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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

Linear Equations

Scilab code Exa 1.5 Elementary Row Operations

1 // page 8
2 // Example 1 . 5
3 clear;

4 close;

5 clc;

6 a = [2 -1 3 2; 1 4 0 -1; 2 6 -1 5];

7 disp(a, ’ a= ’ );
8 disp( ’ Apply ing row t r a n s f o r m a t i o n s : ’ );
9 disp( ’R1 = R1−2∗R2 ’ );
10 a(1,:) = a(1,:) - 2*a(2,:);

11 disp(a, ’ a = ’ );
12 disp( ’R3 = R3−2∗R2 ’ );
13 a(3,:) = a(3,:) - 2*a(2,:);

14 disp(a, ’ a = ’ );
15 disp( ’R3 = R3/−2 ’ );
16 a(3,:) = -1/2*a(3,:);

17 disp(a, ’ a = ’ );
18 disp( ’R2 = R2−4∗R3 ’ );
19 a(2,:) = a(2,:) - 4*a(3,:);

20 disp(a, ’ a = ’ );
21 disp( ’R1 = R1+9∗R3 ’ );
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22 a(1,:) = a(1,:) + 9*a(3,:);

23 disp(a, ’ a = ’ );
24 disp( ’R1 = R1∗2/15 ’ );
25 a(1,:) = a(1,:) * 2/15;

26 disp(a, ’ a = ’ );
27 disp( ’R2 = R2+2∗R1 ’ );
28 a(2,:) = a(2,:) + 2*a(1,:);

29 disp(a, ’ a = ’ );
30 disp( ’R3 = R3−R1/2 ’ );
31 a(3,:) = a(3,:) - 1/2*a(1,:);

32 disp(a, ’ a = ’ );
33 disp( ’We g e t the system o f e q u a t i o n s as : ’ );
34 disp( ’ 2∗ x1 − x2 + 3∗ x3 + 2∗ x4 = 0 ’ );
35 disp( ’ x1 + 4∗ x2 − x4 = 0 ’ );
36 disp( ’ 2∗ x1 + 6∗ x2 − x3 + 5∗ x4 = 0 ’ );
37 disp( ’ and ’ );
38 disp( ’ x2 − 5/3∗ x4 = 0 ’ , ’ x1 + 17/3∗ x4 = 0 ’ , ’ x3 −

11/3∗ x4 = 0 ’ );
39 disp( ’ now by a s s i g n i n g any r a t i o n a l v a l u e c to x4 i n

system second , the s o l u t i o n i s e v a l u a t e d as : ’ );
40 disp( ’ (−17/3∗ c , 5 / 3 , 1 1 / 3∗ c , c ) ’ );
41 // end

Scilab code Exa 1.6 Elementary Row Operations

1 // page 9
2 // Example 1 . 6
3 clear;

4 close;

5 clc;

6 a=[-1 %i;-%i 3;1 2];

7 disp(a, ’ a = ’ );
8 disp( ’ Apply ing row t r a n s f o r m a t i o n s : ’ );
9 disp( ’R1 = R1+R3 and R2 = R2 + i ∗R3 ’ );

10 a(1,:) = a(1,:) +a(3,:);
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11 a(2,:) = a(2,:) + %i * a(3,:);

12 disp(a, ’ a = ’ );
13 disp( ’R1 = R1 ∗ (1/2+ i ) ’ );
14 a(1,:) = 1/(2 + %i) * a(1,:);

15 disp(a, ’ a = ’ );
16 disp( ’R2 = R2−R1∗(3+2 i ) and R3 = R3 − 2 ∗R1 ’ );
17 a(2,:) = round(a(2,:) - (3 + 2 * %i) * a(1,:));

18 a(3,:) = round(a(3,:) - 2 * a(1,:));

19 disp(a, ’ a = ’ );
20 disp( ’ Thus the system o f e q u a t i o n s i s : ’ );
21 disp( ’ x1 + 2∗ x2 = 0 ’ , ’− i ∗x1 + 3∗ x2 = 0 ’ , ’−x1+i ∗x2 =

0 ’ );
22 disp( ’ I t has on ly t r i v i a l s o l u t i o n x1 = x2 = 0 ’ );
23 // end

Scilab code Exa 1.7 Row reduced echelon Matrix

1 // page 9
2 // Example 1 . 7
3 clear;

4 close;

5 clc;

6 n = rand();

7 n = round(n*10);

8 disp(eye(n,n));

9 printf( ’ This i s an I d e n t i t y matr ix o f o r d e r %d ∗ %d ’
,n,n);

10 disp( ’And I t i s a row reduced matr ix . ’ );
11 // end

Scilab code Exa 1.8 Row reduced echelon Matrix

1 // page 12
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2 // Example 1 . 8
3 clear;

4 close;

5 clc;

6 n = rand();

7 n = round(n*10);

8 disp(eye(n,n));

9 printf( ’ This i s an I d e n t i t y matr ix o f o r d e r %d ∗ %d ’
,n,n);

10 disp( ’And I t i s a row reduced matr ix . ’ );
11 m = rand();

12 n = rand();

13 m = round(m*10);

14 n = round(n*10);

15 disp(zeros(m,n));

16 printf( ’ This i s an Zero matr ix o f o r d e r %d ∗ %d ’ ,m,n
);

17 disp( ’And I t i s a l s o a row reduced matr ix . ’ );
18 a = [0 1 -3 0 1/2;0 0 0 1 2;0 0 0 0 0];

19 disp(a, ’ a = ’ );
20 disp( ’ This i s a non− t r i v i a l row reduced matr ix . ’ );
21 // end

Scilab code Exa 1.9 System of Equations

1 // page 14
2 // Example 1 . 9
3 clear;

4 close;

5 clc;

6 A = [1 -2 1;2 1 1;0 5 -1];

7 disp(A, ’A = ’ );
8 disp( ’ Apply ing row t r a n s f o r m a t i o n s : ’ );
9 disp( ’R2 = R2 − 2∗R1 ’ );

10 A(2,:) = A(2,:) - 2*A(1,:);
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11 disp(A, ’A = ’ );
12 disp( ’R3 = R3 − R2 ’ );
13 A(3,:) = A(3,:) - A(2,:);

14 disp(A, ’A = ’ );
15 disp( ’R2 = 1/5∗R2 ’ );
16 A(2,:) = 1/5*A(2,:);

17 disp(A, ’A = ’ );
18 disp( ’R1 = R1 − 2∗R2 ’ );
19 A(1,:) = A(1,:) + 2*A(2,:);

20 disp(A, ’A = ’ );
21 disp( ’ The c o n d i t i o n tha t the system have a s o l u t i o n

i s : ’ );
22 disp( ’ 2∗ y1 − y2 + y3 = 0 ’ );
23 disp( ’ where , y1 , y2 , y3 a r e some s c a l a r s ’ );
24 disp( ’ I f the c o n d i t i o n i s s a t i s f i e d then s o l u t i o n s

a r e o b t a i n e d by a s s i g n i n g a v a l u e c to x3 ’ );
25 disp( ’ S o l u t i o n s a r e : ’ );
26 disp( ’ x2 = 1/5∗ c + 1/5∗ ( y2 − 2∗ y1 ) ’ , ’ x1 = −3/5∗ c +

1/5∗ ( y1 + 2∗ y2 ) ’ );
27 // end

Scilab code Exa 1.10 Product of Matrices

1 // page 17
2 // Example 1 . 1 0
3 clear;

4 close;

5 clc;

6 // Part a
7 a = [1 0;-3 1];

8 b = [5 -1 2;15 4 8];

9 disp(a, ’ a= ’ );
10 disp(b, ’ b= ’ );
11 disp(a*b, ’ ab = ’ );
12 disp( ’
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

13 // Part b
14 a = [1 0;-2 3;5 4;0 1];

15 b = [0 6 1;3 8 -2];

16 disp(a, ’ a= ’ );
17 disp(b, ’ b= ’ );
18 disp(a*b, ’ ab = ’ );
19 disp( ’

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

20 // Part c
21 a = [2 1;5 4];

22 b = [1;6];

23 disp(a, ’ a= ’ );
24 disp(b, ’ b= ’ );
25 disp(a*b, ’ ab = ’ );
26 disp( ’

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

27 // Part d
28 a = [ -1;3];

29 b = [2 4];

30 disp(a, ’ a= ’ );
31 disp(b, ’ b= ’ );
32 disp(a*b, ’ ab = ’ );
33 disp( ’

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

34 // Part e
35 a = [2 4];

36 b = [ -1;3];

37 disp(a, ’ a= ’ );
38 disp(b, ’ b= ’ );
39 disp(a*b, ’ ab = ’ );
40 disp( ’

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );
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41 // Part f
42 a = [0 1 0;0 0 0;0 0 0];

43 b = [1 -5 2;2 3 4;9 -1 3];

44 disp(a, ’ a= ’ );
45 disp(b, ’ b= ’ );
46 disp(a*b, ’ ab = ’ );
47 disp( ’

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

48 // Part g
49 a = [1 -5 2;2 3 4;9 -1 3];

50 b = [0 1 0;0 0 0;0 0 0];

51 disp(a, ’ a= ’ );
52 disp(b, ’ b= ’ );
53 disp(a*b, ’ ab = ’ );
54 // end

Scilab code Exa 1.14 Inverse of a matrix

1 // page 22
2 // Example 1 . 1 4
3 clear;

4 close;

5 clc;

6 a = [0 1;1 0];

7 disp(a, ’ a = ’ );
8 disp(inv(a), ’ i n v e r s e a = ’ );
9 // end

Scilab code Exa 1.15 Inverse of a matrix

1 // page 25
2 // Example 1 . 1 5
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3 clear;

4 close;

5 clc;

6 a = [2 -1;1 3];

7 disp(a, ’ a = ’ );
8 b = a; // Temporary v a r i a b l e to s t o r e a
9 disp( ’ Apply ing row t r a n f o r m a t i o n s ’ );

10 disp( ’ I n t e r c h a n g e R1 and R2 ’ );
11 x = a(1,:);

12 a(1,:) = a(2,:);

13 a(2,:) = x;

14 disp(a, ’ a = ’ );
15 disp( ’R2 = R2 − 2 ∗ R1 ’ );
16 a(2,:) = a(2,:) - 2 * a(1,:);

17 disp(a, ’ a = ’ );
18 disp( ’R2 = R2 ∗1/(−7) ’ );
19 a(2,:) = (-1/7) * a(2,:);

20 disp(a, ’ a = ’ );
21 disp( ’R1 = R1 − 3 ∗ R2 ’ );
22 a(1,:) = a(1,:) - 3 * a(2,:);

