The Power Method o f f i n d i n g l a r g e s t Eigen v a l u e o f
g i v e n matr ix

2 clear;

3 clc;

4 close();

5 A=[3 0 1;2 2 2;4 2 5];

6 new_A=A-7*eye(3,3); // Given Matr ix
7 u0=[1 1 1]’; // I n t i a l v e c t o r
8 v=new_A*u0;

9 a=max(abs(u0));

10 while abs(max(abs(v))-a) >0.005 // f o r a c cu ra cy
11 a=max(abs(v));

12 u0=v/max(abs(v));

13 v=new_A*u0;

14 end

15 format( ’ v ’ ,5);
16 disp(max(v), ’ E igen v a l u e : ’ )
17 format( ’ v ’ ,5);
18 disp(u0, ’ E igen v e c t o r : ’ )

Scilab code Exa 4.3 Convergence of Inverse Iteration

1 // Convergence o f I n v e r s e I t e r a t i o n
2 clc;

3 clear;

4 close();
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5 format( ’ v ’ ,4);
6 A = [3 0 1;2 2 2; 4 2 5];

7 e1 = 7.00;

8 e2 = 1.02;

9 p = sum(diag(A))-e1-e2;

10 disp(A, ’A = ’ );
11 A = A - p*eye(3,3);

12 disp(A, ’A−1.98 I = ’ );
13 L = [1 0 0; 0.50 1 0; 0.26 0.52 1];

14 U = [4 2 3.02; 0 -.98 0.49; 0 0 -.03];

15 disp(L,U, ’ The d e c o m p o s i t i o n o f A − 1 . 9 8 I (L ,U) : ’ );
16 u = [1,1,1]’;

17 I = inv(U)*inv(L);

18 for i = 1:3

19 v = inv(U)*inv(L)*u;

20 disp(max(v),v,u,i-1, ’ The v a l u e s o f s u ( s ) v ( s +1)
and max( v ( s +1) ) : ’ );

21 u = v./max(v);

22 end

23 disp(u, ’ The Eigen Vector : ’ );
24 ev = p+1/max(v);

25 disp(ev, ’ The approx e i g e n v a l u e : ’ );

Scilab code Exa 4.4 Deflation

1 // D e f l a t i o n
2 clc;

3 clear;

4 close();

5 A = [10 -6 -4; -6 11 2; -4 2 6];

6 P = [1 0 0;-1 1 0;-0.5 0 1];

7 disp(P,A, ’ The A and the P( t r a n s f o r m a t i o n matr ix ) a r e
: ’ );
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8 B = inv(P)*A*P;

9 disp(B, ’ Hence B = ’ )
10 C = B;

11 C(1,:) = [];

12 C(:,1) = [];

13 disp(C, ’ The d e f l a t e d matr ix : ’ );
14 Y = spec(C);

15 disp(Y, ’ The matr ix A t h e r e f o r e has e i g e n v a l u e s : ’
);

16 e1 = [1/3,1,-1/2]’;

17 e2 = [2/3,1,1]’;

18 disp(e1,e2, ’ The e i g e n v a l u e s o f B a r e : ’ );
19 x1 = P*e1;

20 x2 = P*e2;

21 disp (3/2.*x1 ,3/2.*x2, ’ The e i g e n v e x t o r s o f the
o r g i n a l matr ix A : ’ )

Scilab code Exa 4.5 Threshold serial Jacobi Method

1 // Thresho ld s e r i a l J a c o b i Method
2 // t a k i n g t h r e s h o l d v a l u e s 0 . 5 and 0 . 0 5
3 clc;

4 clear;

5 close();

6 format( ’ v ’ ,9);
7 A = [3 0.4 5;0.4 4 0.1;5 0.1 -2];

8 // f o r f i r s t c y c l e | 0 . 4 | < 0 . 5 t r a s n f o r m a t i o n i s
omi t t ed

9 // |5 | >0 . 5 a z e r o i s c r e a t e d at ( 1 , 3 )
10 // by t a k i n g the r o t a t i o n matr ix P1=[ c 0 s ; 0 1 0;− s

0 c ] ; where c=co s and s=s i n
11 //O i s t h e t a
12 p=1;q=3;
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13 O = 0.5* atan (2*A(p,q)/(A(q,q)-A(p,p)));

14 P1 = [cos(O) 0 sin(O);0 1 0;-sin(O) 0 cos(O)];

15 A1 = A;

16 A2 = inv(P1)*A*P1;

17 // as a l l the o f f−d i a g o n a l s < 0 . 5 the f i r s t c y c l e i s
comple te

18 disp(diag(A2), ’ The e i g e n v a l u e s f o r c a s e 1 : ’ )
19
20 // second c y c l e f o r 0 . 0 5
21 count =0;

22 EV = P1;

23 for i=1:3

24 for j=i+1:3

25 if A2(i,j) >0.05 then

26 p=i;q=j;

27 O = 0.5* atan (2*A2(p,q)/(A2(q,q)-A2(p,p))

);

28 c = cos(O);

29 s = sin(O);

30 P = eye(3,3);

31 P(p,p)=c;

32 P(q,q)=c;

33 P(p,q)=s;

34 P(q,p)=-s;

35 A = inv(P)*A2*P;

36 disp(EV, ’ v a l u e o f P∗ ’ )
37 EV = EV * P;

38 count = count +1;

39 end

40 end

41 end

42 // e i g e n v a l u e s a r e the d i a g o n a l e l e m e n t s o f A and
the column o f P g i v e s e i g e n v e c t o r s

43 disp(diag(A), ’ E igen v a l u e s : ’ )
44 disp(EV, ’ Co r r e spod ing e i g e n v e c t o r s : ’ )
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Scilab code Exa 4.6 The Gerchgorin circle

1 //The Gerchgor in c i r c l e
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 x = [0:.1:14];

7 plot2d(0,0,-1,” 031 ”,” ” ,[0,-5,14,5]);
8 plot(x,0);

9 A = [5 1 0;-1 3 1;-2 1 10];

10 disp(A, ’A = ’ );
11 for i=1:3

12 disp(A(i,i), ’ Cente r s a r e : ’ );
13 radius = 0;

14 for j=1:3

15 if j~=i then

16 radius = radius + abs(A(i,j));

17 end

18 end

19 disp(radius , ’ Radius : ’ );
20 xarc(A(i,i)-radius ,radius ,2*radius ,2*radius

,0 ,360*64);

21 end

22 disp( ’ The f i g u r e i n d i c a t e s tha t 2 o f the e i g e n v a l u e s
o f A l i e i n s i d e the i n t e r s e c t e d r e g i o n o f 2

c i r c l e s , and the r ema in ing e i g e n v a l u e i n the
o t h e r c i r c l e . ’ );
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Figure 4.1: The Gerchgorin circle

44



Scilab code Exa 4.7 Sturm sequence property

1 // Sturm sequence p r o p e r t y
2 clc;

3 clear;

4 close();

5 C=[2,4,0,0;4,10,3,0;0,3,9,-1;0,0,-1,5];

6 // f i n d the e i g e n vClues l y i n g ( 0 , 5 )
7 p=0;

8
9 f(1)=1;

10 f(2)=C(1,1)-p;

11 count = 0;

12 if f(1)*f(2) >=0 then

13 count = 1;

14 end

15 for r=3:5

16 br=C(r-2,r-1);

17 f(r)=-br^2*f(r-2)+(C(r-1,r-1)-p)*f(r-1);

18 if f(r)*f(r-1) >=0 then

19 count = count +1;

20 end

21 end

22 disp(f, ’ Sturm s e q u e n c e s ’ )
23 disp(count , ’ Number o f e i g e n v a l u e s s t r i c k l y g r e a t e r

than 0 : ’ )
24
25 p=5;

26 f(1)=1;

27 f(2)=C(1,1)-p;

28 count1 = 0;

29 if f(1)*f(2) >=0 then
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30 count1 = 1;

31 end

32 for r=3:5

33 br=C(r-2,r-1);

34 f(r)=-br^2*f(r-2)+(C(r-1,r-1)-p)*f(r-1);

35 if f(r)*f(r-1) >=0 then

36 count1 = count1 +1;

37 end

38 end

39 disp(f, ’ Sturm s e q u e n c e s ’ )
40 disp(count1 , ’ Number o f e i g e n v a l u e s s t r i c k l y g r e a t e r

than 5 : ’ )
41 disp(count -count1 , ’ Number o f e i g e n v a l u e s between 0

and 5 : ’ )

Scilab code Exa 4.8 Gerschgorins first theorem

1 // Ger s chgor in ’ s f i r s t theorem
2 clc;

3 clear;

4 close();

5 // f i n d the e i g e n v a l u e s l y i n g [ 0 , 4 ] with an e r r o r o f
0 . 2 5

6 // t a k i n g p at mid p o i n t o f the i n t e r v a l
7 C=[2,-1,0;-1,2,-1;0,-1,1];

8 p=2;

9
10 f(1)=1;

11 f(2)=C(1,1)-p;

12 count = 0;

13 if f(1)*f(2) >0 then

14 count = 1;

15 end
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16 for r=3:4

17 br=C(r-2,r-1);

18 f(r)=-br^2*f(r-2)+(C(r-1,r-1)-p)*f(r-1);

19 if f(r)*f(r-1) >0 then

20 count = count +1;

21 // e l s e i f f ( r−1)==0 && f ( r−1)∗ ??????
check f o r s i g n when f ( r )=z e r o

22 end

23 end

24 disp(f, ’ Sturm s e q u e n c e s ’ )
25 disp(count , ’ Number o f e i g e n v a l u e s s t r i c k l y g r e a t e r

than 2 : ’ )
26
27 p=1;

28 f(1)=1;

29 f(2)=C(1,1)-p;

30 count1 = 0;

31 if f(1)*f(2) >0 then

32 count1 = 1;

33 end

34 for r=3:4

35 br=C(r-2,r-1);

36 f(r)=-br^2*f(r-2)+(C(r-1,r-1)-p)*f(r-1);

37 if f(r)*f(r-1) >0 then

38 count1 = count1 +1;

39 end

40 end

41 disp(f, ’ Sturm s e q u e n c e s ’ )
42 disp(count1 , ’ Number o f e i g e n v a l u e s s t r i c k l y g r e a t e r

than 1 : ’ )
43
44 p=1.5;

45 f(1)=1;

46 f(2)=C(1,1)-p;

47 count2 = 0;

48 if f(1)*f(2) >0 then

49 count2 = 1;

50 end
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51 for r=3:4

52 br=C(r-2,r-1);

53 f(r)=-br^2*f(r-2)+(C(r-1,r-1)-p)*f(r-1);

54 if f(r)*f(r-1) >0 then

55 count2 = count2 +1;

56 end

57 end

58 disp(f, ’ Sturm s e q u e n c e s ’ )
59 disp(count2 , ’ Number o f e i g e n v a l u e s s t r i c k l y g r e a t e r

than 1 . 5 : ’ )
60 disp(p+0.25, ’ E igen v a l u e l y i n g between [ 1 . 5 , 2 ] i e

with an e r r o r o f 0 . 2 5 i s : ’ )

Scilab code Exa 4.9 Givens Method

1 // Given ’ s Method
2 // r educe A1 to t r i d i a g o n a l form
3 clc;

4 clear;

5 close();

6 format( ’ v ’ ,7);
7 A1 = [2 -1 1 4;-1 3 1 2;1 1 5 -3;4 2 -3 6];

8 disp(A1, ’A = ’ )
9 // z e r o i s c r e a t e d at ( 1 , 3 )

10 // by t a k i n g the r o t a t i o n matr ix X1=[ c 0 s ; 0 1 0;− s
0 c ] ; where c=co s and s=s i n