23 disp(a, ’ a = ’ );
24 disp( ’ S i n c e a has become an i d e n t i t y matr ix . So , a

i s i n v e r t i b l e ’ );
25 disp( ’ i n v e r s e o f a = ’ );
26 disp(inv(b)); // a was s t o r e d i n b
27 // end

Scilab code Exa 1.16 Inverse of a matrix

1 // page 25
2 // Example 1 . 1 6
3 clear;

4 close;

5 clc;

6 a = [1 1/2 1/3;1/2 1/3 1/4;1/3 1/4 1/5];
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7 disp(a, ’ a = ’ );
8 b = eye(3,3);

9 disp(b, ’ b = ’ );
10 disp( ’ Apply ing row t r a n s f o r m a t i o n s on a and b

s i m u l t a n e o u s l y , ’ );
11 disp( ’R2 = R2 − 1/2 ∗ R1 and R3 = R3 − 1/3∗R1 ’ );
12 a(2,:) = a(2,:) - 1/2 * a(1,:);

13 a(3,:) = a(3,:) - 1/3 * a(1,:);

14 b(2,:) = b(2,:) - 1/2 * b(1,:);

15 b(3,:) = b(3,:) - 1/3 * b(1,:);

16 disp(a, ’ a = ’ );
17 disp(b, ’ b = ’ );
18 disp( ’R3 = R3 − R2 ’ );
19 a(3,:) = a(3,:) - a(2,:);

20 b(3,:) = b(3,:) - b(2,:);

21 disp(a, ’ a = ’ );
22 disp(b, ’ b = ’ );
23 disp( ’R2 = R2 ∗ 12 and R3 = R3 ∗ 180 ’ );
24 a(2,:) = a(2,:) *12;

25 a(3,:) = a(3,:) * 180;

26 b(2,:) = b(2,:) * 12;

27 b(3,:) = b(3,:) * 180;

28 disp(a, ’ a = ’ );
29 disp(b, ’ b = ’ );
30 disp( ’R2 = R2 − R3 and R1 = R1 − 1/3∗R3 ’ );
31 a(2,:) = a(2,:) - a(3,:);

32 a(1,:) = a(1,:) - 1/3 * a(3,:);

33 b(2,:) = b(2,:) - b(3,:);

34 b(1,:) = b(1,:) - 1/3 * b(3,:);

35 disp(a, ’ a = ’ );
36 disp(b, ’ b = ’ );
37 disp( ’R1 = R1 − 1/2 ∗ R2 ’ );
38 a(1,:) = a(1,:) - 1/2 * a(2,:);

39 b(1,:) = b(1,:) - 1/2 * b(2,:);

40 disp(round(a), ’ a = ’ );
41 disp(b, ’ b = ’ );
42 disp( ’ S ince , a = i d e n t i t y matr ix o f o r d e r 3∗3 . So , b

i s i n v e r s e o f a ’ );
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43 disp(b, ’ i n v e r s e ( a ) = ’ );
44 // end
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Chapter 2

Vector Spaces

Scilab code Exa 2.8 Vector Subspace

1 // page 37
2 // Example 2 . 8
3 clear;

4 clc;

5 close;

6 a1 = [1 2 0 3 0];

7 a2 =[0 0 1 4 0];

8 a3 = [0 0 0 0 1];

9 disp(a1, ’ a1 = ’ );
10 disp(a2, ’ a2 = ’ );
11 disp(a3, ’ a3 = ’ );
12 disp( ’By theorem 3 , v e c t o r a i s i n subspace W o f Fˆ5

spanned by a1 , a2 , a3 ’ );
13 disp( ’ i f and on ly i f t h e r e e x i s t s c a l a r s c1 , c2 , c3

such tha t ’ );
14 disp( ’ a= c1a1 + c2a2 + c3a3 ’ );
15 disp( ’ So , a = ( c1 , 2∗ c1 , c2 , 3 c1+4c2 , c3 ) ’ );
16 c1 = -3;

17 c2 = 1;

18 c3 = 2;

19 a = c1*a1 + c2*a2 + c3*a3;
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20 disp(c1, ’ c1 = ’ );
21 disp(c2, ’ c2 = ’ );
22 disp(c3, ’ c3 = ’ );
23 disp(a, ’ The r e f o r e , a = ’ );
24 disp( ’ This shows , a i s i n W’ );
25 disp( ’And ( 2 , 4 , 6 , 7 , 8 ) i s not i n W as t h e r e i s no

v a l u e o f c1 c2 c3 tha t s a t i s f i e s the e q u a t i o n ’ );
26 // end

Scilab code Exa 2.10 Row space of matrix

1 // page 38
2 // Example 2 . 1 0
3 clear;

4 clc;

5 close;

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

7 disp(A, ’A = ’ );
8 disp( ’ The subspace o f Fˆ5 spanned by a1 a2 a3 ( row

v e c t o r s o f A) i s c a l l e d row space o f A. ’ );
9 a1 = A(1,:);

10 a2 = A(2,:);

11 a3 = A(3,:);

12 disp(a1, ’ a1 = ’ );
13 disp(a2, ’ a2 = ’ );
14 disp(a3, ’ a3 = ’ );
15 disp( ’And , i t i s a l s o the row space o f B . ’ );
16 B = [1 2 0 3 0;0 0 1 4 0;0 0 0 0 1;-4 -8 1 -8 0];

17 disp(B, ’B = ’ );
18 // end

Scilab code Exa 2.11 Space of polynomial function
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1 // page 39
2 // Example 2 . 1 1
3 clear;

4 clc;

5 close;

6 disp( ’V i s the space o f a l l po l ynomia l f u n c t i o n s
ove r F . ’ );

7 disp( ’ S c o n t a i n s the f u n c t i o n s as : ’ )
8 x = poly(0,”x”);
9 n = round(rand()*10);

10 disp(n, ’ n = ’ );
11 for i = 0 : n

12 f = x^i;

13 printf( ’ f%d ( x ) = ’ ,i);
14 disp(f);

15 end

16 disp( ’ Then , V i s the subspace spanned by s e t S . ’ );
17 // end

Scilab code Exa 2.12 Linear Dependency

1 // page 41
2 // Example 2 . 1 2
3 clear;

4 clc;

5 close;

6 a1 = [3 0 -3];

7 a2 = [-1 1 2];

8 a3 = [4 2 -2];

9 a4 = [2 1 1];

10 disp(a1, ’ a1 = ’ );
11 disp(a2, ’ a2 = ’ );
12 disp(a3, ’ a3 = ’ );
13 disp(a4, ’ a4 = ’ );
14 t = 2 * a1 + 2 * a2 - a3 + 0 * a4;

18



15 disp( ’ = 0 ’ ,t, ’ S ince , 2 ∗ a1 + 2 ∗ a2 − a3 + 0 ∗ a4
= ’ );

16 disp( ’ a1 , a2 , a3 , a4 a r e l i n e a r l y independent ’ );
17 e1 = [1 0 0];

18 e2 = [0 1 0];

19 e3 = [0 0 1];

20 disp(e1, ’Now , e1 = ’ );
21 disp(e2, ’ e2 = ’ );
22 disp(e3, ’ e3 = ’ );
23 disp( ’ Also , e1 , e2 , e3 a r e l i n e a r l y independent . ’ );
24 // end

Scilab code Exa 2.13 Standard basis of Matrix

1 // page 41
2 // Example 2 . 1 3
3 clear;

4 clc;

5 close;

6 disp( ’ S i s the s u b s e t o f Fˆn c o n s i s t i n g o f n v e c t o r s
. ’ );

7 n = round(rand() *10 + 1);

8 disp(n, ’ n = ’ );
9 I = eye(n,n);

10 for i = 0 : n-1

11 e = I(i+1,:);

12 printf( ’ e%d = ’ ,i+1);
13 disp(e);

14 end

15 disp( ’ x1 , x2 , x3 . . . xn a r e the s c a l a r s i n F ’ );
16 disp( ’ Put t ing a = x1∗ e1 + x2∗ e2 + x3∗ e3 + . . . . + xn∗

en ’ );
17 disp( ’ So , a = ( x1 , x2 , x3 , . . . , xn ) ’ );
18 disp( ’ The r e f o r e , e1 , e2 . . , en span Fˆn ’ );
19 disp( ’ a = 0 i f x1 = x2 = x3 = . . = xn = 0 ’ );
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20 disp( ’ So , e1 , e2 , e3 , . . , en a r e l i n e a r l y independent . ’ );
21 disp( ’ The s e t S = { e1 , e2 , . . , en} i s c a l l e d s tandard

b a s i s o f Fˆn ’ );
22 // end

Scilab code Exa 2.20 Inverse of a matrix

1 // page 54
2 // Example 2 . 2 0
3 clear;

4 clc;

5 close;

6 P = [-1 4 5; 0 2 -3; 0 0 8];

7 disp(P, ’P = ’ );
8 disp(inv(P), ’ i n v e r s e (P) = ’ );
9 a1 = P(:,1);

10 a2 = P(:,2);

11 a3 = P(:,3);

12 disp( ’ The v e c t o r s f o rming b a s i s o f Fˆ3 a r e a1 ’ ’ , a2 ’
’ , a3 ’ ’ ’ );

13 disp(a1’, ’ a1 ’ ’ = ’ );
14 disp(a2’, ’ a2 ’ ’ = ’ );
15 disp(a3’, ’ a3 ’ ’ = ’ );
16 disp( ’ The c o o r d i n a t e s x1 ’ ’ , x2 ’ ’ , x3 ’ ’ o f v e c t o r a = [

x1 , x2 , x3 ] i s g i v e n by i n v e r s e (P) ∗ [ x1 ; x2 ; x3 ] ’ );
17 t = -10*a1 - 1/2*a2 - a3;

18 disp(t, ’And , −10∗a1 ’ ’ − 1/2∗ a2 ’ ’ − a3 ’ ’ = ’ );
19 // end

Scilab code Exa 2.21 Standard basis of matrix

1 // page 60
2 // Example 2 . 2 1

20



3 clear;

4 clc;

5 close;

6 a1 = [1 2 2 1];

7 a2 = [0 2 0 1];

8 a3 = [-2 0 -4 3];

9 disp( ’ Given row v e c t o r s a r e : ’ );
10 disp(a1, ’ a1 = ’ );
11 disp(a2, ’ a2 = ’ );
12 disp(a3, ’ a3 = ’ );
13 disp( ’ The matr ix A from t h e s e v e c t o r s w i l l be : ’ );
14 A = [a1; a2; a3];

15 disp(A, ’A = ’ );
16 disp( ’ F ind ing Row reduced e c h e l o n matr ix o f A tha t

i s g i v e n by R ’ );
17 disp( ’And a p p l y i n g same o p e r a t i o n s on i d e n t i t y

matr ix Q such tha t R = QA ’ );
18 Q = eye(3,3);

19 disp(Q, ’Q = ’ );
20 T = A; // Temporary matr ix to s t o r e A
21 disp( ’ Apply ing row t r a n s f o r m a t i o n s on A and Q, we g e t

’ );
22 disp( ’R1 = R1−R2 ’ );
23 A(1,:) = A(1,:) - A(2,:);

24 Q(1,:) = Q(1,:) - Q(2,:);

25 disp(A, ’A = ’ );
26 disp(Q, ’Q = ’ );
27 disp( ’R3 = R3 + 2∗R1 ’ );
28 A(3,:) = A(3,:) + 2*A(1,:);

29 Q(3,:) = Q(3,:) + 2*Q(1,:);

30 disp(A, ’A = ’ );
31 disp(Q, ’Q = ’ );
32 disp( ’R3 = R3/3 ’ );
33 A(3,:) = 1/3*A(3,:);

34 Q(3,:) = 1/3*Q(3,:);

35 disp(A, ’A = ’ );
36 disp(Q, ’Q = ’ );
37 disp( ’R2 = R2/2 ’ );
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38 A(2,:) = 1/2*A(2,:);

39 Q(2,:) = 1/2*Q(2,:);

40 disp(A, ’A = ’ );
41 disp(Q, ’Q = ’ );
42 disp( ’R2 = R2 − 1/2∗R3 ’ );
43 A(2,:) = A(2,:) - 1/2*A(3,:);

44 Q(2,:) = Q(2,:) - 1/2*Q(3,:);

45 disp(A, ’A = ’ );
46 disp(Q, ’Q = ’ );
47 R = A;

48 A = T;

49 disp( ’Row reduced e c h e l o n matr ix : ’ );
50 disp(R, ’R = ’ );
51 disp(Q, ’Q = ’ );
52 // pa r t a
53 disp(rank(R), ’ rank o f R = ’ );
54 disp( ’ S ince , Rank o f R i s 3 , so a1 , a2 , a3 a r e

independent ’ );
55 // pa r t b
56 disp( ’Now , b a s i s f o r W can be g i v e n by row v e c t o r s

o f R i . e . p1 , p2 , p3 ’ );
57 disp( ’ b i s any v e c t o r i n W. b = [ b1 b2 b3 b4 ] ’ );
58 disp( ’ Span o f v e c t o r s p1 , p2 , p3 c o n s i s t o f v e c t o r b

with b3 = 2∗b1 ’ );
59 disp( ’ So , b = b1p1 + b2p2 + b4p3 ’ );
60 disp( ’And , [ p1 p2 p3 ] = R = Q∗A ’ );
61 disp( ’ So , b = [ b1 b2 b3 ] ∗ Q ∗ A ’ );
62 disp( ’ hence , b = x1a1 + x2a2 + x3a3 where x1 = [ b1

b2 b4 ] ∗ Q( 1 ) and so on ’ ); // Equat ion 1
63 // pa r t c
64 disp( ’Now , g i v e n 3 v e c t o r s a1 ’ ’ a2 ’ ’ a3 ’ ’ : ’ );
65 c1 = [1 0 2 0];

66 c2 = [0 2 0 1];

67 c3 = [0 0 0 3];

68 disp(c1, ’ a1 ’ ’ = ’ );
69 disp(c2, ’ a2 ’ ’ = ’ );
70 disp(c3, ’ a3 ’ ’ = ’ );
71 disp( ’ S i n c e a1 ’ ’ a2 ’ ’ a3 ’ ’ a r e a l l o f the form ( y1
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y2 y3 y4 ) with y3 = 2∗y1 , hence they a r e i n W. ’ );
72 disp( ’ So , they a r e independent . ’ );
73 // pa r t d
74 c = [c1; c2; c3];

75 P = eye(3,3);

76 for i = 1:3

77 b1 = c(i,1);

78 b2 = c(i,2);

79 b4 = c(i,4);

80 x1 = [b1 b2 b4] * Q(:,1);

81 x2 = [b1 b2 b4]*Q(:,2);

82 x3 = [b1 b2 b4]*Q(:,3);

83 P(:,i) = [x1; x2; x3];

84 end

85 disp( ’ Requ i red matr ix P such tha t X = PX ’ ’ i s : ’ );
86 disp(P, ’P = ’ );
87 // end

Scilab code Exa 2.22 Standard basis of Matrix

1 // page 63
2 // Example 2 . 2 2
3 clear;

4 clc;

5 close;

6 A = [1 2 0 3 0;1 2 -1 -1 0;0 0 1 4 0;2 4 1 10 1;0 0

0 0 1];

7 disp(A, ’A = ’ );
8 // pa r t a
9 T = A; // Temporary s t o r i n g A i n T

10 disp( ’ Taking an i d e n t i t y matr ix P : ’ );
11 P = eye(5,5);

12 disp(P, ’P = ’ );
13 disp( ’ Apply ing row t r a n s f o r m a t i o n s on P and A to ge t

a row reduced e c h e l o n matr ix R: ’ );
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14 disp( ’R2 = R2 − R1 and R4 = R4 − 2∗ R1 ’ );
15 A(2,:) = A(2,:) - A(1,:);

16 P(2,:) = P(2,:) - P(1,:);

17 A(4,:) = A(4,:) - 2 * A(1,:);

18 P(4,:) = P(4,:) - 2 * P(1,:);

19 disp(A, ’A = ’ );
20 disp(P, ’P = ’ );
21 disp( ’R2 = −R2 , R3 = R3 − R1 + R2 and R4 = R4 − R1

+ R2 ’ );
22 A(2,:) = -A(2,:);

23 P(2,:) = -P(2,:);

24 A(3,:) = A(3,:) - A(2,:);

25 P(3,:) = P(3,:) - P(2,:);

26 A(4,:) = A(4,:) - A(2,:);

27 P(4,:) = P(4,:) - P(2,:);

28 disp(A, ’A = ’ );
29 disp(P, ’P = ’ );
30 disp( ’ Mutual ly i n t e r c h a n g i n g R3 , R4 and R5 ’ );
31 x = A(3,:);

32 A(3,:) = A(5,:);

33 y = A(4,:);

34 A(4,:) = x;

35 A(5,:) = y - A(3,:);

36 x = P(3,:);

37 P(3,:) = P(5,:);

38 y = P(4,:);

39 P(4,:) = x;

40 P(5,:) = y - P(3,:);

41 R = A;

42 A = T;

43 disp(R, ’Row reduced e c h e l o n matr ix R = ’ );
44 disp(P, ’ I n v e r t i b l e Matr ix P = ’ );
45 disp( ’ I n v e r t i b l e matr ix P i s not un ique . There can

be many tha t depends on o p e r a t i o n s used to r educe
A ’ );

46 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
47 // pa r t b
48 disp( ’ For the b a s i s o f row space W o f A, we can take
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the non−z e r o rows o f R ’ );
49 disp( ’ I t can be g i v e n by p1 , p2 , p3 ’ );
50 p1 = R(1,:);

51 p2 = R(2,:);

52 p3 = R(3,:);

53 disp(p1, ’ p1 = ’ );
54 disp(p2, ’ p2 = ’ );
55 disp(p3, ’ p3 = ’ );
56 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
57 // pa r t c
58 disp( ’ The row space W c o n s i s t s o f v e c t o r s o f the

form : ’ );
59 disp( ’ b = c1p1 + c2p2 + c3p3 ’ );
60 disp( ’ i . e . b = ( c1 , 2∗ c1 , c2 , 3∗ c1+4∗c2 , c3 ) where , c1

c2 c3 a r e s c a l a r s . ’ );
61 disp( ’ So , i f b2 = 2∗b1 and b4 = 3∗b1 + 4∗b3 => ( b1

, b2 , b3 , b4 , b5 ) = b1p1 + b3p2 + b5p3 ’ );
62 disp( ’ then , ( b1 , b2 , b3 , b4 , b5 ) i s i n W’ );
63 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
64 // pa r t d
65 disp( ’ The c o o r d i n a t e matr ix o f the v e c t o r ( b1 , 2∗ b1 ,

b2 , 3∗ b1+4∗b2 , b3 ) i n the b a s i s ( p1 , p2 , p3 ) i s
column matr ix o f b1 , b2 , b3 such tha t : ’ );

66 disp( ’ b1 ’ );
67 disp( ’ b2 ’ );
68 disp( ’ b3 ’ );
69 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
70 // pa r t e
71 disp( ’Now , to w r i t e each v e c t o r i n W as a l i n e a r

combinat i on o f rows o f A: ’ );
72 disp( ’ Let b = ( b1 , b2 , b3 , b4 , b5 ) and i f b i s i n W,

then ’ );
73 disp( ’ we know , b = ( b1 , 2∗ b1 , b3 , 3∗ b1 + 4∗b3 , b5 ) => [

b1 , b3 , b5 , 0 , 0 ] ∗R ’ );
74 disp( ’=> b = [ b1 , b3 , b5 , 0 , 0 ] ∗ P∗A => b = [ b1+b3 ,−

b3 , 0 , 0 , b5 ] ∗ A ’ );
75 disp( ’ i f b = (−5 ,−10 ,1 ,−11 ,20) ’ );
76 b1 = -5;
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77 b2 = -10;

78 b3 = 1;

79 b4 = -11;

80 b5 = 20;

81 x = [b1 + b3,-b3 ,0,0,b5];

82 disp( ’ ] ’ ,A, ’ [ ’ , ’ ∗ ’ , ’ ) ’ ,x, ’ ( ’ , ’ b = ’ );
83 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
84 // pa r t f
85 disp( ’ The e q u a t i o n s i n system RX = 0 a r e g i v e n by R

∗ [ x1 x2 x3 x4 x5 ] ’ );
86 disp( ’ i . e . , x1 + 2∗ x2 + 3∗ x4 ’ );
87 disp( ’ x3 + 4∗ x4 ’ );
88 disp( ’ x5 ’ );
89 disp( ’ so , V c o n s i s t s o f a l l columns o f the form ’ );
90 disp( ’ [ ’ , ’X= ’ );
91 disp( ’ −2∗x2 − 3∗ x4 ’ );
92 disp( ’ x2 ’ );
93 disp( ’ −4∗x4 ’ );
94 disp( ’ x4 ’ );
95 disp( ’ 0 ’ );
96 disp( ’ where x2 and x4 a r e a r b i t r a r y ’ , ’ ] ’ );
97 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
98 // pa r t g
99 disp( ’ Let x2 = 1 , x4 = 0 then the g i v e n column forms

a b a s i s o f V ’ );
100 x2 = 1;

101 x4 = 0;

102 disp ([-2*x2 -3*x4; x2; -4*x4; x4; 0]);

103 disp( ’ S i m i l a r l y , i f x2 = 0 , x4 = 1 then the g i v e n
column forms a b a s i s o f V ’ );