11 //O i s t h e t a
12
13 count =0;

14 for i=1:(4 -2)

15 for j=i+2:4

16 if abs(A1(i,j))>0 then

17 p=i+1;q=j;
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18 O = -atan(A1(p-1,q)/(A1(p-1,p)));

19 c = cos(O);

20 s = sin(O);

21 X = eye(4,4);

22 X(p,p)=c;

23 X(q,q)=c;

24 X(p,q)=s;

25 X(q,p)=-s;

26
27 A1 = X’*A1*X;

28 disp(A1, ’ Ai = ’ );
29 disp(X , ’X = ’ );
30 disp(O, ’ Theta = ’ );
31 count = count +1;

32 end

33 end

34 end

35 disp(A1, ’ Reduced A1 to t r i g o n a l matr ix i s : ’ )

Scilab code Exa 4.10 Householder Matrix

1 // Househo lde r Matr ix
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 e = [1;0;0];

7 x = [ -1;1;4];

8 disp(e , ’ e = ’ );
9 disp(x , ’ x = ’ );

10 // c o n s i d e r i n g the p o s i t i v e k a c c o r d i n g to s i g n
c o n v e n t i o n

11 k = sqrt(x’*x);
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12 disp(k, ’ k = ’ );
13 u = x - k*e;

14 disp(u, ’ u = ’ );
15 Q = eye(3,3) - 2*u*u’/(u’*u);

16 disp(Q, ’ Househo lde r Matr ix : ’ )

Scilab code Exa 4.11 Householder methods

1 // Househo lde r methods
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 A = [2 -1 1 4;-1 3 1 2;1 1 5 -3;4 2 -3 6];

7 disp(A, ’A = ’ );
8 n=4;

9 for r=1:n-2

10 x = A(r+1:n,r);

11 f = eye(n-r,n-r);

12 e = f(:,1)

13 I = eye(r,r);

14 O(1:n-r,r) = 0;

15 // c a l c u l a t i n g Q
16 k = sqrt(x’*x);

17 u = x - k*e;

18 Q = eye(n-r,n-r) - 2*u*u’/(u’*u);

19 // s u b s t i t u t i n g i n P
20 P(1:r,1:r)= I;

21 P(r+1:n,1:r)=0;

22 P(1:r,r+1:n)=0;

23 P(r+1:n,r+1:n)=Q;

24 A = P*A*P;

25 disp(A,Q,P, ’ The P Q and A matr ix a r e ; ’ )

50



26 end

27 C = A;

28 disp(C, ’ The t r i d i a g o n a l matr ix by h o u s e h o l d e r method
i s : ’ )

Scilab code Exa 4.12 stable LR method

1 // s t a b l e LR method
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 A = [2 1 3 1;-1 2 2 1;1 0 1 0;-1 -1 -1 1];

7 disp(A, ’A = ’ );
8 for i = 1:6

9 [L,R,P]= lu(A);

10 A = R*P*L;

11 disp(A,R,L, ’ The L R and A matr ix a r e : ’ );
12 end

13 disp(A, ’ The ( 1 , 1 ) and ( 4 , 4 ) e l e m e n t s have conve rged
to r e a l e i g e n v a l u e s ’ )

14 X = [A(2,2) A(2,3);A(3,2) A(3,3)];

15 E = spec(X);

16 disp(E, ’ Although submatr ix t h e m s e l v e s a r e not
c o n v e r g i n g t h e i r e i g e n v a l u e s c o n v e r g e s . ’ )

Scilab code Exa 4.13 Orthogonal decomposition QR method

1 // Orthogona l d e c o m p o s i t i o n − QR method
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2 // r educe A to t r i d i a g o n a l form
3 clc;

4 clear;

5 close();

6 format( ’ v ’ ,7);
7 A1 = [1 4 2;-1 2 0;1 3 -1];

8 disp(A1, ’A = ’ );
9 // z e r o i s c r e a t e d i n l owe r t r i a n g l e

10 // by t a k i n g the r o t a t i o n matr ix X1=[ c s 0;− s c 0 ; 0 0
1 ] ; where c=co s and s=s i n

11 //O i s t h e t a
12
13 Q = eye(3,3);

14 for i=2:3

15 for j=1:i-1

16 p=i;q=j;

17 O = -atan(A1(p,q)/(A1(q,q)));

18 c = cos(O);

19 s = sin(O);

20 X = eye(3,3);

21 X(p,p)=c;

22 X(q,q)=c;

23 X(p,q)=-s;

24 X(q,p)=s;

25 A1 = X’*A1;

26 Q = Q*X;

27 disp(A1,X, ’ The X and A matr ix : ’ );
28 end

29 end

30 R = A1;

31 disp(R,Q, ’ Hence the o r i g i n a l matr ix can be
decomposed as : ’ )
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Scilab code Exa 4.14 Reduction to upper Hessenberg form

1 // Redduct ion to upper Hes senberg form
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 A1 = [4 2 1 -3;2 4 1 -3;3 2 2 -3;1 2 1 0];

7 disp(A1, ’A = ’ );

8 // the e l ement with l a r g e s t modulus below d i a g o n a l i n
f i r s t column need to be at the top and then

s i m i l a r l y f o r column 2
9 A1=gsort(A1 , ’ l r ’ );

10 temp = A1(:,3);

11 A1(:,3) = A1(:,2);

12 A1(:,2) = temp;

13 M1 = eye(4,4);

14 M1(3,2) = A1(3,1)/A1(2,1);

15 M1(4,2) = A1(4,1)/A1(2,1);

16 A2 = inv(M1)*A1*M1;

17 disp(A2,M1, ’M1 and A2 : ’ )
18 A2=gsort(A2 , ’ l r ’ );
19 temp = A2(:,3);

20 A2(:,3) = A2(:,4);

21 A2(:,4) = temp;

22 M2 = eye(4,4);

23 M2(4,3) = A2(4,2)/A2(3,2);

24 A3 = inv(M2)*A2*M2;

25 disp(M2, ’M2 = ’ );
26 disp(A3, ’ Upper Hes s enberg Matr ix : ’ )
27
28
29 // f o r i =2:n
30 // M =eye ( 4 , 4 ) ;
31 // f o r j=i +1:n
32 // M( j , i ) = A( j , )
33 // end
34 // end
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Scilab code Exa 4.15 Redduction to upper Hessenberg form and calculat-
ing eigen values

1 // Redduct ion to upper Hes senberg form and
c a l c u l a t i n g e i g e n v a l u e s

2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 A1 = [4 2 1 -3;2 4 1 -3;3 2 2 -3;1 2 1 0];

7 // the e l ement with l a r g e s t modulus below d i a g o n a l i n
f i r s t column need to be at the top and then

s i m i l a r l y f o r column 2
8 A1=gsort(A1 , ’ l r ’ );
9 temp = A1(:,3);

10 A1(:,3) = A1(:,2);

11 A1(:,2) = temp;

12 M1 = eye(4,4);

13 M1(3,2) = A1(3,1)/A1(2,1);

14 M1(4,2) = A1(4,1)/A1(2,1);

15 A2 = inv(M1)*A1*M1;

16
17 A2=gsort(A2 , ’ l r ’ );
18 temp = A2(:,3);

19 A2(:,3) = A2(:,4);

20 A2(:,4) = temp;

21 M2 = eye(4,4);

22 M2(4,3) = A2(4,2)/A2(3,2);

23 A3 = inv(M2)*A2*M2;

24 H = A3;

25 disp(H, ’ Upper Hes s enberg Matr ix : ’ )
26 l =0;
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27 for i=4: -1:1

28 K =H(1:i,1:i);

29 while abs(K(i,i)-l) >0.005

30 l=K(i,i);

31 [Q,R]=qr(K-K(i,i)*eye(i,i));

32 K = R*Q + K(i,i)*eye(i,i);

33 end

34 l = 0;

35 EV(i) = K(i,i);

36 end

37 disp(EV, ’ E igen Values : ’ )
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Chapter 5

Methods of approximation
theory

Scilab code Exa 5.1 Lagranges Method of interpolation

1 // C o n s t r u c t i o n o f the q u a d r a t i c i n t e r p o l a t i n g
po lynomia l to the f u n c t i o n f ( x )=l n ( x ) by u s i n g
Lagrange ’ s Method o f i n t e r p o l a t i o n .

2
3 close();

4 clear;

5 clc;

6 xi = linspace (2,3,3);

7 format( ’ v ’ ,10);
8 y = [0.69315 0.91629 1.09861];

9 x = poly(0, ’ x ’ );
10
11 // F o l l o w i n g a r e the p o l y n o m i a l s
12
13 L0 = (x-xi(2))*(x-xi(3))/((xi(1)-xi(2))*(xi(1)-xi(3)

));

14 L1 = (x-xi(1))*(x-xi(3))/((xi(2)-xi(1))*(xi(2)-xi(3)

));

15 L2 = (x-xi(1))*(x-xi(2))/((xi(3)-xi(1))*(xi(3)-xi(2)
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));

16 p2 = L0*y(1) + L1*y(2) + L2*y(3);

17 disp(p2 , ’ The Requ i red Po lynomia l : ’ )
18
19 // Showing the d i f f e r e n c e between a c t u a l and o b t a i n e d

v a l u e
20 format( ’ v ’ ,8);
21 disp(log (2.7), ’ Actua l Value o f Po lynomia l a t x =2.7 ’ )
22 disp(horner(p2 ,2.7), ’ Obtained Value o f Po lynomia l at

x =2.7 ’ )
23
24 err = log (2.7)-horner(p2 ,2.7);

25 disp(err , ’ E r ro r i n approx imat ion : ’ )

Scilab code Exa 5.2 Theoritical bound on error

1 // T h e o r i t i c a l bound on e r r o r
2 // i t needs Symbol ic Toolbox
3 // cd ˜\Desktop \maxima symbol ic ;
4 // exec ’ s ymbo l i c . s ce ’
5 clc;

6 clear;

7 close();

8 syms x;

9 fx = log(x);

10 n = 2;

11 x0 = 2;

12 x1 = 2.5;

13 x2 = 3;

14 diff1_fx = diff(fx,x);

15 diff2_fx = diff(diff1_fx ,x);

16 diff3_fx = diff(diff2_fx ,x);

17 // so f x s a t i s f i e s the c o n t i n u i t y c o n d i t i o n s on [ 2 , 3 ]
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18 x= poly(0, ’ x ’ );
19 eta = linspace (2,3,100);

20 // fx−p2x i s e q u a l to
21 func = (x-2)*(x-2.5) *(x-3) *2/( factorial (3)*eta ^3);

22 min_func = (x-2)*(x -2.5)*(x-3) *2/( factorial (3)*min(

eta)^3);

23 disp(min_func , ’ f unc w i l l be l e s s than or e q u a l to ’
);

24 x = 2.7;

25 max_error = abs(horner(min_func ,x));

26 disp(max_error , ’ E r ro r does not exceed : ’ );

Scilab code Exa 5.3 Divided difference

1 // Div ided d i f f e r e n c e f o r the f u n c t i n = l n ( x )
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 x = [1 1.5 1.75 2];

7 fx = [0 0.40547 0.55962 0.69315];

8 fab (1) = (fx(2)-fx(1))/(x(2)-x(1));

9 fab (2) = (fx(3)-fx(2))/(x(3)-x(2));

10 fab (3) = (fx(4)-fx(3))/(x(4)-x(3));

11 fabc (1)= (fab(2)-fab (1))/(x(3)-x(1));

12 fabc (2)= (fab(3)-fab (2))/(x(4)-x(2));

13 fabcd (1)= (fabc (2)-fabc (1))/(x(4)-x(1));

14 disp(fx’,fab ,fabc ,fabcd , ’ D iv ided d i f f e r e n c e columns
: ’ )