104 x2 = 0;

105 x4 = 1;

106 disp ([-2*x2 -3*x4; x2; -4*x4; x4; 0]);

107 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
108 // pa r t h
109 disp( ’ The e q u a t i o n AX = Y has s o l u t i o n s X i f and

on ly i f ’ );
110 disp( ’−y1 + y2 + y3 = 0 ’ );
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111 disp( ’−3∗y1 + y2 + y4 −y5 = 0 ’ );
112 disp( ’ where , Y = ( y1 y2 y3 y4 y5 ) ’ );
113 // end
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Chapter 3

Linear Transformations

Scilab code Exa 3.6 Linear Transformation function

1 // page 70
2 // Example 3 . 6
3 clc;

4 clear;

5 close;

6 a1 = [1 2];

7 a2 = [3 4];

8 disp(a1, ’ a1 = ’ );
9 disp(a2, ’ a2 = ’ );
10 disp( ’ a1 and a2 a r e l i n e a r l y independent and hence

form a b a s i s f o r Rˆ2 ’ );
11 disp( ’ Accord ing to theorem 1 , t h e r e i s a l i n e a r

t r a n s f o r m a t i o n from Rˆ2 to Rˆ3 with the
t r a n s f o r m a t i o n f u n c t i o n s as : ’ );

12 Ta1 = [3 2 1];

13 Ta2 = [6 5 4];

14 disp(Ta1 , ’ Ta1 = ’ );
15 disp(Ta2 , ’ Ta2 = ’ );
16 disp( ’Now , we f i n d s c a l a r s c1 and c2 f o r tha t we

know T( c1a1 + c2a2 ) = c1 ( Ta1 ) + c2 ( Ta2 ) ) ’ );
17 disp( ’ i f ( 1 , 0 ) = c1 ( 1 , 2 ) + c2 ( 3 , 4 ) , then ’ );
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18 c = inv([a1;a2]’) * [1;0];

19 c1 = c(1,1);

20 c2 = c(2,1);

21 disp(c1, ’ c1 = ’ );
22 disp(c2, ’ c2 = ’ );
23 disp( ’ The t r a n s f o r m a t i o n f u n c t i o n T( 1 , 0 ) w i l l be : ’ );
24 T = c1*Ta1 + c2*Ta2;

25 disp(T, ’T( 1 , 0 ) = ’ );
26 // end

Scilab code Exa 3.12 Singular and onto linear transformation

1 // page 81
2 // Example 3 . 1 2
3 clc;

4 clear;

5 close;

6 x = round(rand (1,2) * 10);

7 x1 = x(1);

8 x2 = x(2);

9 T = [x1+x2 x1];

10 disp(x1, ’ x1 = ’ );
11 disp(x2, ’ x2 = ’ );
12 printf( ’T(%d,%d) = ’ ,x1 ,x2);
13 disp(T);

14 disp( ’ I f , T( x1 , x2 ) = 0 , then ’ );
15 disp( ’ x1 = x2 = 0 ’ );
16 disp( ’ So , T i s non−s i n g u l a r ’ );
17 disp( ’ z1 , z2 a r e two s c a l a r s i n F ’ );
18 z1 = round(rand() * 10);

19 z2 = round(rand() * 10);

20 disp(z1, ’ z1 = ’ );
21 disp(z2, ’ z2 = ’ );
22 x1 = z2;

23 x2 = z1 - z2;
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24 disp(x1, ’ So , x1 = ’ );
25 disp(x2, ’ x2 = ’ );
26 disp( ’ Hence , T i s onto . ’ );
27 Tinv = [z2 z1 -z2];

28 disp(Tinv , ’ i n v e r s e (T) = ’ );
29 // end

Scilab code Exa 3.14 Standard Ordered Basis

1 // page 89
2 // Example 3 . 1 4
3 clc;

4 clear;

5 close;

6 disp( ’T i s a l i n e a r o p e r a t o r on Fˆ2 d e f i n e d as : ’ );
7 disp( ’T( x1 , x2 ) = ( x1 , 0 ) ’ );
8 disp( ’B = { e1 , e2 } i s a s tandard o r d e r e d b a s i s f o r F

ˆ2 , then ’ );
9 x1 = 1;

10 x2 = 0;

11 Te1 = [x1 0];

12 x1 = 0;

13 x2 = 1;

14 Te2 = [x1 0];

15 disp(Te1 , ’ So , Te1 = T( 1 , 0 ) = ’ );
16 disp(Te2 , ’ So , Te2 = T( 0 , 1 ) = ’ );
17 disp( ’ so , matr ix T i n o r d e r e d b a s i s B i s : ’ );
18 T = [Te1; Te2];

19 disp(T, ’T = ’ );
20 // end

Scilab code Exa 3.15 Matrix in Ordered basis
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1 // page 89
2 // Example 3 . 1 5
3 clc;

4 clear;

5 close;

6 disp( ’ D i f f e r e n t i a t i o n o p e r a t o r D i s d e f i n e d as : ’ );
7 D = zeros (4,4);

8 x = poly(0,”x”);
9 for i= 1:4

10 t= i-1;

11 f = derivat(x^t);

12 printf( ’ (Df%d) ( x ) = ’ ,i);
13 disp(f);

14 if ~(i == 1) then

15 D(i-1,i) = i-1;

16 end

17 end

18 disp( ’ Matr ix o f D i n o r d e r e d b a s i s i s : ’ );
19 disp(D, ’ [D] = ’ );
20 // end

Scilab code Exa 3.16 Standard Ordered Basis

1 // page 92
2 // Example 3 . 1 6
3 clc;

4 clear;

5 close;

6 disp( ’T i s a l i n e a r o p e r a t o r on Rˆ2 d e f i n e d as T( x1 ,
x2 ) = ( x1 , 0 ) ’ );

7 disp( ’ So , the matr ix T i n s tandard o r d e r e d b a s i s B =
{ e1 , e2 } i s ’ );

8 T = [1 0 ;0 0];

9 disp(T, ’ [T ]B = ’ );
10 disp( ’ Let B ’ ’ i s the o r d e r e d b a s i s f o r Rˆ2
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c o n s i s t i n g o f v e c t o r s : ’ );
11 E1 = [1 1];

12 E2 = [2 1];

13 disp(E1, ’ E1 = ’ );
14 disp(E2, ’ E2 = ’ );
15 P = [E1;E2]’

16 disp(P, ’ So , matr ix P = ’ );
17 Pinv = inv(P);

18 disp(Pinv , ’P i n v e r s e = ’ );
19 T1 = Pinv*T*P;

20 disp(T1, ’ So , matr ix T i n o r d e r e d b a s i s B ’ ’ i s [T ]B ’ ’
= ’ );

21 // end

Scilab code Exa 3.17 Matrix in ordered basis

1 // page 93
2 // Example 3 . 1 7
3 clc;

4 clear;

5 close;

6 t = poly(0,” t ”);
7 disp( ’ g1 = f 1 ’ );
8 disp( ’ g2 = t ∗ f 1 + f 2 ’ );
9 disp( ’ g3 = t ˆ2∗ f 1 + 2∗ t ∗ f 2 + f 3 ’ );
10 disp( ’ g4 = t ˆ3∗ f 1 + 3∗ t ˆ2∗ f 2 + 3∗ t ∗ f 3 + f 4 ’ );
11 P = [1 t t^2 t^3;0 1 2*t 3*t^2;0 0 1 3*t;0 0 0 1];

12 disp(P, ’P = ’ );
13 disp(inv(P), ’ i n v e r s e P = ’ );
14 disp( ’ Matr ix o f d i f f e r e n t i a t i o n o p e r a t o r D i n

o r d e r e d b a s i s B i s : ’ ); //As found i n example 15
15 D = [0 1 0 0;0 0 2 0;0 0 0 3;0 0 0 0];

16 disp(D, ’D = ’ );
17 disp( ’ Matr ix o f D i n o r d e r e d b a s i s B ’ ’ i s : ’ );
18 disp(inv(P)*D*P, ’ i n v e r s e (P) ∗ D ∗ P = ’ );
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19 // end

Scilab code Exa 3.19 Trace of a matrix

1 // page 98
2 // Example 3 . 1 9
3 clc;

4 clear;

5 close;

6 function [tr] = trace_matrix(M,n)

7 for i = 1 : n

8 tr = tr + M(i,i);

9 end

10 endfunction

11 n = round(rand() * 10 + 2);

12 disp(n, ’ n = ’ );
13 A = round(rand(n,n) * 10);

14 disp(A, ’A = ’ );
15 tr = 0;

16 disp( ’ Trace o f A: ’ );
17 tr1 = trace_matrix(A,n);

18 disp(tr1 , ’ t r (A) = ’ );
19 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
20 c = round(rand() * 10 + 2);

21 disp(c, ’ c = ’ );
22 B = round(rand(n,n) * 10);

23 disp(B, ’B = ’ );
24 disp( ’ Trace o f B : ’ );
25 tr2 = trace_matrix(B,n);

26 disp(tr2 , ’ t r (B) = ’ );
27 disp(c*tr1+tr2 , ’ t r ( cA + B) = ’ );
28 // end
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Scilab code Exa 3.23 Linear functional on vector space

1 // page 103
2 // Example 3 . 2 3
3 clc;

4 clear;

5 close;

6 disp( ’ Matr ix r e p r e s e n t e d by g i v e n l i n e a r f u n c t i o n a l s
on Rˆ 4 : ’ );

7 A = [1 2 2 1;0 2 0 1;-2 0 -4 3];

8 disp(A, ’A = ’ );
9 T = A; // Temporary matr ix to s t o r e A

10 disp( ’To f i n d Row reduced e c h e l o n matr ix o f A g i v e n
by R: ’ )

11 disp( ’ Apply ing row t r a n s f o r m a t i o n s on A, we g e t ’ );
12 disp( ’R1 = R1−R2 ’ );
13 A(1,:) = A(1,:) - A(2,:);

14 disp(A, ’A = ’ );
15 disp( ’R3 = R3 + 2∗R1 ’ );
16 A(3,:) = A(3,:) + 2*A(1,:);

17 disp(A, ’A = ’ );
18 disp( ’R3 = R3/3 ’ );
19 A(3,:) = 1/3*A(3,:);

20 disp(A, ’A = ’ );
21 disp( ’R2 = R2/2 ’ );
22 A(2,:) = 1/2*A(2,:);

23 disp(A, ’A = ’ );
24 disp( ’R2 = R2 − 1/2∗R3 ’ );
25 A(2,:) = A(2,:) - 1/2*A(3,:);

26 disp(A, ’A = ’ );
27 R = A;

28 A = T;

29 disp( ’Row reduced e c h e l o n matr ix o f A i s : ’ );
30 disp(R, ’R = ’ );
31 disp( ’ The r e f o r e , l i n e a r f u n c t i o n a l s g1 , g2 , g3 span the

same subspace o f (Rˆ4) ∗ as f1 , f2 , f 3 a r e g i v e n by
: ’ );

32 disp( ’ g1 ( x1 , x2 , x3 , x4 ) = x1 + 2∗ x3 ’ );
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33 disp( ’ g1 ( x1 , x2 , x3 , x4 ) = x2 ’ );
34 disp( ’ g1 ( x1 , x2 , x3 , x4 ) = x4 ’ );
35 disp( ’ The subspace c o n s i s t s o f the v e c t o r s with ’ );
36 disp( ’ x1 = −2∗x3 ’ );
37 disp( ’ x2 = x4 = 0 ’ );
38 // end

Scilab code Exa 3.24 Linear functional on vector space

1 // page 104
2 // Example 3 . 2 4
3 clc;

4 clear;

5 close;

6 disp( ’W be the subspace o f Rˆ5 spanned by v e c t o r s : ’ )
;

7 a1 = [2 -2 3 4 -1];

8 a2 = [-1 1 2 5 2];

9 a3 = [0 0 -1 -2 3];

10 a4 = [1 -1 2 3 0];

11 disp(a1, ’ a1 = ’ );
12 disp(a2, ’ a2 = ’ );
13 disp(a3, ’ a3 = ’ );
14 disp(a4, ’ a4 = ’ );
15 disp( ’ Matr ix A by the row v e c t o r s a1 , a2 , a3 , a4 w i l l

be : ’ );
16 A = [a1;a2;a3;a4];

17 disp(A, ’A = ’ );
18 disp( ’ A f t e r Apply ing row t r a n s f o r m a t i o n s , we g e t the

row reduced e c h e l o n matr ix R o f A; ’ );
19 T = A; // Temporary matr ix to s t o r e

A
20 //R1 = R1 − R4 and R2 = R2 + R4
21 A(1,:) = A(1,:) - A(4,:);

22 A(2,:) = A(2,:) + A(4,:);
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23 //R2 = R2/2
24 A(2,:) = 1/2 * A(2,:);

25 //R3 = R3 + R2 and R4 = R4 − R1
26 A(3,:) = A(3,:) + A(2,:);

27 A(4,:) = A(4,:) - A(1,:);

28 //R3 = R3 − R4
29 A(3,:) = A(3,:) - A(4,:);

30 //R3 = R3/3
31 A(3,:) = 1/3 * A(3,:);

32 //R2 = R2 − R3
33 A(2,:) = A(2,:) - A(3,:);

34 //R2 = R2/2 and R4 = R4 − R2 − R3
35 A(2,:) = 1/2 * A(2,:);

36 A(4,:) = A(4,:) - A(2,:) - A(3,:);

37 //R1 = R1 − R2 + R3
38 A(1,:) = A(1,:) - A(2,:) + A(3,:);

39 R = A;

40 A = T;

41 disp(R, ’R = ’ );
42 disp( ’ Then we o b t a i n a l l the l i n e a r f u n c t i o n a l s f by

a s s i g n i n g a r b i t r a r y v a l u e s to c2 and c4 ’ );
43 disp( ’ Let c2 = a , c4 = b then c1 = a+b , c3 = −2b , c5

= 0 . ’ );
44 disp( ’ So , W0 c o n s i s t s a l l l i n e a r f u n c t i o n a l s f o f

the form ’ );
45 disp( ’ f ( x1 , x2 , x3 , x4 , x5 ) = ( a+b ) x1 + ax2 −2bx3 + bx4 ’

);

46 disp( ’ Dimension o f W0 = 2 and b a s i s { f1 , f 2 } can be
found by f i r s t t a k i n g a = 1 , b = 0 . Then a = 0 , b
= 1 ’ );

47 // end
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Chapter 4

Polynomials

Scilab code Exa 4.3 Algebra of linear operators

1 // page 121
2 // Example 4 . 3
3 clc;

4 clear;

5 close;

6 disp( ’C i s the f i e l d o f complex numbers ’ );
7 x = poly(0,”x”);
8 f = x^2 + 2;

9 disp(f, ’ f = ’ );
10 // pa r t a
11 disp( ’ i f a = C and z b e l o n g s to C, then f ( z ) = z ˆ2 +

2 ’ );
12 disp(horner(f,2), ’ f ( 2 ) = ’ );
13 disp(horner(f,(1+%i)/(1-%i)), ’ f (1+%i/1−%i ) = ’ );
14 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
15 // pa r t b
16 disp( ’ I f a i s the a l g e b r a o f a l l 2∗2 m a t r i c e s ove r C

and ’ );
17 B = [1 0;-1 2];

18 disp(B, ’B = ’ );
19 disp (2*eye(2,2) + B^2, ’ then , f (B) = ’ );
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20 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
21 // pa r t c
22 disp( ’ I f a i s a l g e b r a o f a l l l i n e a r o p e r a t o r s on Cˆ3

’ );
23 disp( ’And T i s e l ement o f a as : ’ );
24 disp( ’T( c1 , c2 , c3 ) = ( i ∗2ˆ1/2∗ c1 , c2 , i ∗2ˆ1/2∗ c3 ) ’ );
25 disp( ’ Then , f (T) ( c1 , c2 , c3 ) = ( 0 , 3∗ c2 , 0 ) ’ );
26 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
27 // pa r t d
28 disp( ’ I f a i s the a l g e b r a o f a l l p o l y n o m i a l s ove r C ’

);

29 g = x^4 + 3*%i;

30 disp(g, ’And , g = ’ );
31 disp(horner(f,g), ’ Then f ( g ) = ’ );
32 // end

Scilab code Exa 4.7 Ideal of a polynomial

1 // page 131
2 // Example 4 . 7
3 clc;

4 clear;

5 close;

6 x = poly(0,”x”);
7 p1 = x + 2;

8 p2 = x^2 + 8*x + 16;

9 disp( ’M = ( x+2)F [ x ] + ( xˆ2 + 8x + 16)F [ x ] ’ );
10 disp( ’We a s s e r t , M = F [ x ] ’ );
11 disp( ’M c o n t a i n s : ’ );
12 t = p2 - x*p1;

13 disp(t);

14 disp( ’And hence M c o n t a i n s : ’ );
15 disp(t - 6*p1);

16 disp( ’ Thus the s c a l a r po lynomia l 1 b e l o n g s to M as
w e l l a l l i t s m u l t i p l e s . ’ )
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17 // end

Scilab code Exa 4.8 G C D of polynomials

1 // page 133
2 // Example 4 . 8
3 clc;

4 clear;

5 close;

6 x = poly(0,”x”);
7 // pa r t a
8 p1 = x + 2;

9 p2 = x^2 + 8*x + 16;

10 disp(p1, ’ p1 = ’ );
11 disp(p2, ’ p2 = ’ );
12 disp( ’M = ( x+2)F [ x ] + ( xˆ2 + 8x + 16)F [ x ] ’ );
13 disp( ’We a s s e r t , M = F [ x ] ’ );
14 disp( ’M c o n t a i n s : ’ );
15 t = p2 - x*p1;

16 disp(t);

17 disp( ’And hence M c o n t a i n s : ’ );
18 disp(t - 6*p1);

19 disp( ’ Thus the s c a l a r po lynomia l 1 b e l o n g s to M as
w e l l a l l i t s m u l t i p l e s ’ );

20 disp( ’ So , gcd ( p1 , p2 ) = 1 ’ );
21 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

’ );
22 // pa r t b
23 p1 = (x - 2)^2*(x+%i);

24 p2 = (x-2)*(x^2 + 1);

25 disp(p1, ’ p1 = ’ );
26 disp(p2, ’ p2 = ’ );
27 disp( ’M = ( x − 2) ˆ2∗ ( x+%i )F [ x ] + ( x−2) ∗ ( xˆ2 + 1 ’ );
28 disp( ’ The i d e a l M c o n t a i n s p1 − p2 i . e . , ’ );
29 disp(p1 - p2);
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30 disp( ’ Hence i t c o n t a i n s ( x−2) ( x+i ) , which i s monic
and d i v i d e s both , ’ );

31 disp( ’ So , gcd ( p1 , p2 ) = ( x−2) ( x+i ) ’ );
32 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

’ );
33 // end

Scilab code Exa 4.9 Ideal of a Polynomial

1 // page 133
2 // Example 4 . 9
3 clc;

4 clear;

5 close;

6 disp( ’M i s the i d e a l i n F [ x ] g e n e r a t e d by : ’ );
7 disp( ’ ( x−1) ∗ ( x+2) ˆ2 ’ );
8 disp( ’ ( x+2) ˆ2∗ ( x+3) ’ );
9 disp( ’ ( x−3) ’ , ’ and ’ );

10 x = poly(0,”x”);
11 p1 = (x-1)*(x+2)^2;

12 p2 = (x+2) ^2*(x-3);

13 p3 = (x-3);

14 disp( ’M = ( x−1) ∗ ( x+2) ˆ2 F [ x ] + ( x+2) ˆ2∗ ( x−3) + ( x−3)
’ );

15 disp( ’ Then M c o n t a i n s : ’ );
16 t = 1/2*(x+2) ^2*((x-1) - (x-3));

17 disp(t);

18 disp( ’ i . e . , M c o n t a i n s ( x+2) ˆ2 ’ );
19 disp( ’ and s i n c e , ( x+2) ˆ2 = ( x−3) ( x−7) − 17 ’ );
20 disp( ’ So M c o n t a i n s the s c a l a r po lynomia l 1 . ’ );
21 disp( ’ So , M = F [ x ] and g i v e n p o l y n o m i a l s a r e

r e l a t i v e l y pr ime . ’ );
22 // end
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Scilab code Exa 4.10 Reducible Polynomial

1 // page 135
2 // Example 4 . 1 0
3 clc;

4 clear;

5 close;

6 x = poly(0,”x”);
7 P = x^2 + 1;

8 disp(P, ’P = ’ );
9 disp( ’P i s r e d u c i b l e ove r complex numbers as : ’ );

10 disp( ’= ’ ,P);
11 disp( ’ ( x− i ) ( x+i ) ’ );
12 disp( ’ Whereas , P i s i r r e d u c i b l e ove r r e a l numbers as

: . ’ );
13 disp( ’= ’ ,P);
14 disp( ’ ( ax + b ) ( a ’ ’ x + b ’ ’ ) ’ );
15 disp( ’ For , a , a ’ ’ , b , b ’ ’ to be i n R, ’ );
16 disp( ’ aa ’ ’ = 1 ’ );
17 disp( ’ ab ’ ’ + ba ’ ’ = 0 ’ );
18 disp( ’ bb ’ ’ = 1 ’ );
19 disp( ’=> a ˆ2 + bˆ2 = 0 ’ );
20 disp( ’=> a = b = 0 ’ );
21 // end
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Chapter 5