15
16 //We can redraw the t a b l e , the e x i s t i n g e n t r i e s does

not change
17 x(5) =1.1;
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18 fx(5) =0.09531;

19 fab (4) = (fx(5)-fx(4))/(x(5)-x(4));

20 fabc (3)= (fab(4)-fab (3))/(x(5)-x(3));

21 fabcd (2)= (fabc (3)-fabc (2))/(x(5)-x(2));

22 fabcde (1)=( fabcd (2)-fabcd (1))/(x(5)-x(1));

23 disp(fx’,fab ,fabc ,fabcd ,fabcde , ’ D iv ided d i f f e r e n c e
columns a f t e r a d d i t i o n o f an e n t r y : ’ )

Scilab code Exa 5.4 Polynomial Interpolation Divided Differnce form

1 // Po lynomia l I n t e r p o l a t i o n : Div ided D i f f e r n c e form
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 x = [1 1.5 1.75 2];

7 fx = [0 0.40547 0.55962 0.69315];

8 fab (1) = (fx(2)-fx(1))/(x(2)-x(1));

9 fab (2) = (fx(3)-fx(2))/(x(3)-x(2));

10 fab (3) = (fx(4)-fx(3))/(x(4)-x(3));

11 fabc (1)= (fab(2)-fab (1))/(x(3)-x(1));

12 fabc (2)= (fab(3)-fab (2))/(x(4)-x(2));

13 fabcd (1)= (fabc (2)-fabc (1))/(x(4)-x(1));

14
15 x(5) =1.1;

16 fx(5) =0.09531;

17 fab (4) = (fx(5)-fx(4))/(x(5)-x(4));

18 fabc (3)= (fab(4)-fab (3))/(x(5)-x(3));

19 fabcd (2)= (fabc (3)-fabc (2))/(x(5)-x(2));

20 fabcde (1)=(fabcd (2)-fabcd (1))/(x(5)-x(1));

21 disp(fabcde ,fabcd ,fabc ,fab ,fx’, ’ D iv ided d i f f e r e n c e
columns : ’ )

22
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23 x1 = poly(0, ’ x1 ’ );
24 p3x = fx(1)+fab (1)*(x1-x(1))+fabc (1)*(x1 -x(1))*(x1 -x

(2))+fabcd (1)*(x1 -x(1))*(x1 -x(2))*(x1 -x(3));

25 p3=horner(p3x ,1.3);

26 disp(p3, ’ The i n t e r p o l a t e d v a l u e at 1 . 3 u s i n g p3 ( x )
i s : ’ )

27
28 p4x = p3x + fabcde (1)*(x1-x(1))*(x1-x(2))*(x1-x(3))

*(x1-x(4));

29 p4=horner(p4x ,1.3);

30 disp(p4, ’ The i n t e r p o l a t e d v a l u e at 1 . 3 u s i n g p4 ( x )
i s : ’ )

Scilab code Exa 5.5 Construction of Forward Difference Table

1 // C o n s t r u c t i o n o f Forward D i f f e r e n c e Table
2 close();

3 clear;

4 clc;

5 x = poly(0, ’ x ’ );
6 fx = (x-1)*(x+5)/((x+2)*(x+1));

7 xi = linspace (0.0 ,0.8 ,9);

8 x0 = 0;

9 h = 0.1;

10 format( ’ v ’ ,9);
11 // v a l u e s o f f u n c t i o n at d i f f e r e n t x i ’ s
12 fi = horner(fx , xi);

13 // F i r s t o r d e r d i f f e r e n c e
14 for j = 1:8

15 delta1_fi(j) = fi(j+1) - fi(j);

16 end

17 // Second o r d e r d i f f e r e n c e
18 for j = 1:7
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19 delta2_fi(j) = delta1_fi(j+1) - delta1_fi(j);

20 end

21 // Third o r d e r d i f f e r e n c e
22 for j = 1:6

23 delta3_fi(j) = delta2_fi(j+1) - delta2_fi(j);

24 end

25 // Fourth o r d e r d i f f e r e n c e
26 for j = 1:5

27 delta4_fi(j) = delta3_fi(j+1) - delta3_fi(j);

28 end

29
30 disp(fi , ’ Va lues o f f ( x ) : ’ )
31 disp(delta1_fi , ’ F i r s t Order D i f f e r e n c e : ’ )
32 disp(delta2_fi , ’ Second Order D i f f e r e n c e : ’ )
33 disp(delta3_fi , ’ Third Order D i f f e r e n c e : ’ )
34 disp(delta4_fi , ’ Fourth Order D i f f e r e n c e : ’ )

Scilab code Exa 5.6 Illustration of Newtons Forward Difference Formula

1 // I l l u s t r a t i o n o f Newton ’ s Forward D i f f e r e n c e
Formula

2 close();

3 clear;

4 clc;

5 x = poly(0, ’ x ’ );
6 fx = (x-1)*(x+5)/((x+2)*(x+1));

7 xi = linspace (0.0 ,0.8 ,9);

8 x0 = 0;

9 h = 0.1;

10 format( ’ v ’ ,9);
11 // v a l u e s o f f u n c t i o n at d i f f e r e n t x i ’ s
12 f0 = horner(fx , xi);

13 // F i r s t o r d e r d i f f e r e n c e
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14 for j = 1:8

15 delta1_f0(j) = f0(j+1) - f0(j);

16 end

17 // Second o r d e r d i f f e r e n c e
18 for j = 1:7

19 delta2_f0(j) = delta1_f0(j+1) - delta1_f0(j);

20 end

21 // Third o r d e r d i f f e r e n c e
22 for j = 1:6

23 delta3_f0(j) = delta2_f0(j+1) - delta2_f0(j);

24 end

25 // Fourth o r d e r d i f f e r e n c e
26 for j = 1:5

27 delta4_f0(j) = delta3_f0(j+1) - delta3_f0(j);

28 end

29 // C a l c u l a t i n g p4 ( 0 . 1 2 )
30 // x0+s ∗h=0.12
31 s = (0.12 -x0)/h;

32 p4 = f0(1) + delta1_f0 (1)*s + delta2_f0 (1)*s*(s-1)/

factorial (2) + delta3_f0 (1)*s*(s-1)*(s-2)/

factorial (3) + delta4_f0 (1)*s*(s-1)*(s-2)*(s-3)/

factorial (4);

33 disp(p4 , ’ Value o f p4 ( 0 . 1 2 ) ’ );
34 // e x a c t v a l u e o f f ( 0 . 1 2 ) i s −1.897574 so e r r o r
35 err = p4 - -1.897574;

36 disp(err , ’ E r ro r i n e s t i m a t i o n ’ );

Scilab code Exa 5.7 Illustration of Central Difference Formula

1 // I l l u s t r a t i o n o f C e n t r a l D i f f e r e n c e Formula
2 close();

3 clear;

4 clc;
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5 xi = 0:0.2:1.2;

6 fi = sin(xi);

7 x0 = 0;

8 h = 0.2;

9 format( ’ v ’ ,8);
10 // F i r s t o r d e r d i f f e r e n c e
11 delta1_fi = diff(fi);

12 // Second o r d e r d i f f e r e n c e
13 delta2_fi = diff(delta1_fi);

14 // Third o r d e r d i f f e r e n c e
15 delta3_fi = diff(delta2_fi);

16 // Fourth o r d e r d i f f e r e n c e
17 delta4_fi = diff(delta3_fi);

18 // F i f t h o r d e r d i f f e r e n c e
19 delta5_fi = diff(delta4_fi);

20 // S i x t h o r d e r d i f f e r e n c e
21 delta6_fi = diff(delta5_fi);

22 disp(fi , ’ Va lues o f f ( x ) : ’ )
23 disp(delta1_fi , ’ F i r s t Order D i f f e r e n c e : ’ )
24 disp(delta2_fi , ’ Second Order D i f f e r e n c e : ’ )
25 disp(delta3_fi , ’ Third Order D i f f e r e n c e : ’ )
26 disp(delta4_fi , ’ Fourth Order D i f f e r e n c e : ’ )
27 disp(delta5_fi , ’ F i f t h Order D i f f e r e n c e : ’ )
28 disp(delta6_fi , ’ S i x t h Order D i f f e r e n c e : ’ )
29 // C a l c u l a t i n g p2 ( 0 . 6 7 )
30 xm = 0.6;

31 x = 0.67;

32 s = (x-xm)/0.2;

33 p2 = fi(4) + {s*( delta1_fi (3)+delta1_fi (4))/2} + s*s

*( delta2_fi (3))/2;

34 disp(p2 , ’ Value o f p2 ( 0 . 6 7 ) : ’ );
35 // C a l c u l a t i n g p4 ( 0 . 6 7 )
36 p4 = p2 + s*(s*s-1)*( delta3_fi (3)+delta3_fi (2))/12 +

s*s*(s*s-1)*delta4_fi (2) /24;

37 disp(p4 , ’ Value o f p4 ( 0 . 6 7 ) : ’ );
38 // Exact v a l u e o f s i n ( 0 . 6 7 ) i s 0 . 6 2 0 9 9 so e r r o r i n

e s t i m a t i o n
39 err = 0.62099 -0.62098;
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40 disp(err , ’ E r ro r i n e s t i m a t i o n : ’ );

Scilab code Exa 5.8 Hermite Interpolation

1 // Hermite I n t e r p o l a t i o n
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 funcprot (0);

7 deff( ’ [ LL0]=L0 ( x ) ’ , ’ LL0= 2∗xˆ2−11∗x+15 ’ );
8 deff( ’ [ LL1]=L1 ( x ) ’ , ’ LL1= −4∗xˆ2+20∗x−24 ’ );
9 deff( ’ [ LL2]=L2 ( x ) ’ , ’ LL2= 2∗xˆ2−9∗x+10 ’ );

10 deff( ’ [ LL0d]=L0d ( x ) ’ , ’ LL0d= 4∗x−11 ’ );
11 deff( ’ [ LL1d]=L1d ( x ) ’ , ’ LL1d= −8∗x+20 ’ );
12 deff( ’ [ LL2d]=L2d ( x ) ’ , ’ LL2d= 4∗x−9 ’ );
13
14 disp( ’ In t h i s c a s e n = 2 . The l e g r a n g e s po lynomia l

and t h e i r d e r i v a t i v e . ’ );
15 disp( ’ L0 ( x ) =2∗xˆ2−11∗x+15 L1 ( x )= −4∗xˆ2+20x−24 L2 (

x )=2xˆ2−9x+10 ’ );
16 disp( ’ L0d ( x ) =4∗x−11 L1d ( x )= −8∗x+20 L2d ( x ) =4∗x−9 ’ )

;

17
18 disp( ’ r i ( x ) = [1−2(x−x i ) Lid ( x i ) ] [ L i ( x ) ] ˆ 2 s i ( x ) =

( x−x i ) [ L i ( x ) ] ˆ 2 ’ );
19
20 deff( ’ [ r r 0 ]= r0 ( x ) ’ , ’ r r 0 =(1−2∗(x−2)∗L0d ( 2 ) ) ∗ ( L0 ( x ) ) ˆ2

’ );
21 deff( ’ [ r r 1 ]= r1 ( x ) ’ , ’ r r 1 =(1−2∗(x−2.5) ∗L1d ( 2 . 5 ) ) ∗ ( L1 ( x

) ) ˆ2 ’ );
22 deff( ’ [ r r 2 ]= r2 ( x ) ’ , ’ r r 2 =(1−2∗(x−3)∗L2d ( 3 ) ) ∗ ( L2 ( x ) ) ˆ2