Determinants

Scilab code Exa 5.3 Two linear function

1 // page 143
2 // Example 5 . 3
3 clc;

4 clear;

5 close;

6 A = round(rand (2,2) *10 );

7 disp(A, ’A = ’ );
8 D1 = A(1,1)*A(2,2);

9 D2 = - A(1,2)*A(2,1);

10 disp(D1, ’D1(A) = ’ );
11 disp(D2, ’D2(A) = ’ );
12 disp(D1 + D2, ’D(A) = D1(A) + D2(A) = ’ );
13 disp( ’ That i s , D i s a 2− l i n e a r f u n c t i o n . ’ );
14 // end

Scilab code Exa 5.4 Alternating 3 Linear Functions

1 // page 145
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2 // Example 5 . 4
3 clc;

4 clear;

5 close;

6 x = poly(0,”x”);
7 A = [x 0 -x^2;0 1 0;1 0 x^3];

8 disp(A, ’A = ’ );
9 disp( ’ e1 , e2 , e3 a r e the rows o f 3∗3 i d e n t i t y matr ix ,

then ’ );
10 T = eye(3,3);

11 e1 = T(1,:);

12 e2 = T(2,:);

13 e3 = T(3,:);

14 disp(e1, ’ e1 = ’ );
15 disp(e2, ’ e2 = ’ );
16 disp(e3, ’ e3 = ’ );
17 disp( ’D(A) = D( x∗ e1 − x ˆ2∗ e3 , e2 , e1 + x ˆ3∗ e3 ) ’ );
18 disp( ’ S ince , D i s l i n e a r as a f u n c t i o n o f each row , ’

);

19 disp( ’D(A) = x∗D( e1 , e2 , e1 + x ˆ3∗ e3 ) − x ˆ2∗D( e3 , e2 , e1
+ x ˆ3∗ e3 ) ’ );

20 disp( ’D(A) = x∗D( e1 , e2 , e1 ) + x ˆ4∗D( e1 , e2 , e3 ) − x ˆ2∗D
( e3 , e2 , e1 ) − x ˆ5∗D( e3 , e2 , e3 ) ’ );

21 disp( ’ As D i s a l t e r n a t i n g , So ’ );
22 disp( ’D(A) = ( xˆ4 + x ˆ2) ∗D( e1 , e2 , e3 ) ’ );
23 // end

Scilab code Exa 5.5 Determinant of a matrix

1 // page 147
2 // Example 5 . 5
3 clc;

4 clear;

5 close;

6 function [E1 , E2 , E3] = determinant(A)
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7 E1 = A(1,1)*det([A(2,2) A(2,3);A(3,2) A(3,3)]) -

A(2,1)*det([A(1,2) A(1,3);A(3,2) A(3,3)]) +

A(3,1)*det([A(1,2) A(1,3);A(2,2) A(2,3)]);

8 E2 = -A(1,2)*det([A(2,1) A(2,3);A(3,1) A(3,3)])

+ A(2,2)*det([A(1,1) A(1,3);A(3,1) A(3,3)]) +

A(3,2)*det([A(1,1) A(1,3);A(2,1) A(2,3)]);

9 E3 = A(1,3)*det([A(2,1) A(2,2);A(3,1) A(3,2)]) -

A(2,3)*det([A(1,1) A(1,2);A(3,1) A(3,2)]) +

A(3,3)*det([A(1,1) A(1,2);A(2,1) A(2,2)]);

10 endfunction

11

12 // pa r t a
13 x = poly(0,”x”);
14 A = [x-1 x^2 x^3;0 x-2 1;0 0 x-3];

15 disp(A, ’A = ’ );
16 [E1 , E2, E3] = determinant(A);

17 disp(E1, ’ E1 (A) = ’ );
18 disp(E2, ’ E2 (A) = ’ );
19 disp(E3, ’ E3 (A) = ’ );
20 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
21 // pa r t b
22 A = [0 1 0;0 0 1;1 0 0];

23 disp(A, ’A = ’ );
24 [E1 , E2, E3] = determinant(A);

25 disp(E1, ’ E1 (A) = ’ );
26 disp(E2, ’ E2 (A) = ’ );
27 disp(E3, ’ E3 (A) = ’ );
28 // end

Scilab code Exa 5.6 Determinant of a matrix

1 // page 158
2 // Example 5 . 6
3 clc;

4 clear;
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5 close;

6 disp( ’ Given Matr ix : ’ );
7 A = [1 -1 2 3; 2 2 0 2; 4 1 -1 -1;1 2 3 0];

8 disp(A, ’A = ’ );
9 disp( ’ A f te r , S u b t r a c t i n g m u l i p l e s o f row 1 from rows

2 3 4 ’ );
10 disp( ’R2 = R2 − 2∗R1 ’ );
11 A(2,:) = A(2,:) - 2 * A(1,:);

12 disp( ’R3 = R3 − 4∗R1 ’ );
13 A(3,:) = A(3,:) - 4 * A(1,:);

14 disp( ’R4 = R4 − R1 ’ );
15 A(4,:) = A(4,:) - A(1,:);

16 disp(A, ’A = ’ );
17 T = A; // Temporary matr ix to s t o r e

A
18 disp( ’We o b t a i n the same de t e rminant as b e f o r e . ’ );
19 disp( ’Now , a p p l y i n g some more row t r a n s f o r m a t i o n s as

: ’ );
20 disp( ’R3 = R3 − 5/4 ∗ R2 ’ );
21 T(3,:) = T(3,:) - 5/4 * T(2,:);

22 disp( ’R4 = R4 − 3/4 ∗ R2 ’ );
23 T(4,:) = T(4,:) - 3/4 * T(2,:);

24 B = T;

25 disp( ’We g e t B as : ’ );
26 disp(B, ’B = ’ );
27 disp( ’Now , de t e rminant o f A and B w i l l be same ’ );
28 disp(det(B), ’ de t A = det B = ’ );
29 // end

Scilab code Exa 5.7 Inverse of a matrix

1 // page 160
2 // Example 5 . 7
3 clc;

4 clear;
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5 close;

6 x = poly(0,”x”);
7 A = [x^2+x x+1;x-1 1];

8 B = [x^2-1 x+2;x^2-2*x+3 x];

9 disp(A, ’A = ’ );
10 disp(B, ’B = ’ );
11 disp(det(A), ’ de t A = ’ );
12 disp(det(B), ’ de t B = ’ );
13 disp( ’ Thus , A i s not i n v e r t i b l e ove r K whereas B i s

i n v e r t i b l e ’ );
14 disp(inv(A)*det(A), ’ ad j A = ’ );
15 disp(inv(B)*det(B), ’ ad j B = ’ );
16 disp( ’ ( ad j A)A = ( x+1) I ’ );
17 disp( ’ ( ad j B)B = −6I ’ );
18 disp(inv(B), ’B i n v e r s e = ’ );
19 // end

Scilab code Exa 5.8 Inverse of a matrix

1 // page 161
2 // Example 5 . 8
3 clc;

4 clear;

5 close;

6 A = [1 2;3 4];

7 disp(A, ’A = ’ );
8 d = det(A);

9 disp(d, ’ de t A = ’ , ’ Determinant o f A i s : ’ );
10 ad = (det(A) * eye(2,2)) / A;

11 disp(ad, ’ ad j A = ’ , ’ Ad jo in t o f A i s : ’ );
12 disp( ’ Thus , A i s not i n v e r t i b l e as a matr ix ove r the

r i n g o f i n t e g e r s . ’ );
13 disp( ’ But , A can be r e g a r d e d as a matr ix ove r f i e l d

o f r a t i o n a l numbers . ’ );
14 in = inv(A);
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15 //The A i n v e r s e matr ix g i v e n i n book has a wrong
e n t r y o f 1 / 2 . I t shou ld be −1/2.

16 disp(in, ’ i nv (A) = ’ , ’ Then , A i s i n v e r t i b l e and
I n v e r s e o f A i s : ’ );

17 // end
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Chapter 6

Elementary Canonical Forms

Scilab code Exa 6.1 Characteristic Polynomial of a matrix

1 // page 184
2 // Example 6 . 1
3 clc;

4 clear;

5 close;

6 disp( ’ Standard o r d e r e d matr ix f o r L i n e a r o p e r a t o r T
on Rˆ2 i s : ’ );

7 A = [0 -1;1 0];

8 disp(A, ’A = ’ );
9 disp( ’ The c h a r a c t e r i s t i c po lynomia l f o r T or A i s : ’ )
10 x = poly(0,”x”);
11 p = detr(x*eye(2,2)-A);

12 disp(p);

13 disp( ’ S i n c e t h i s po l ynomia l has no r e a l r o o t s ,T has
no c h a r a c t e r i s t i c v a l u e s . ’ );

14 // end

Scilab code Exa 6.2 Characteristic Polynomial of a matrix
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1 // page 184
2 // Example 6 . 2
3 clc;

4 clear;

5 close;

6 A = [3 1 -1; 2 2 -1;2 2 0];

7 disp(A, ’A = ’ );
8 disp( ’ C h a r a c t e r i s t i c po l ynomia l f o r A i s : ’ );
9 p = poly(A,”x”);

10 disp(p);

11 disp( ’ o r ’ );
12 disp( ’ ( x−1) ( x−2)ˆ2 ’ );
13 r = roots(p);

14 [m,n] = size(A);

15 disp( ’ The c h a r a c t e r i s t i c v a l u e s o f A a r e : ’ );
16 disp(round(r));

17 B = A-eye(m,n);

18 disp(B, ’Now , A−I = ’ );
19 disp(rank(B), ’ rank o f A − I= ’ );
20 disp( ’ So , n u l l i t y o f T−I = 1 ’ );
21 a1 = [1 0 2];

22 disp(a1, ’ The v e c t o r tha t spans the n u l l space o f T−I
= ’ );

23 B = A-2*eye(m,n);

24 disp(B, ’Now ,A−2I = ’ );
25 disp(rank(B), ’ rank o f A − 2 I= ’ );
26 disp( ’T∗ a lpha = 2∗ a lpha i f a lpha i s a s c a l a r

m u l t i p l e o f a2 ’ );
27 a2 = [1 1 2];

28 disp(a2, ’ a2 = ’ );
29 // end

Scilab code Exa 6.3 Characteristic Polynomial of a matrix

1 // page 187
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2 // Example 6 . 3
3 clc;

4 clear;

5 close;

6 disp( ’ Standard o r d e r e d matr ix f o r L i n e a r o p e r a t o r T
on Rˆ3 i s : ’ );

7 A = [5 -6 -6; -1 4 2; 3 -6 -4];

8 disp(A, ’A = ’ );
9 disp( ’ x I − A = ’ );
10 B = eye(3,3);

11 x = poly(0,”x”);
12 P = x*B - A;

13 disp(P);

14 disp( ’ Apply ing row and column t r a n s f o r m a t i o n s : ’ );
15 disp( ’C2 = C2 − C3 ’ );
16 P(:,2) = P(:,2) - P(:,3);

17 disp( ’=> ’ );
18 disp(P);

19 disp( ’ Taking ( x−2) common from C2 ’ );
20 c = x-2;

21 P(:,2) = P(:,2) / (x-2);

22 disp( ’=> ’ );
23 disp( ’ ∗ ’ , c);

24 disp(P);

25 disp( ’R3 = R3 + R2 ’ );
26 P(3,:) = P(3,:) + P(2,:);

27 disp( ’=> ’ );
28 disp( ’ ∗ ’ , c);

29 disp(P);

30 P = [P(1,1) P(1,3); P(3,1) P(3,3)];

31 disp( ’=> ’ );
32 disp( ’ ∗ ’ , c);

33 disp(P);

34 disp( ’=> ’ );
35 disp( ’ ∗ ’ ,c);
36 disp(det(P));

37 disp( ’ This i s the c h a r a c t e r i s t i c po lynomia l ’ );
38 disp(A-B, ’Now , A − I = ’ );
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39 disp(A-2*B, ’And , A− 2 I = ’ );
40 disp(rank(A-B), ’ rank (A−I ) = ’ );
41 disp(rank(A-2*B), ’ rank (A−2I ) = ’ );
42 disp( ’W1,W2 be the s p a c e s o f c h a r a c t e r i s t i c v e c t o r s

a s s o c i a t e d with v a l u e s 1 ,2 ’ );
43 disp( ’ So by theorem 2 , T i s d i a g o n a l i z a b l e ’ );
44 a1 = [3 -1 3];

45 a2 = [2 1 0];

46 a3 = [2 0 1];

47 disp(a1, ’ Nu l l space o f (T− I ) i . e b a s i s o f W1 i s
spanned by a1 = ’ );

48 disp( ’ Nu l l space o f (T− 2 I ) i . e . b a s i s o f W2 i s
spanned by v e c t o r s x1 , x2 , x3 such tha t x1 = 2 x1 +
2 x3 ’ );

49 disp( ’ One example a r e ; ’ );
50 disp(a2, ’ a2 = ’ );
51 disp(a3, ’ a3 = ’ );
52 disp( ’ The d i a g o n a l matr ix i s : ’ );
53 D = [1 0 0 ;0 2 0;0 0 2];

54 disp(D, ’D = ’ );
55 disp( ’ The s tandard b a s i s matr ix i s denoted as : ’ );
56 P = [a1;a2;a3]’;

57 disp(P, ’P = ’ );
58 disp(A*P, ’AP = ’ );
59 disp(P*D, ’PD = ’ );
60 disp( ’ That i s , AP = PD ’ );
61 disp( ’=> i n v e r s e (P) ∗A∗P = D ’ );
62 // end

Scilab code Exa 6.4 Diagonalizable Operator

1 // page 193
2 // Example 6 . 4
3 clc;

4 clear;
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5 close;

6 x = poly(0,”x”);
7 A = [5 -6 -6; -1 4 2; 3 -6 -4]; // Matr ix g i v e n

i n Example 3
8 disp(A, ’A = ’ );
9 f = (x-1)*(x-2)^2;

10 disp( ’ C h a r a c t e r i s t i c po l ynomia l o f A i s : ’ );
11 disp( ’ f = ( x−1) ( x−2)ˆ2 ’ );
12 disp(f, ’ i . e . , f = ’ );
13 p = (x-1)*(x-2);

14 disp((A-eye(3,3))*(A-2 * eye(3,3)), ’ (A−I ) (A−2I ) = ’ )
;

15 disp( ’ S ince , (A−I ) (A−2I ) = 0 . So , Minimal po lynomia l
f o r above i s : ’ );

16 disp(p, ’ p = ’ );
17 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
18 A = [3 1 -1; 2 2 -1;2 2 0]; // Matr ix g i v e n i n

Example 2
19 disp(A, ’A = ’ );
20 f = (x-1)*(x-2)^2;

21 disp( ’ C h a r a c t e r i s t i c po l ynomia l o f A i s : ’ );
22 disp( ’ f = ( x−1) ( x−2)ˆ2 ’ );
23 disp(f, ’ i . e . , f = ’ );
24 disp((A-eye(3,3))*(A-2 * eye(3,3)), ’ (A−I ) (A−2I ) = ’ )

;

25 disp( ’ S ince , (A−I ) (A−2I ) i s not e q u a l to 0 . T i s not
d i a g o n a l i z a b l e . So , Minimal po lynomia l cannot be
p . ’ );

26 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
27 A = [0 -1;1 0];

28 disp(A, ’A = ’ );
29 f = x^2 + 1;

30 disp( ’ C h a r a c t e r i s t i c po l ynomia l o f A i s : ’ );
31 disp(f, ’ f = ’ );
32 disp(A^2 + eye(2,2), ’Aˆ2 + I = ’ );
33 disp( ’ S ince , Aˆ2 + I = 0 , so minimal po lynomia l i s ’ )

;

34 p = x^2 + 1;

52



35 disp(p, ’ p = ’ );
36 // end

Scilab code Exa 6.5 Characteristic Polynomial of matrix

1 // page 197
2 // Example 6 . 5
3 clc;

4 clear;

5 close;

6 A = [0 1 0 1;1 0 1 0;0 1 0 1;1 0 1 0];

7 disp(A, ’A = ’ );
8 disp( ’ Computing powers on A: ’ );
9 disp(A*A, ’Aˆ2 = ’ );
10 disp(A*A*A, ’Aˆ3 = ’ );
11 deff( ’ [ p ] = p ( x ) ’ , ’ p = xˆ3 − 4∗x ’ );
12 disp( ’ i f p = xˆ3 − 4x , then ’ );
13 disp(p(A), ’ p (A) = ’ );
14 x = poly(0,”x”);
15 f = x^3 - 4*x;

16 disp(f, ’ Minimal po lynomia l f o r A i s : ’ );
17 disp(roots(f), ’ C h a r a c t e r i s t i c v a l u e s f o r A a r e : ’ );
18 disp(rank(A), ’ Rank (A) = ’ );
19 disp(round(poly(A,”x”)), ’ So , from theorem 2 ,

c h a r a c t e r i s t i c po lynomia l f o r A i s : ’ );
20 // end

Scilab code Exa 6.12 Symmetric and skew symmetric matrix

1 // page 210
2 // Example 6 . 1 2
3 clc;

4 clear;
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5 close;

6 A = round(rand (3,3) * 10);

7 disp(A, ’A = ’ );
8 disp( ’A t r a n s p o s e i s : ’ );
9 disp(A’, ’A ’ ’ = ’ );
10 if A’ == A then

11 disp( ’ S ince , A ’ ’ = A, A i s a symmetr ic matr ix . ’ )
;

12 else

13 disp( ’ S ince , A ’ ’ i s not e q u a l to A, A i s not a
symmetr ic matr ix . ’ );

14 end

15 if A’ == -A then

16 disp( ’ S ince , A ’ ’ = −A, A i s a skew−symmetr ic
matr ix . ’ );

17 else

18 disp( ’ S ince , A ’ ’ i s not e q u a l to −A, A i s not a
skew−symmetr ic matr ix . ’ );

19 end

20 A1 = 1/2*(A + A’);

21 A2 = 1/2*(A - A’);

22 disp( ’A can be e x p r e s s e d as sum o f A1 and A2 ’ );
23 disp( ’ i . e . , A = A1 + A2 ’ );
24 disp(A1, ’A1 = ’ );
25 disp(A2, ’A2 = ’ );
26 disp(A1 + A2, ’A1 + A2 = ’ );
27 // end
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Chapter 7

The Rational and Jordan Forms

Scilab code Exa 7.3 Linear operator annihilator

1 // page 239
2 // Example 7 . 3
3 clc;

4 clear;

5 close;

6 A = [5 -6 -6;-1 4 2;3 -6 -4];

7 disp(A, ’A = ’ );
8 f = poly(A,”x”);
9 disp( ’ C h a r a c t e r i s t i c po l ynomia l f o r l i n e a r o p e r a t o r

T on Rˆ3 w i l l be : ’ );
10 disp(f, ’ f = ’ );
11 disp( ’ o r ’ );
12 disp( ’ ( x−1) ( x−2)ˆ2 ’ );
13 x = poly(0,”x”);
14 disp( ’ The minimal po lynomia l f o r T i s : ’ );
15 p = (x-1)*(x-2);

16 disp(p, ’ p = ’ );
17 disp( ’ o r ’ );
18 disp( ’ p = ( x−1) ( x−2) ’ );
19 disp( ’ So i n c y c l i c d e c o m p o s i t i o n o f T, a1 w i l l have

p as i t s T−a n n i h i l a t o r . ’ );

55



20 disp( ’ Another v e c t o r a2 tha t g e n e r a t e c y c l i c
subspace o f d imens ion 1 w i l l have i t s T−
a n n i h i l a t o r as p2 . ’ );

21 p2 = x-2;

22 disp(p2, ’ p2 = ’ );
23 disp(p*p2, ’ pp2 = ’ );
24 disp( ’ i . e . , pp2 = f ’ );
25 disp( ’ The r e f o r e , A i s s i m i l a r to B ’ );
26 B = [0 -2 0;1 3 0;0 0 2];

27 disp(B, ’B = ’ );
28 disp( ’ Thus , we can s e e t h e t Matr ix o f T i n o r d e r e d

b a s i s i s B ’ );
29 // end

Scilab code Exa 7.6 Characteristic and minimal polynomial of matrix

1 // page 247
2 // Example 7 . 6
3 clc;

4 clear;

5 close;

6 disp( ’A = ’ );
7 disp( ’ 2 0 0 ’ );
8 disp( ’ a 2 0 ’ );
9 disp( ’ b c −1 ’ );
10 a = 1;

11 b = 0;

12 c = 0;

13 A = [2 0 0;a 2 0;b c -1];

14 disp(A, ’A = ’ );
15 disp( ’ C h a r a c t e r i s t i c po l ynomia l f o r A i s : ’ );
16 disp(poly(A,”x”), ’ p = ’ );
17 disp( ’ In t h i s case , minimal po lynomia l i s same as

c h a r a c t e r i s t i c po lynomia l . ’ );
18 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
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19 a = 0;

20 b = 0;

21 c = 0;