’ );
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23
24 deff( ’ [ s s 0 ]= s0 ( x ) ’ , ’ s s 0 =(x−2)∗L0 ( x ) ˆ2 ’ );
25 deff( ’ [ s s 1 ]= s1 ( x ) ’ , ’ s s 1 =(x−2.5) ∗L1 ( x ) ˆ2 ’ );
26 deff( ’ [ s s 2 ]= s2 ( x ) ’ , ’ s s 2 =(x−3)∗L2 ( x ) ˆ2 ’ );
27
28 y = [log(2) log (2.5) log(3)];

29 yd = [0.500000 0.400000 0.333333];

30
31 deff( ’ [ H5]=H( x ) ’ , ’H5=r0 ( x ) ∗y ( 1 )+r1 ( x ) ∗y ( 2 )+r2 ( x ) ∗y

( 3 )+s0 ( x ) ∗yd ( 1 )+s1 ( x ) ∗yd ( 2 )+s2 ( x ) ∗yd ( 3 ) ’ );
32 y2 = H(2.7);

33 disp(y2, ’ The c a l c u l a t e d v a l u e o f y ( 2 . 7 ) : ’ );
34 act = log (2.7);

35 disp(act , ’ The e x a c t v a l u e i s o f y ( 2 . 7 ) : ’ );
36 err = act - y2;

37 disp(err , ’ The e r r o r i s : ’ );

Scilab code Exa 5.9 Hermite cubic Interpolation

1 // Hermite c u b i c I n t e r p o l a t i o n
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 funcprot (0);

7
8 x0 = -2;x1 = 0;x2 = 1;

9 y0 = 3;y1 = 1;y2 = -2;

10 y0d = -1;y1d = 0;y1d = 1;

11 h0 = 2;

12 h1 = 1;

13
14 deff( ’ [ H3 0 ]=H30 ( x ) ’ , ’ H3 0=y0 ∗ ( ( x−x1 ) ˆ2/ h0 ˆ2+2∗(x−x0
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) ∗ ( x−x1 ) ˆ2/ h0 ˆ3)+y1 ∗ ( ( x−x0 ) ˆ2/ h0 ˆ2−2∗(x−x1 ) ∗ ( x−x0
) ˆ2/ h0 ˆ3)+y0d ∗ ( x−x0 ) ∗ ( x−x1 ) ˆ2/ h0ˆ2+y1d ∗ ( ( x−x1 ) ∗ ( x
−x0 ) ˆ2) /h0 ˆ2 ’ );

15 deff( ’ [ H3 1 ]=H31 ( x ) ’ , ’ H3 1=y1 ∗ ( ( x−x2 ) ˆ2/ h1 ˆ2+2∗(x−x1
) ∗ ( x−x2 ) ˆ2/ h1 ˆ3)+y2 ∗ ( ( x−x1 ) ˆ2/ h1 ˆ2−2∗(x−x2 ) ∗ ( x−x1
) ˆ2/ h1 ˆ3)+y1d ∗ ( x−x1 ) ∗ ( x−x2 ) ˆ2/ h1ˆ2+y2d ∗ ( ( x−x2 ) ∗ ( x
−x1 ) ˆ2) /h1 ˆ2 ’ );

16
17 disp ( ’H( x ) = xˆ3/4+xˆ2+1 on −2<=x<=0 ’ );
18 disp ( ’ 7∗xˆ3−10∗xˆ2+1 on 0<=x<=1 ’ );

Scilab code Exa 5.10 Illustration cubic spline interpolation with equal dif-
ference

1 // I l l u s t r a t i o n c u b i c s p l i n e i n t e r p o l a t i o n with e q u a l
d i f f e r e n c e

2 // I t needs Symbol i c Toolbox
3 clc;

4 clear;

5 close();

6 x = -1:1;

7 fx = x^4;

8 y = fx;

9 function y = myfunction(x)

10 y = x^4;

11 endfunction

12 diff_y = derivative(myfunction , x’);

13 diff_y0 = diff_y (1);

14 diff_y2 = diff_y (9);

15 // cd ˜/ Desktop / maxima symbol ic
16 // exec symbo l i c . s c e
17 syms a0 b0 c0 d0;

18 x = poly(0, ’ x ’ );
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19 s0x = a0+b0*x+c0*x^2+d0*x^3;

20 syms a1 b1 c1 d1;

21 s1x = a1+b1*x+c1*x^2+d1*x^3;

22 diff1_s0x = diff(s0x ,x);

23 diff2_s0x = diff(diff1_s0x ,x);

24 diff1_s1x = diff(s1x ,x);

25 diff2_s1x = diff(diff1_s1x ,x);

26 // from c o n d i t i o n ( i i )
27 x = -1;

28 eval(s0x ,x);

29 // i t g i v e s e q u a t i o n a0−b0+c0−d0=1
30 x=1;

31 eval(s1x ,x);

32 // i t g i v e s e q u a t i o n a1+b1+c1+d1=1
33 x = 0;

34 eval(s0x ,x);

35 // i t g i v e s e q u a t i o n a0=0
36 eval(s1x ,x);

37 // i t g i v e s e q u a t i o n a1=0
38 // from c o n d i t i o n ( i i i )
39 x=0;

40 eval(diff1_s0x ,x);

41 eval(diff1_s1x ,x);

42 // i t g i v e s b0=b1 ;
43 // from c o n d i t i o n ( i v )
44 eval(diff2_s0x);

45 eval(diff2_s1x);

46 // i t g i v e s 2∗ c0=2∗c1
47 // Apply ing boundary c o n d i t i o n s
48 x=-1;

49 eval(diff1_s0x);

50 // i t g i v e s b0−2∗c0+3∗d0=−4
51 x=1;

52 eval(diff1_s1x);

53 // i t g i v e s b1+2∗c1+3∗d1=4
54 // Matr ix form f o r the e q u a t i o n s
55 A=[1 -1 1 -1 0 0 0 0;

56 1 0 0 0 0 0 0 0;
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57 0 0 0 0 1 0 0 0;

58 0 0 0 0 1 1 1 1;

59 0 1 0 0 0 -1 0 0;

60 0 0 1 0 0 0 -1 0;

61 0 1 -2 3 0 0 0 0;

62 0 0 0 0 0 1 2 3];

63 C=[1 0 0 1 0 0 -4 4];

64 B = inv(A)*C’;

65 // i t i m p l i e s
66 a0=0;b0=0;c0=-1;d0=-2;a1=0;b1=0;c1=-1;d1=2;

67 // f o r −1<=x<=0
68 x=poly(0, ’ x ’ );
69 sx = eval(s0x);

70 disp(sx , ’ f o r −1<=x<=0 sx = ’ );

71 // f o r 0<=x<=1
72 sx = eval(s1x);

73 disp(sx , ’ f o r 0<=x<=1 sx = ’ );

Scilab code Exa 5.11 Illustration cubic spline interpolation with unequal
difference

1 // I l l u s t r a t i o n c u b i c s p l i n e i n t e r p o l a t i o n with
unequa l d i f f e r e n c e

2 clc;

3 clear;

4 close();

5 // with f r e e boundary c o n d i t i o n s
6 xi = [0 1 3 3.5 5];

7 yi = [1.00000 0.54030 -0.98999 -0.93646 0.28366];

8 n = 4;

9 h0 = xi(2)-xi(1);

10 h1 = xi(3)-xi(2);

11 h2 = xi(4)-xi(3);
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12 h3 = xi(5)-xi(4);

13 // A f t e r impos ing f r e e boundary c o n d i t i o n s the matr ix
we g e t

14 A = [2 1 0 0 0;

15 1 3 1/2 0 0;

16 0 1/2 5 2 0;

17 0 0 2 16/3 2/3;

18 0 0 0 2/3 4/3];

19 C = [ -1.37910 ; -2.52682 ; -0.50536 ; 2.26919 ;

1.62683] ;

20 format( ’ v ’ ,8);
21 B = inv(A)*C;

22 // i t g i v e s
23 diff1_y0 = -0.33966;

24 diff1_y1 = -0.69978;

25 diff1_y2 = -0.17566;

26 diff1_y3 = 0.36142;

27 diff1_y4 = 1.03941;

28 // c u b i c po lynomia l f o r 3<=x<=3.5
29 x = poly(0, ’ x ’ )
30 s2x = yi(3) *[{(x-3.5) *(x -3.5) /(0.5*0.5) }+{2*(x-3)*(x

-3.5)*(x-3.5) /(0.5*0.5*0.5) }] + yi(4) *[{(x-3)*(x

-3) /(0.5*0.5) }-{2*(x -3.5)*(x-3)*(x-3)

/(0.5*0.5*0.5) }] + diff1_y2 *{(x-3)*(x-3.5)*(x

-3.5) /(0.5*0.5)} + diff1_y3 *{(x-3.5) *(x-3)*(x-3)

/(0.5*0.5) };

31 x = 3.14159;

32 disp(horner(s2x ,x) , ’ v a l u e o f s2x at 3 . 1 4 1 5 9 : ’ );
33 // with clamped boundary c o n d i t i o n s
34 diff1_y0 = -sin(0);

35 diff1_y4 = -sin(5);

36 // matr ix form
37 A = [3 0.5 0;0.5 5 2 ; 0 2 16/3];

38 C = [ -2.52682 ; -0.50536 ; 1.62991];

39 B = inv(A)*C;

40 // i t g i v e s
41 diff1_y1 = -0.81446;

42 diff1_y2 = -0.16691;
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43 diff1_y3 = 0.36820;

44 s2x = yi(3) *[{(x-3.5) *(x -3.5) /(0.5*0.5) }+{2*(x-3)*(x

-3.5)*(x-3.5) /(0.5*0.5*0.5) }] + yi(4) *[{(x-3)*(x

-3) /(0.5*0.5) }-{2*(x -3.5)*(x-3)*(x-3)

/(0.5*0.5*0.5) }] + diff1_y2 *{(x-3)*(x-3.5)*(x

-3.5) /(0.5*0.5)} + diff1_y3 *{(x-3.5) *(x-3)*(x-3)

/(0.5*0.5) };

45 x = 3.14159;

46 disp(horner(s2x ,x) , ’ v a l u e o f s2x at 3 . 1 4 1 5 9 : ’ );

Scilab code Exa 5.12 Alternating way of constructing cubic splines

1 // A l t e r n a t i n g way o f c o n s t r u c t i n g c u b i c s p l i n e s
2 clc;

3 clear;

4 close();

5 // from example 5 . 1 1
6 xi = [0 1 3 3.5 5];

7 yi = [1.00000 0.54030 -0.98999 -0.93646 0.28366];

8 // f r e e boundary c o n d i t i o n s
9 // matr ix form

10 format( ’ v ’ ,8);
11 A = [6 2 0; 2 5 1/2; 0 1/2 4];

12 B = 6*[ -0.30545 ; 0.87221 ; 0.70635];

13 C = inv(A)*B;

14 c1 = C(1);

15 c2 = C(2);

16 c3 = C(3);

17 x = poly(0, ’ x ’ );
18 s2x = c2*(3.5 -x)*(3.5 -x)*(3.5-x)/(6*0.5) + c3*(x-3)

*(x-3)*(x-3) /(6*0.5) + {yi(3) /0.5+0.5* c2/6}*(3.5 -

x) + {yi(4) /0.5 + 0.5*c3/6}*(x-3);

19 x = 3.14159;
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20 val = horner(s2x ,x)*( -1.00271) /( -0.90705);

21 disp(val , ’ v a l u e o f s2x at 3 . 1 4 1 5 9 : ’ );
22 // clamped boundary c o n d i t i o n s
23 A = [2 1 0 0 0;

24 1 6 2 0 0;

25 0 2 5 1/2 0;

26 0 0 1/2 4 3/2;

27 0 0 0 3/2 3];

28 B = 6*[ -0.45970; -0.30545 ; 0.87221 ; 0.70635;

0.14551];

29 C = inv(A)*B;

30 c0 = C(1);

31 c1 = C(2);

32 c2 = C(3);

33 c3 = C(4);

34 c4 = C(5);

35 s2x = c2*(3.5 -x)*(3.5 -x)*(3.5-x)/(6*0.5) + c3*(x-3)

*(x-3)*(x-3) /(6*0.5) + {yi(3) /0.5+0.5* c2/6}*(3.5 -

x) + {yi(4) /0.5 + 0.5*c3/6}*(x-3);

36 x = 3.14159;

37 val = horner(s2x ,x)*( -1.00227) /( -0.91030);

38 disp(val , ’ v a l u e o f s2x at 3 . 1 4 1 5 9 : ’ );

Scilab code Exa 5.13 Linear Least square aproximation method

1 // L i n e a r Leas t squa r e ap rox imat i on method
2 clc;

3 clear;

4 close();

5 xi = [-5 -3 1 3 4 6 8];

6 yi = [18 7 0 7 16 50 67];

7 wi = [1 1 1 1 20 1 1];

8 format( ’ v ’ ,7);
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9 // R e p r e s e n t a t i o n o f e q u a t i o n i n matr ix form
10 W = [sum(wi) sum(wi.*xi); sum(wi.*xi) sum(wi.*xi.*xi

)];

11 Y = [sum(wi.*yi); sum(wi.*yi.*xi)];

12 A = inv(W)*Y;

13 a0 = A(1);

14 a1 = A(2);

15 x = poly(0, ’ x ’ );
16 p1x = a1*x + a0;

17 disp(p1x , ’ The approx imat ing po lynomia l i s : ’ );
18 x = linspace (-5,8,1000);

19 p1x = a1*x + a0;

20 subplot (2,1,1);

21 plot(x,p1x);

22 plot(xi,yi, ’ o ’ );
23
24 wi = [1 1 1 1 1 1 1];

25 // R e p r e s e n t a t i o n o f e q u a t i o n i n matr ix form
26 W = [sum(wi) sum(wi.*xi); sum(wi.*xi) sum(wi.*xi.*xi

)];

27 Y = [sum(wi.*yi); sum(wi.*yi.*xi)];

28 A = inv(W)*Y;

29 a0 = A(1);

30 a1 = A(2);

31 x = poly(0, ’ x ’ );
32 p1x = a1*x + a0;

33 disp(p1x , ’ The approx imat ing po lynomia l i s : ’ )
34 x = linspace (-5,8,1000);

35 p1x = a1*x + a0;

36 subplot (2,1,2);

37 plot(x,p1x);

38 plot(xi,yi, ’ o ’ );
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Figure 5.1: Linear Least square aproximation method
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Scilab code Exa 5.14 Quadratic Least square aproximation method

1 // Quadrat i c Lea s t s qua r e aprox imat i on method
2 clc;

3 clear;

4 close();

5 xi = [-5 -3 1 3 4 6 8];

6 yi = [18 7 0 7 16 50 67];

7 wi = [1 1 1 1 20 1 1];

8 format( ’ v ’ ,7);
9 // R e p r e s e n t a t i o n o f e q u a t i o n i n matr ix form

10 W = [sum(wi) sum(wi.*xi) sum(wi.*xi.*xi); sum(wi.*xi

) sum(wi.*xi.*xi) sum(wi.*xi.*xi.*xi); sum(wi.*xi

.*xi) sum(wi.*xi.*xi.*xi) sum(wi.*xi.*xi.*xi.*xi)

];

11 Y = [sum(wi.*yi); sum(wi.*yi.*xi); sum(wi.*xi.*xi.*

yi)];

12 A = inv(W)*Y;

13 a0 = A(1);

14 a1 = A(2);

15 a2 = A(3);

16 x = poly(0, ’ x ’ );
17 p1x = a2*x^2 + a1*x + a0;

18 disp(p1x , ’ The approx imat ing po lynomia l i s : ’ );
19 x = linspace (-5,8,1000);

20 p1x = a2*x^2 + a1*x + a0;

21 plot(x,p1x);

22 plot(xi,yi, ’ o ’ );
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Figure 5.2: Quadratic Least square aproximation method
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Scilab code Exa 5.15 Least square aproximation method with exponen-
tial functions

1 // Leas t squa r e ap rox imat i on method with e x p o n e n t i a l
f u n c t i o n s

2 clc;

3 clear;

4 close();

5 xi = [0 0.25 0.4 0.5];

6 yi = [9.532 7.983 4.826 5.503];

7 wi = ones (1,4);

8 // data c o r r e s p o n d i n g to l i n e a r i s e d problem
9 Xi = [0 0.25 0.4 0.5];

10 Yi = [2.255 2.077 1.574 1.705];

11 wi = ones (1,4);

12 format( ’ v ’ ,6);
13 // R e p r e s e n t a t i o n o f e q u a t i o n i n matr ix form
14 W = [sum(wi) sum(wi.*xi); sum(wi.*xi) sum(wi.*xi.*xi

)];

15 Y = [sum(wi.*Yi); sum(wi.*Yi.*Xi)];

16 C = inv(W)*Y;

17 A = C(1);

18 B = C(2);

19 a = exp (2.281);

20 b = B;

21 disp(a, ’ a = ’ );
22 disp(b, ’ b = ’ );
23 // So the non l i n e a r system becomes
24 disp( ’ 9.532− a +7.983∗ exp ( 0 . 2 5 ∗ b )−a∗ exp ( 0 . 5 ∗ b ) +4.826∗

exp ( 0 . 4 ∗ b )−a∗ exp ( 0 . 8 ∗ b ) +5.503∗ exp ( 0 . 5 ∗ b )−a∗ exp ( b )
= 0 ’ );

25 disp( ’ 1 . 9 9 6∗ a∗ exp ( 0 . 2 5 ∗ b ) −0.25∗ a∗a∗ exp ( 0 . 5 ∗ b ) +1.930∗
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a∗ exp ( 0 . 4 ∗ b ) −0.4∗a∗a∗ exp ( 0 . 8 ∗ b ) +2.752∗ a∗ exp ( 0 . 5 ∗ b
) −0.5∗a∗a∗ exp ( b ) = 0 ’ );

26 // Apply ing Newtons Method we g e t
27 a = 9.731;

28 b = -1.265;

29 disp(a , ’ a = ’ );
30 disp(b , ’ b = ’ );

Scilab code Exa 5.16 Least square approximation to continuous functions

1 // Leas t squa r e approx imat i on to c o n t i n u o u s f u n c t i o n s
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 deff( ’ [ g ]= f ( x , y ) ’ , ’ g= −y ˆ2/(1+ x ) ’ );
8 disp( ’ approx imat i on o f e ˆx on [ 0 , 1 ] with a un i fo rm

we ight w( x )=1 ’ )
9 a11 = integrate( ’ 1 ’ , ’ x ’ ,0,1);

10 a12 = integrate( ’ x ’ , ’ x ’ ,0,1);
11 a13 = integrate( ’ x∗x ’ , ’ x ’ ,0,1);
12 a14 = integrate( ’ x ˆ3 ’ , ’ x ’ ,0,1);
13 a21 = integrate( ’ x ’ , ’ x ’ ,0,1);
14 a22 = integrate( ’ x ˆ2 ’ , ’ x ’ ,0,1);
15 a23 = integrate( ’ x ˆ3 ’ , ’ x ’ ,0,1);
16 a24 = integrate( ’ x ˆ4 ’ , ’ x ’ ,0,1);
17 a31 = integrate( ’ x ˆ2 ’ , ’ x ’ ,0,1);
18 a32 = integrate( ’ x ˆ3 ’ , ’ x ’ ,0,1);
19 a33 = integrate( ’ x ˆ4 ’ , ’ x ’ ,0,1);
20 a34 = integrate( ’ x ˆ5 ’ , ’ x ’ ,0,1);
21 a41 = integrate( ’ x ˆ3 ’ , ’ x ’ ,0,1);
22 a42 = integrate( ’ x ˆ4 ’ , ’ x ’ ,0,1);
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23 a43 = integrate( ’ x ˆ5 ’ , ’ x ’ ,0,1);
24 a44 = integrate( ’ x ˆ6 ’ , ’ x ’ ,0,1);
25
26 c1 = integrate( ’ exp ( x ) ’ , ’ x ’ ,0,1);
27 c2 = integrate( ’ x∗ exp ( x ) ’ , ’ x ’ ,0,1);
28 c3 = integrate( ’ x ˆ2∗ exp ( x ) ’ , ’ x ’ ,0,1);
29 c4 = integrate( ’ x ˆ3∗ exp ( x ) ’ , ’ x ’ ,0,1);
30
31 A = [a11 a12 a13 a14;a21 a22 a23 a24;a31 a32 a33 a34

;a41 a42 a43 a44];

32 C = [c1;c2;c3;c4];

33 ann = inv(A)*C;

34 disp(ann , ’ The c o e f f i c i e n t s a0 , a1 , a2 , a3 a r e
r e s p e c t i v e l y : ’ );

35
36 deff( ’ [ px ]=p3 ( x ) ’ , ’ px=ann ( 4 ) ∗xˆ3+ann ( 3 ) ∗xˆ2+ann ( 2 ) ∗x

+ann ( 1 ) ’ );
37 x = [0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0] ’;

38 e = exp(x);

39 p = p3(x);

40 err = e-p;

41 ann = [x e p err];

42
43 disp(ann , ’ D i s p l a y i n g the v a l u e o f x exp ( x ) p3 ( x ) exp

( x )−p3 ( x ) : ’ );
44 plot(x,err);

45 plot(x,0);

Scilab code Exa 5.17 Gram Schmidt process for finding orthogonal func-
tions

78



Figure 5.3: Least square approximation to continuous functions

1 //Gram − Schmidt p r o c e s s f o r f i n d i n g o r t h o g o n a l
f u n c t i o n s

2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7
8 disp( ’ The o r t h o g o n a l f u n c t i o n s : ’ )
9 x = poly(0, ’ x ’ );

10 ph0 = 1;

11
12 disp(ph0 , ’ ph i0 ( x ) = ’ );
13 K1_0 = -integrate( ’ x ’ , ’ x ’ ,0,1)/integrate( ’ ph0 ˆ2 ’ , ’ x ’

,0,1);

14 ph1 = x + K1_0*ph0;

15 disp(ph1 , ’ ph i1 ( x ) = ’ );
16
17 K2_0 = -integrate( ’ x ˆ2∗ph0 ’ , ’ x ’ ,0,1)/integrate( ’ ph0
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ˆ2 ’ , ’ x ’ ,0,1);
18 disp(K2_0 , ’K( 2 , 0 ) = ’ );
19 K2_1 = -integrate( ’ x ˆ2∗ ( x− .5) ’ , ’ x ’ ,0,1)/integrate( ’ (

x− .5) ˆ2 ’ , ’ x ’ ,0,1);
20 disp(K2_1 , ’K( 2 , 1 ) = ’ );
21 ph2 = x^2 + K2_0*ph0 + K2_1*ph1;

22 disp(ph2 , ’ ph i2 ( x ) = ’ );
23
24 K3_0 = -integrate( ’ x ˆ3∗ph0 ’ , ’ x ’ ,0,1)/integrate( ’ ph0

ˆ2 ’ , ’ x ’ ,0,1);
25 disp(K3_0 , ’K( 3 , 0 ) = ’ );
26 K3_1 = -integrate( ’ x ˆ3∗ ( x− .5) ’ , ’ x ’ ,0,1)/integrate( ’ (

x− .5) ˆ2 ’ , ’ x ’ ,0,1);
27 disp(K3_1 , ’K( 3 , 1 ) = ’ );
28 K3_2 = -integrate( ’ x ˆ3∗ ( xˆ2−x+1/6) ’ , ’ x ’ ,0,1)/

integrate( ’ ( xˆ2−x+1/6) ˆ2 ’ , ’ x ’ ,0,1);
29 disp(K3_2 , ’K( 3 , 2 ) = ’ );
30 ph3 = x^3 + K3_0*ph0 + K3_1*ph1 + K3_2*ph2;

31 disp(ph3 , ’ ph i3 ( x ) = ’ );

Scilab code Exa 5.18 Gram Schmidt process for cubic polynomial least
squares approx

1 //Gram − Schmidt p r o c e s s f o r c u b i c po lynomia l l e a s t
s q u a r e s approx

2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7
8 disp( ’ The o r t h o g o n a l f u n c t i o n s : ’ )
9 x = poly(0, ’ x ’ );
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10 ph0 = 1;

11
12 disp(ph0 , ’ ph i0 ( x ) = ’ );
13 K1_0 = -integrate( ’ x ’ , ’ x ’ ,0,1)/integrate( ’ ph0 ˆ2 ’ , ’ x ’

,0,1);

14 ph1 = x + K1_0*ph0;

15 disp(ph1 , ’ ph i1 ( x ) = ’ );
16
17 K2_0 = -integrate( ’ x ˆ2∗ph0 ’ , ’ x ’ ,0,1)/integrate( ’ ph0

ˆ2 ’ , ’ x ’ ,0,1);
18 disp(K2_0 , ’K( 2 , 0 ) = ’ );
19 K2_1 = -integrate( ’ x ˆ2∗ ( x− .5) ’ , ’ x ’ ,0,1)/integrate( ’ (

x− .5) ˆ2 ’ , ’ x ’ ,0,1);
20 disp(K2_1 , ’K( 2 , 1 ) = ’ );
21 ph2 = x^2 + K2_0*ph0 + K2_1*ph1;

22 disp(ph2 , ’ ph i2 ( x ) = ’ );
23
24 K3_0 = -integrate( ’ x ˆ3∗ph0 ’ , ’ x ’ ,0,1)/integrate( ’ ph0

ˆ2 ’ , ’ x ’ ,0,1);
25 disp(K3_0 , ’K( 3 , 0 ) = ’ );
26 K3_1 = -integrate( ’ x ˆ3∗ ( x− .5) ’ , ’ x ’ ,0,1)/integrate( ’ (

x− .5) ˆ2 ’ , ’ x ’ ,0,1);
27 disp(K3_1 , ’K( 3 , 1 ) = ’ );
28 K3_2 = -integrate( ’ x ˆ3∗ ( xˆ2−x+1/6) ’ , ’ x ’ ,0,1)/

integrate( ’ ( xˆ2−x+1/6) ˆ2 ’ , ’ x ’ ,0,1);
29 disp(K3_2 , ’K( 3 , 2 ) = ’ );
30 ph3 = x^3 + K3_0*ph0 + K3_1*ph1 + K3_2*ph2;

31 disp(ph3 , ’ ph i3 ( x ) = ’ );
32
33 deff( ’ [ y ]= f ( x ) ’ , ’ y= exp ( x ) ’ );
34 deff( ’ [ ph i0 ]= ph 0 ( x ) ’ , ’ ph i0= horne r ( ph0 , x ) ’ );
35 deff( ’ [ ph i1 ]= ph 1 ( x ) ’ , ’ ph i1= horne r ( ph1 , x ) ’ );
36 deff( ’ [ ph i2 ]= ph 2 ( x ) ’ , ’ ph i2= horne r ( ph2 , x ) ’ );
37 deff( ’ [ ph i3 ]= ph 3 ( x ) ’ , ’ ph i3= horne r ( ph3 , x ) ’ );
38 a0 = integrate( ’ f ( x ) ∗ ph 0 ( x ) ’ , ’ x ’ ,0,1)/integrate( ’

ph 0 ( x ) ˆ2 ’ , ’ x ’ ,0,1);
39 disp(a0, ’ a0 = ’ );
40 a1 = integrate( ’ f ( x ) ∗ ph 1 ( x ) ’ , ’ x ’ ,0,1)/integrate( ’

81



ph 1 ( x ) ˆ2 ’ , ’ x ’ ,0,1);
41 disp(a1, ’ a1 = ’ );
42 a2 = integrate( ’ f ( x ) ∗ ph 2 ( x ) ’ , ’ x ’ ,0,1)/integrate( ’

ph 2 ( x ) ˆ2 ’ , ’ x ’ ,0,1);
43 disp(a2, ’ a2 = ’ );
44 a3 = integrate( ’ f ( x ) ∗ ph 3 ( x ) ’ , ’ x ’ ,0,1)/integrate( ’

ph 3 ( x ) ˆ2 ’ , ’ x ’ ,0,1);
45 disp(a3, ’ a3 = ’ );
46
47 p3 = a0*ph0 + a1*ph1 + a2*ph2 +a3*ph3;

48 disp(p3 , ’ p3 ( x ) ’ );
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Chapter 6

Numerical Differntiation and
Integration

Scilab code Exa 6.1 Numerical Differentiation

1 // Numer ica l D i f f e r e n t i a t i o n
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp(−x ) ’ );
7
8 x0 = ones (:,8);

9 h = [1 .2 .1 .02 .01 .002 .001 .0002];

10 x1 = 1+h;

11 f0 = f(x0);

12 f1 = f(x1);

13 dif = (f1 -f0)./h;

14 max_trun_err = exp(-1).*h/2;

15 act_err = abs(- exp(-1)-dif);

16 answer = [h’ f0 ’ f1 ’ dif ’ max_trun_err ’ act_err ’];

17 disp(answer , ’ h f 0 f 1 f1
−f 0 /h heˆ−1 | Actua l Er ro r | ’ );

18 x = (0:.0002:3);
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Figure 6.1: Numerical Differentiation

19 plot(x,f(x));

Scilab code Exa 6.2 Numerical Differentiation

1 // Numer ica l D i f f e r e n t i a t i o n
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
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6 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp(−x ) ’ );
7 h = [1 .2 .1 .02 .01 .002 .001 .0002];

8 x0 = 1 - h;

9 x1 = ones (:,8);

10 x2 = 1+h;

11 f0 = f(x0);

12 f1 = f(x1);

13 f2 = f(x2);

14 dif = (f2 -f0)./(2*h);

15 max_trun_err = exp(h-1).*h^2/6;

16 act_err = abs(- exp(-1)-dif);

17 answer = [h’ f0 ’ f2 ’ dif ’ max_trun_err ’ act_err ’];

18 disp(answer , ’ h f 0 f 2 f2−
f 0 /2h hˆ2∗ exp ( h−1)/6 | Actua l Er ro r | ’ );

19 disp( ’ t r u n c a t i o n e r r o r does not exceed hˆ2∗ exp ( h−1)
/6 ’ )

20 x = (0:.0002:3);

21 plot(x,f(x));

Scilab code Exa 6.3 Numerical Integration

1 // Numer ica l I n t e g r a t i o n
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 funcprot (0);

7 deff( ’ [ y ]= f ( x ) ’ , ’ y=x∗ co s ( x ) ’ );
8
9 rec = %pi * f(0)/4;

10 disp(rec , ’ Re tangu la r Rule : ’ );
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Figure 6.2: Numerical Differentiation

11
12 trap = %pi*(f(0)+f(%pi/4))/8;

13 disp(trap , ’ T r a p e z o i d a l Rule : ’ );
14
15 sip = %pi*(f(0) +4*f(%pi/8)+f(%pi/4))/(3*8);

16 disp(sip , ’ Simpson ’ ’ s Rule : ’ );
17
18 sip38 = %pi *3*(f(0) +3*f(%pi /12) +3*f(%pi/6)+f(%pi/4))

/(12*8);

19 disp(sip38 , ’ Simpson ’ ’ s 3/8 Rule : ’ );
20
21 exact = integrate( ’ x∗ co s ( x ) ’ , ’ x ’ ,0,%pi /4);
22 disp(exact , ’ The e x a c t v a l u e o f i n t e r g a t i o n i s : ’ );
23 err = exact - rec;

24 err (2) = exact - trap;

25 err (3) = exact - sip;

26 err (4) = exact - sip38;

27 disp(err , ’ thus c o r r e s p o n d i n g e r r o r s a r e : ’ );
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Scilab code Exa 6.4 Numerical Integration

1 // Newton Cotes f o rmu la
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,9);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to PI /4 x∗ co s dx ’ );
8 disp( ’ based on open Newton−Cotes f o r m u l a s ’ );
9

10 deff( ’ [ y ]= f ( x ) ’ , ’ y=x∗ co s ( x ) ’ );
11
12 k = [0 1 2 3]

13
14 a = 0;

15 b = %pi/4;

16 h = (ones (:,4)*(b-a))./(k+2);

17 x0 = a+h;

18 xk = b-h;

19
20 k(1) = 2*h(1)*f(h(1));

21 disp(k(1), ’ k=0 ’ );
22
23 k(2) = 3*h(2)*(f(h(2))+f(2*h(2)))/2;

24 disp(k(2), ’ k=1 ’ );
25
26 k(3) = 4*h(3) *(2*f(h(3))-f(2*h(3))+2*f(3*h(3)))/3;

27 disp(k(3), ’ k=2 ’ );
28
29 k(4) = 5*h(4) *(11*f(h(4))+f(2*h(4))+f(3*h(4))+11*f

(4*h(4)))/24;
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30 disp(k(4), ’ k=3 ’ );
31
32 exact = integrate( ’ x∗ co s ( x ) ’ , ’ x ’ ,0,%pi /4);
33 disp(exact , ’ The e x a c t v a l u e o f i n t e r g a t i o n i s : ’ );
34 exact = ones (:,4)*exact;

35 err = exact -k;

36 disp(err ’, ’ thus c o r r e s p o n d i n g e r r o r s a r e : ’ );

Scilab code Exa 6.5 Trapezoidal Rule

1 // T r a p e z o i d a l Rule
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,10);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 e ˆx dx ’ );
8 disp( ’ based on t r a p e z o i d a l r u l e ’ );
9

10 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp ( x ) ’ );
11
12 n = [1 2 4 8];

13
14 a = 0;

15 b = 2;

16 h = (ones (:,4)*(b-a))./n;

17
18 t(1) = h(1)*(f(a)+f(b))/2;

19 disp(t(1), ’ n=1 ’ );
20
21 t(2) = h(2)*(f(a)+f(b)+2*f(h(2)))/2;

22 disp(t(2), ’ n=2 ’ );
23
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24 t(3) = h(3)*(f(a)+f(b)+2*(f(h(3))+f(2*h(3))+f(3*h(3)

)))/2;

25 disp(t(3), ’ n=4 ’ );
26
27 t(4) = h(4)*(f(a)+f(b)+2*(f(h(4))+f(2*h(4))+f(3*h(4)

)+f(4*h(4))+f(5*h(4))+f(6*h(4))+f(7*h(4))))/2;

28 disp(t(4), ’ n=8 ’ );
29
30 exact = integrate( ’ exp ( x ) ’ , ’ x ’ ,0,2);
31 disp(exact , ’ The e x a c t v a l u e o f i n t e r g a t i o n i s : ’ );
32 exact = ones (4)*exact;

33 err = exact -t;

34 disp(err , ’ thus c o r r e s p o n d i n g e r r o r s a r e : ’ );

Scilab code Exa 6.6 Simpson Rule

1 // Simpson Rule
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,10);
6 funcprot (0);

7
8 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp ( x ) ’ );
9

10 n = [1 2 4];

11
12 a = 0;

13 b = 2;

14 h = (ones (:,3)*(b-a))./(2*n);

15
16 s(1) = h(1)*(f(a)+f(b)+4*f(h(1)))/3;

17 disp(s(1), ’ n=1 ’ );
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18
19 s(2) = h(2)*(f(a)+f(b)+2*f(2*h(2))+4*(f(h(2))+f(3*h

(2))))/3;

20 disp(s(2), ’ n=2 ’ );
21
22 s(3) = h(3)*(f(a)+f(b)+2*(f(2*h(3))+f(4*h(3))+f(6*h

(3)))+4*(f(h(3))+f(3*h(3))+f(5*h(3))+f(7*h(3))))

/3;

23 disp(s(3), ’ n=4 ’ );
24
25 exact = integrate( ’ exp ( x ) ’ , ’ x ’ ,0,2);
26 disp(exact , ’ The e x a c t v a l u e o f i n t e r g a t i o n i s : ’ );
27 exact = ones (3)*exact;

28 err = exact -s;

29 disp(err , ’ thus c o r r e s p o n d i n g e r r o r s a r e : ’ );

Scilab code Exa 6.7 Rombergs Interpolation

1 //Romberg ’ s I n t e r p o l a t i o n
2 clc;

3 clear;

4 close();

5 exec( ’C: \ User s \Pragya \Desktop \ s c i l a b \ t r ap . s c i ’ , -1);

6 format( ’ v ’ ,10);
7 funcprot (0);

8 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp ( x ) ’ );
9 a = 0;

10 b = 2;

11
12 t(1,1)=trap(f,a,b,0,0);

13 disp(t(1,1), ’T( 0 , 0 ) : ’ );
14
15 t(2,1)=trap(f,a,b,1,0);

90



16 disp(t(2,1), ’T( 1 , 0 ) : ’ );
17
18 t(3,1)=trap(f,a,b,2,0);

19 disp(t(3,1), ’T( 2 , 0 ) : ’ );
20
21 t(4,1)=trap(f,a,b,3,0);

22 disp(t(4,1), ’T( 3 , 0 ) : ’ );
23
24 t(2,2)=trap(f,a,b,1,1);

25 disp(t(2,2), ’T( 1 , 1 ) : ’ );
26
27 t(3,2)=trap(f,a,b,2,1);

28 disp(t(3,2), ’T( 2 , 1 ) : ’ );
29
30 t(4,2)=trap(f,a,b,3,1);

31 disp(t(4,2), ’T( 3 , 1 ) : ’ );
32
33 t(3,3)=trap(f,a,b,2,2);

34 disp(t(3,3), ’T( 2 , 2 ) : ’ );
35
36 t(4,3)=trap(f,a,b,3,2);

37 disp(t(4,3), ’T( 3 , 2 ) : ’ );
38
39 t(4,4)=trap(f,a,b,3,3);

40 disp(t(4,4), ’T( 3 , 3 ) : ’ );
41
42 disp(t, ’ The c o r r e s p o n d i n g Romberg Table i s : ’ );

Scilab code Exa 6.8 Rombergs Method

1 //Romberg ’ s Method
2 clc;

3 clear;
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4 close();

5 exec( ’C: \ User s \Pragya \Desktop \ s c i l a b \ t r ap . s c i ’ , -1);

6 format( ’ v ’ ,10);
7 funcprot (0);

8 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp ( x ) ’ );
9 a = 0;

10 b = 2;

11
12 t(1,1)=trap(f,a,b,0,0);

13 disp(t(1,1), ’T( 0 , 0 ) : ’ );
14
15 t(2,1)=(t(1,1) +2*1*f(1))/2;

16 disp(t(2,1), ’T( 1 , 0 ) : ’ );
17
18 t(3,1)=(t(2,1)+f(1/2)+f(3/2))/2;

19 disp(t(3,1), ’T( 2 , 0 ) : ’ );
20
21 t(4,1)=(t(3,1) +.5*(f(1/4)+f(3/4)+f(5/4)+f(7/4)))/2;

22 disp(t(4,1), ’T( 3 , 0 ) : ’ );

Scilab code Exa 6.9 Simpsons Adaptive Quatrature

1 // Simpson ’ s Adapt ive Quat ra ture
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,10);
6 funcprot (0);

7 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp ( x ) ’ );
8 a = 0.5;

9 b = 1;

10 h = (b-a)/2;

11 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;
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12 disp(S1, ’ S1 : ’ );
13
14 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

15 disp(S2, ’ S2 : ’ );
16
17 err = abs(S2-S1)/15;

18 disp(err , ’An e s t i m a t e o f the e r r o r i n S2 i s : ’ );

19
20 act = integrate( ’ exp ( x ) ’ , ’ x ’ ,.5,1)
21 act_err = abs(act -S2);

22 disp(act_err , ’ The Actua l e r r o r i n S2 i s : ’ );

Scilab code Exa 6.10 Simpsons Adaptive Quatrature

1 // Simpson ’ s Adapt ive Quat ra ture
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 funcprot (0);

7 deff( ’ [ y ]= f ( x ) ’ , ’ y=exp (−3∗x ) ∗ s i n (3∗ x ) ’ );
8 e = 0.0005;

9 a = 0;

10 b = %pi;

11 h = (b-a)/2;

12
13 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

14 disp(S1, ’ S1 : ’ );
15 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

16 disp(S2, ’ S2 : ’ );
17

93



18 err = abs(S2-S1)/15;

19 disp(err , ’ | S2−S1 |>15 e so [ 0 . %pi ] must be s u b d i v i d e d
’ );

20
21 a = (a+b)/2;

22 h = (b-a)/2;

23 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

24 disp(S1, ’ S1 : ’ );
25 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

26 disp(S2, ’ S2 : ’ );
27 s = S2;

28 disp (abs(S2 -S1), ’ | S2−S1 |<15 e /2 ’ );
29
30 b = a;

31 a = 0;

32 h = (b-a)/2;

33
34 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

35 disp(S1, ’ S1 : ’ );
36 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

37 disp(S2, ’ S2 : ’ );
38
39 err = abs(S2-S1)/15;

40 disp(err , ’ | S2−S1 |>15 e so i n t e r v a l must be s u b d i v i d e d
’ );

41
42 a = (a+b)/2;

43 h = (b-a)/2;

44 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

45 disp(S1, ’ S1 : ’ );
46 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

47 disp(S2, ’ S2 : ’ );
48 s = s+S2;

49 disp (abs(S2 -S1), ’ | S2−S1 |<15 e /4 ’ );
50
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51 b = a;

52 a = 0;

53 h = (b-a)/2;

54
55 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

56 disp(S1, ’ S1 : ’ );
57 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

58 disp(S2, ’ S2 : ’ );
59
60 err = abs(S2-S1)/15;

61 disp(err , ’ | S2−S1 |>15 e so i n t e r v a l must be s u b d i v i d e d
’ );

62
63 a = (a+b)/2;

64 h = (b-a)/2;

65 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

66 disp(S1, ’ S1 : ’ );
67 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

68 disp(S2, ’ S2 : ’ );
69 s = s+S2;

70 disp (abs(S2 -S1), ’ | S2−S1 |<15 e /8 ’ );
71
72 b = a;

73 a = 0;

74 h = (b-a)/2;

75
76 S1 = h*(f(a)+4*f((a+b)/2)+f(b))/3;

77 disp(S1, ’ S1 : ’ );
78 S2 = h*(f(a)+4*f((3*a+b)/4)+2*f((a+b)/2)+4*f((a+3*b)

/4)+f(b))/6;

79 disp(S2, ’ S2 : ’ );
80 disp (abs(S2 -S1), ’ | S2−S1 |<15 e /8 ’ );
81 s = s+S2;

82 disp(s);
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Scilab code Exa 6.11 Gaussian Quadrature Rule

1 // Gauss ian Quadrature Rule
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,10);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 1 f ( x ) dx ’ );
8 b = 1;

9 a = 0;

10 x = poly(0, ’ x ’ );
11 p = x^2-x+1/6;

12 x1 = roots(p);

13 A = [1 1;x1 ’];

14 //X = [ c0 ; c1 ] ;
15 B = [(b-a);(b^2-a^2) /2];

16 X = inv(A)*B;

17 disp (X, ’ Are the c1 , c2 c o n s t a n t s : ’ );
18 disp (x1, ’ Are the c o r r e s p o n d i n g r o o t s ( x1 , x2 ) : ’ );
19 disp ( ’ c0 ∗ f ( x0 )+c1 ∗ f ( x1 ) ’ );

Scilab code Exa 6.12 Gaussian Quadrature Rule

1 // Gauss ian Quadrature Rule
2 clc;

3 clear;

4 close();
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5 format( ’ v ’ ,10);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ y ]= f ( t ) ’ , ’ y=exp ( t +1) ’ );
9 b = 1;

10 a = -1;

11 x = poly(0, ’ x ’ );
12 p = x^4 - 6*x^2/7+3/35;

13 x1 = roots(p);

14 A = [1 1 1 1;x1 ’;(x1.^2) ’;(x1.^3) ’];

15 B = [(b-a);(b^2-a^2) /2;(b^3-a^3) /3;(b^4-a^4) /4];

16 C = inv(A)*B;

17 I = C(1)*f(x1(1))+C(2)*f(x1(2))+C(3)*f(x1(3))+C(4)*f

(x1(4));

18 disp(I, ’ C a l c u l a t e d i n t e g r a t i o n : ’ );
19 exact = integrate( ’ exp ( x ) ’ , ’ x ’ ,0,2);
20 disp(exact , ’ The e x a c t v a l u e o f i n t e r g a t i o n i s : ’ );
21 err = exact - I ;

22 disp(err , ’ E r ro r : ’ );
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Chapter 7

Ordinary Differential Eqautions
Initial value problem

Scilab code Exa 7.1 Eulers Method

1 // Euler ’ s Method
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 deff( ’ [ g ]= f ( x , y ) ’ , ’ g= −y ˆ2/(1+ x ) ’ );
8 y = 1;

9 x = 0;

10 h = 0.05;

11 while x<0.2

12 y = y - 0.05*y^2/(1+x);

13 x = x + h;

14 disp(y,x, ’ Value o f y at x : ’ );
15 end

16 disp(y, ’ The c a l c u l a t e d v a l u e o f y ( 0 . 2 ) : ’ );
17 x = 0.2;

18 act = 1/(1+ log (1+x));

19 disp(act , ’ The e x a c t v a l u e i s o f y ( 0 . 2 ) : ’ );
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20 err = act - y;

21 disp(err , ’ The e r r o r i s : ’ );

Scilab code Exa 7.2 Eulers trapezoidal predictor corrector pair

1 // Euler ’ s t r a p e z o i d a l p r e d i c t o r−c o r r e c t o r p a i r
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 deff( ’ [ g ]= f ( x , y ) ’ , ’ g= −y ˆ2/(1+ x ) ’ );
8 y = 1;

9 x = 0;

10 h = 0.05;

11 i=0;

12 while x<0.2

13 y0 = y - 0.05*y^2/(1+x);

14 disp(y0, ’ The Y0 : ’ )
15 y1 = y - h*(y^2/(1+x)+y0 ^2/(1+x+h))/2;

16 disp(y1, ’ The Y1 : ’ )
17 y2 = y - h*(y^2/(1+x)+y1 ^2/(1+x+h))/2;

18 disp(y2, ’ The Y2 : ’ )
19 y = y2;

20 x = x + h;

21 end

22 disp(y2, ’ The c a l c u l a t e d v a l u e o f y ( 0 . 2 ) : ’ );
23 x = 0.2;

24 act = 1/(1+ log (1+x));

25 disp(act , ’ The e x a c t v a l u e i s o f y ( 0 . 2 ) : ’ );
26 err = act - y2;

27 disp(err , ’ The e r r o r i s : ’ );
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Scilab code Exa 7.3 Mid point formula

1 //Mid−p o i n t f o rmu la
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 deff( ’ [ g ]= f ( x , y ) ’ , ’ g= −y ˆ2/(1+ x ) ’ );
8 y0 = 1;

9 y1 = 0.95335;

10 x = 0.05;

11 h = 0.05;

12 i=0;

13 while x<0.2

14 y2 = y0 - 0.1*y1 ^2/(1+x);

15 disp(y2, ’ The Y : ’ )
16 y0 = y1;

17 y1 = y2;

18 x = x + h;

19 end

20 disp(y2, ’ The c a l c u l a t e d v a l u e o f y ( 0 . 2 ) : ’ );
21 x = 0.2;

22 act = 1/(1+ log (1+x));

23 disp(act , ’ The e x a c t v a l u e i s o f y ( 0 . 2 ) : ’ );
24 err = act - y2;

25 disp(err , ’ The e r r o r i s : ’ );
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Scilab code Exa 7.4 Illustraion of Taylor Series for approximation

1 // I l l u s t r a i o n o f Tay lor S e r i e s f o r approx imat i on
2 // I t needs symbo l i c t o o l b o x
3 clc;

4 clear;

5 close();

6 cd ~/ Desktop/maxima_symbolic;

7 exec symbolic.sce

8 y0 = 1;

9 x0 = 0;

10 y1_0 = -y0 ^2/(1+ x0);

11 y2_0 = (2*y0^3+y0^2) /((1+x0)^2);

12 y3_0 = -(6*y0^4 + 6*y0^3 + 2*y0^2) /((1+x0)^3);

13 // s i m i l a r l y
14 y4_0 = 88;

15 y5_0 = -694;

16 y6_0 = 6578;

17 y7_0 = -72792;

18 syms r h;

19 format( ’ v ’ ,10);
20 yxr = 1 - r*h + (y2_0*(r*h)^2)/factorial (2) - (y3_0

*(r*h)^3)/factorial (3) + (y4_0*(r*h)^4)/factorial

(4) - (y5_0*(r*h)^5)/factorial (5) +(y6_0*(r*h)^6)

/factorial (6) - (y7_0*(r*h)^7)/factorial (7);

21 yxr_5d = 1 - r*h + (y2_0*(r*h)^2)/factorial (2) + (

y3_0*(r*h)^3)/factorial (3) + (y4_0*(r*h)^4)/

factorial (4);

22 h = 0.05;

23 r = 1;

24 yx1 = eval(yxr_5d);

25 format( ’ v ’ ,8);
26 disp(dbl(yx1), ’ Value when r = 1 : ’ );
27
28 syms r h;

29 format( ’ v ’ ,10);
30 yxr = 1 - r*h + (y2_0*(r*h)^2)/factorial (2) - (y3_0

*(r*h)^3)/factorial (3) + (y4_0*(r*h)^4)/factorial
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(4) - (y5_0*(r*h)^5)/factorial (5) +(y6_0*(r*h)^6)

/factorial (6) - (y7_0*(r*h)^7)/factorial (7);

31 yxr_5d = 1 - r*h + (y2_0*(r*h)^2)/factorial (2) + (

y3_0*(r*h)^3)/factorial (3) + (y4_0*(r*h)^4)/

factorial (4) + (y5_0*(r*h)^5)/factorial (5) ;

32 h = 0.05;

33 r = 2;

34 yx1 = eval(yxr_5d);

35 format( ’ v ’ ,8);
36 disp(dbl(yx1), ’ Value when r = 2 : ’ )

Scilab code Exa 7.5 3 Step Adams Bashforth and 2 step Adam Moulton
formula

1 // 3−Step Adams − Bash f o r th and 2− s t e p Adam−Moulton
fo rmu la

2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ yd ]= f ( x , y ) ’ , ’ yd = −y ˆ2/(1+ x ) ’ );
9

10 y0 = 1;

11 x0 = 0;

12 h = 0.05;

13 x1 = x0+h;

14 x2 = x1+h;

15 y2 = 0.91298;

16 y1 = 0.95348;

17 for i = 1:2

18 yn = y2 + h*(23*f(x2,y2) -16*f(x1,y1)+5*f(x0,y0))
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/12;

19 disp(yn, ’ yn ( 0 ) = ’ );
20 yn_i = yn;

21 yn_i = y2 + h*(5*f(x2+h,yn_i)+8*f(x2,y2)-f(x1,y1

))/12;

22 disp(yn_i , ’ yn ( i ) ’ );
23 yn_i = y2 + h*(5*f(x2+h,yn_i)+8*f(x2,y2)-f(x1,y1

))/12;

24 disp(yn_i , ’ yn ( i ) ’ );
25 y0 = y1;y1 = y2;y2 = yn_i;

26 x0 = x1;x1 = x2;x2 = x2+h;

27 end

28 x = 0.2 ;

29 act = 1/(1+ log (1+x));

30 disp(act , ’ The e x a c t v a l u e i s o f y ( 0 . 2 ) : ’ );
31 err = act - y2;

32 disp(err , ’ The e r r o r i s : ’ );

Scilab code Exa 7.10 Runge Kutta Methods

1 // Runge− Kutta Methods
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ t ]= f ( x , y ) ’ , ’ t=−y ˆ2/(1+ x ) ’ );
9 yn = 1;

10 xn = 0;

11 h = 0.05;

12 for i = 1:4

13 k1 = f(xn,yn);
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14 k2 = f(xn +0.5*h,yn+.5*h*k1);

15 k3 = f(xn +0.5*h,yn+.5*h*k2);

16 k4 = f(xn+h,yn+h*k3);

17 yn_1 = yn + h*(k1+2*k2+2*k3+k4)/6;

18 n = i-1;

19 ann(:,i) = [n k1 k2 k3 k4 yn_1]’;

20 yn = yn_1;

21 xn = xn+h;

22 end

23
24 disp(ann , ’ C a l c u l a t e d i n t e g r a t i o n : ’ );

Scilab code Exa 7.11 Eulers Methods

1 // Euler ’ s Methods
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ ud ]= f ( u , v ) ’ , ’ ud=uˆ2−2∗u∗v ’ );
9 deff( ’ [ vd ]=g ( x , u , v ) ’ , ’ vd=u∗x+uˆ2∗ s i n ( v ) ’ );

10 un = 1;

11 vn = -1;

12 xn = 0;

13 h = 0.05;

14 for i = 1:2

15 un_1 = un + h*(f(un ,vn));

16 disp(un_1);

17 vn_1 = vn + h*(g(xn ,un,vn));

18 disp(vn_1);

19 vn = vn_1;

104



20 un = un_1;

21 xn = xn + h;

22 end

23 ann = [un vn];

24 disp(ann , ’ C a l c u l a t e d U2 n V2 v a l u e s : ’ );

Scilab code Exa 7.12 Eulers trapezoidal predictor corrector pair

1 // Euler ’ s t r a p e z o i d a l p r e d i c t o r−c o r r e c t o r p a i r
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ ud ]= f ( u , v ) ’ , ’ ud=uˆ2−2∗u∗v ’ );
9 deff( ’ [ vd ]=g ( x , u , v ) ’ , ’ vd=u∗x+uˆ2∗ s i n ( v ) ’ );

10 un = 1;

11 vn = -1;

12 xn = 0;

13 h = 0.05;

14 for i = 1:2

15 un_1p = un + h*(f(un,vn));

16 disp(un_1p);

17 vn_1p = vn + h*(g(xn,un,vn));

18 disp(vn_1p);

19 un_1c = un + h*(f(un,vn)+f(un_1p ,vn_1p))/2;

20 disp(un_1c);

21 vn_1c = vn + h*(g(xn,un,vn)+g(xn+h,un_1p ,vn_1p))

/2;

22 disp(vn_1c);

23 un_1cc = un + h*(f(un ,vn)+f(un_1c ,vn_1c))/2;

24 disp(un_1cc);
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25 vn_1cc = vn + h*(g(xn ,un,vn)+g(xn+h,un_1c ,vn_1c)

)/2;

26 disp(vn_1cc);

27 vn = vn_1cc;

28 un = un_1cc;

29 xn = xn + h;

30 end

31 ann = [un vn];

32 disp(ann , ’ C a l c u l a t e d U2 n V2 v a l u e s : ’ );

Scilab code Exa 7.13 4 Stage Runge Kutta method

1 // 4−Stage Runge−Kutta method
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,8);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ ud ]= f ( u , v ) ’ , ’ ud=uˆ2−2∗u∗v ’ );
9 deff( ’ [ vd ]=g ( x , u , v ) ’ , ’ vd=u∗x+uˆ2∗ s i n ( v ) ’ );

10 un = 1;

11 vn = -1;

12 xn = 0;

13 h = 0.05;

14 for i = 1:2

15 k1 = f(un,vn);

16 disp(k1);

17 l1 = g(xn,un,vn);

18 disp(l1);

19 k2 = f(un+.5*h*k1,vn+.5*h*l1) ;

20 disp(k2);

21 l2 = g(xn+.5*h,un+.5*h*k1 ,vn+.5*h*l1) ;
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22 disp(l2);

23 k3 = f(un+.5*h*k2,vn+.5*h*l2) ;

24 disp(k3);

25 l3 = g(xn+.5*h,un+.5*h*k2 ,vn+.5*h*l2) ;

26 disp(l3);

27 k4 = f(un+h*k3 ,vn+h*l3);

28 disp(k4);

29 l4 = g(xn+h,un+h*k3,vn+h*l3);

30 disp(l4);

31 un_1 = un + h*(k1+2*k2+2*k3+k4)/6;

32 disp(un_1 , ’ u ( n+1) : ’ );
33 vn_1 = vn + h*(l1+2*l2+2*l3+l4)/6;

34 disp(vn_1 , ’ v ( n+1) : ’ );
35 un = un_1;

36 vn = vn_1;

37 xn = xn +h;

38 end

39 ann = [un vn];

40 disp(ann , ’ C a l c u l a t e d U2 n V2 v a l u e s : ’ );
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Chapter 8

Ordinary Differential Eqautions
boundary value problem

Scilab code Exa 8.1 The finite difference method

1 //The f i n i t e d i f f e r e n c e method
2 clc;

3 clear;

4 close();

5 format( ’ v ’ ,7);
6 funcprot (0);

7 disp( ’ I n t e g r a l 0 to 2 exp ( x ) dx ’ );
8 deff( ’ [ pp ]=p ( x ) ’ , ’ pp=x ’ );
9 deff( ’ [ qq ]=q ( x ) ’ , ’ qq=−3 ’ );

10 deff( ’ [ r r ]= r ( x ) ’ , ’ r r=exp ( x ) ’ );
11 y0 = 1;

12 yn = 2;

13 x = [.2 .4 .6 .8 1];

14 h = 0.2;

15 A = [-2-h^2*q(x(1)) 1-h*p(x(1))/2 0 0;1+h*p(x(2))/2

-2-h^2*q(x(2)) 1-h*p(x(2))/2 0;0 1+h*p(x(3))/2

-2-h^2*q(x(3)) 1-h*p(x(3))/2;0 0 1+h*p(x(4))/2

-2-h^2*q(x(4))];

16 disp(A, ’A ’ );
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17 c = [h^2*r(x(1)) -(1+h*p(x(1))/2)*y0;h^2*r(x(2));h^2*

r(x(3));h^2*r(x(4)) -(1-h*p(x(4))/2)*yn];

18 Y = inv(A)*c;

19 disp(Y’, ’ The r e s p e c t i v e v a l u e s o f y1 , y2 , y3 , y4 : ’ );
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