22 A = [2 0 0;a 2 0;b c -1];

23 disp(A, ’A = ’ );
24 disp( ’ C h a r a c t e r i s t i c po l ynomia l f o r A i s : ’ );
25 disp(poly(A,”x”), ’ p = ’ );
26 disp( ’ In t h i s case , minimal po lynomia l i s : ’ );
27 disp( ’ ( x−2) ( x+1) ’ );
28 disp( ’ o r ’ );
29 x = poly(0,”x”);
30 s = (x-2)*(x+1);

31 disp(s);

32 disp( ’ (A−2I ) (A+I ) = ’ );
33 disp( ’ 0 0 0 ’ );
34 disp( ’ 3a 0 0 ’ );
35 disp( ’ ac 0 0 ’ );
36 disp( ’ i f a = 0 , A i s s i m i l a r to d i a g o n a l matr ix . ’ )
37 // end

Scilab code Exa 7.7 Characteristic and minimal polynomial of matrix

1 // page 247
2 // Example 7 . 7
3 clc;

4 clear;

5 close;

6 disp( ’A = ’ );
7 disp( ’ 2 0 0 0 ’ );
8 disp( ’ 1 2 0 0 ’ );
9 disp( ’ 0 0 2 0 ’ );
10 disp( ’ 0 0 a 2 ’ );
11 disp( ’ C o n s i d e r i n g a = 1 ’ );
12 A = [2 0 0 0;1 2 0 0;0 0 2 0;0 0 1 2];

13 p = poly(A,”x”);
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14 disp( ’ C h a r a c t e r i s t i c po l ynomia l f o r A i s : ’ );
15 disp(p, ’ p = ’ );
16 disp( ’ o r ’ );
17 disp( ’ ( x−2)ˆ4 ’ );
18 disp( ’ Minimal po lynomia l f o r A = ’ );
19 disp( ’ ( x−2)ˆ2 ’ );
20 disp( ’ For a = 0 and a = 1 , c h a r a c t e r i s t i c and

minimal po lynomia l a r e same . ’ );
21 disp( ’ But f o r a=0 , the s o l u t i o n space o f (A − 2 I )

has 3 d imens ion whereas f o r a = 1 , i t has 2
d imens ion . ’ )

22 // end
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Chapter 8

Inner Product Spaces

Scilab code Exa 8.1 Standard Inner Product

1 // page 271
2 // Example 8 . 1
3 clc;

4 clear;

5 close;

6 n = round(rand() * 10 + 2);

7 a = round(rand(1,n) * 10)

8 b = round(rand(1,n) * 10)

9 disp(n, ’ n = ’ );
10 disp(a, ’ a = ’ );
11 disp(b, ’ b = ’ );
12 disp(a*b’, ’ Then , ( a | b ) = ’ );
13 // end

Scilab code Exa 8.2 Standard Inner Product

1 // page 271
2 // Example 8 . 2
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3 clc;

4 clear;

5 close;

6 a = round(rand (1,2) * 10)

7 b = round(rand (1,2) * 10)

8 disp(a, ’ a = ’ );
9 disp(b, ’ b = ’ );
10 x1 = a(1);

11 x2 = a(2);

12 y1 = b(1);

13 y2 = b(2);

14 t = x1*y1 - x2*y1 - x1*y2 + 4*x2*y2;

15 disp(t, ’ Then , a | b = ’ );
16 // end

Scilab code Exa 8.9 Standard Inner Product

1 // page 278
2 // Example 8 . 9
3 clc;

4 clear;

5 close;

6 a = round(rand (1,2) * 10);

7 x = a(1);

8 y = a(2);

9 b = [-y x];

10 disp(a, ’ ( x , y ) = ’ );
11 disp(b, ’ (−y , x ) = ’ );
12 disp( ’ I n n e r product o f t h e s e v e c t o r s i s : ’ );
13 t = -x*y + y*x;

14 disp(t, ’ ( x , y ) |(−y , x ) = ’ );
15 disp( ’ So , t h e s e a r e o r t h o g o n a l . ’ );
16 disp( ’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );
17 disp( ’ I f i n n e r product i s d e f i n e d as : ’ );
18 disp( ’ ( x1 , x2 ) | ( y1 , y2 ) = x1y1− x2y1 − x1y2 + 4 x2y2 ’ );
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19 disp( ’ Then , ( x , y ) |(−y , x ) = −x∗y+yˆ2−xˆ2+4∗x∗y = 0 i f
, ’ );

20 disp( ’ y = 1/2(−3 + s q r t ( 1 3 ) ) ∗x ’ );
21 disp( ’ o r ’ );
22 disp( ’ y = 1/2(−3 − s q r t ( 1 3 ) ) ∗x ’ );
23 disp( ’ Hence , ’ );
24 if y == 1/2*( -3 + sqrt (13))*x | y == 1/2*( -3 - sqrt

(13))*x then

25 disp(a);

26 disp( ’ i s o r t h o g o n a l to ’ );
27 disp(b);

28 else

29 disp(a);

30 disp( ’ i s not o r t h o g o n a l to ’ );
31 disp(b);

32 end

33 // end

Scilab code Exa 8.12 Orthogonal Vectors

1 // page 282
2 // Example 8 . 1 2
3 clc;

4 clear;

5 close;

6 b1 = [3 0 4];

7 b2 = [-1 0 7];

8 b3 = [2 9 11];

9 disp(b1, ’ b1 = ’ );
10 disp(b2, ’ b2 = ’ );
11 disp(b3, ’ b3 = ’ );
12 disp( ’ Apply ing the Gram−Schmidt p r o c e s s to b1 , b2 , b3 :

’ );
13 a1 = b1;

14 disp(a1, ’ a1 = ’ );
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15 a2 = b2 -((b2*b1 ’) ’/25*b1);

16 disp(a2, ’ a2 = ’ );
17 a3 = b3 -((b3*b1 ’) ’/25*b1) - ((b3*a2 ’) ’/25*a2);

18 disp(a3, ’ a3 = ’ );
19 disp( ’ {a1 , a2 , a3} a r e mutua l ly o r t h o g o n a l and hence

forms o r t h o g o n a l b a s i s f o r Rˆ3 ’ );
20 disp( ’Any a r b i t r a r y v e c t o r {x1 , x2 , x3} i n Rˆ3 can be

e x p r e s s e d as : ’ );
21 disp( ’ y = {x1 , x2 , x3} = (3∗ x1 + 4∗ x3 ) /25∗ a1 + (−4∗x1

+ 3∗ x3 ) /25∗ a2 + x2 /9∗ a3 ’ );
22 x1 = 1;

23 x2 = 2;

24 x3 = 3;

25 y = (3*x1 + 4*x3)/25*a1 + (-4*x1 + 3*x3)/25*a2 + x2

/9*a3;

26 disp(x1, ’ x1 = ’ );
27 disp(x2, ’ x2 = ’ );
28 disp(x3, ’ x3 = ’ );
29 disp(y, ’ y = ’ );
30 disp( ’ i . e . y = [ x1 x2 x3 ] , a c c o r d i n g to above

e q u a t i o n . ’ );
31 disp( ’ Hence , we g e t the or thonorma l b a s i s as : ’ );
32 disp( ’ , ’ ,1/5*a1);
33 disp( ’ , ’ ,1/5*a2);
34 disp (1/9*a3);

35 // end

Scilab code Exa 8.13 Orthogonal Vectors

1 // page 283
2 // Example 8 . 1 3
3 clc;

4 clear;

5 close;

6 A = rand (2,2);
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7 A(1,:) = A(1,:) + 1; // so b1 i s not e q u a l to z e r o
8 a = A(1,1);

9 b = A(1,2);

10 c = A(2,1);

11 d = A(2,2);

12 b1 = A(1,:);

13 b2 = A(2,:);

14 disp(A, ’A = ’ );
15 disp(b1, ’ b1 = ’ );
16 disp(b2, ’ b2 = ’ );
17 disp( ’ Apply ing the o r t h o g o n a l i z a t i o n p r o c e s s to b1 ,

b2 : ’ );
18 a1 = [a b];

19 a2 = (det(A)/(a^2 + b^2))*[-b’ a’];

20 disp(a1, ’ a1 = ’ );
21 disp(a2, ’ a2 = ’ );
22 disp( ’ a2 i s not e q u a l to z e r o i f and on ly i f b1 and

b2 a r e l i n e a r l y independent . ’ );
23 disp( ’ That i s , i f d e t e rminant o f A i s non−z e r o . ’ );
24 // end

Scilab code Exa 8.14 Orthogonal Projection

1 // page 286
2 // Example 8 . 1 4
3 clc;

4 clear;

5 close;

6 v = [-10 2 8];

7 u = [3 12 -1]

8 disp(v, ’ v = ’ );
9 disp(u, ’ v = ’ );

10 disp( ’ Orthogona l p r o j e c t i o n o f v1 on subspace W
spanned by v2 i s g i v e n by : ’ );

11 a = ((u*v’) ’)/(u(1)^2 + u(2)^2 + u(3) ^2) * u;
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12 disp(a);

13 disp( ’ Orthogona l p r o j e c t i o n o f Rˆ3 on W i s the
l i n e a r t r a n s f o r m a t i o n E g i v e n by : ’ );

14 printf( ’ ( x1 , x2 , x3 ) −> (3∗ x1 + 12∗ x2 − x3 ) /%d ∗ (3 12
−1) ’ ,(u(1)^2 + u(2)^2 + u(3)^2));

15 disp( ’ Rank (E) = 1 ’ );
16 disp( ’ N u l l i t y (E) = 2 ’ );
17 // end

Scilab code Exa 8.15 Orthogonal sets

1 // page 288
2 // Example 8 . 1 5
3 clc;

4 clear;

5 close;

6 // pa r t c
7 disp( ’ f = ( s q r t ( 2 ) ∗ co s (2∗ p i ∗ t ) + s q r t ( 2 ) ∗ s i n (4∗ p i ∗ t )

) ˆ2 ’ );
8 disp( ’ I n t e g r a t i o n ( f dt ) i n l i m i t s 0 to 1 = ’ );
9 x0 = 0;

10 x1 = 1;

11 X = integrate( ’ ( s q r t ( 2 ) ∗ co s (2∗%pi∗ t ) + s q r t ( 2 ) ∗ s i n
(4∗%pi∗ t ) ) ˆ2 ’ , ’ t ’ ,x0 ,x1);

12 disp(X);

13 // end

Scilab code Exa 8.17 Inner product space and orthogonal projection

1 // page 294
2 // Example 8 . 1 7
3 // Equat ion g i v e n i n example 14 i s used .
4 clc;
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5 clear;

6 close;

7 function [m] = transform(x,y,z)

8 x1 = 3*x;

9 x2 = 12*y;

10 x3 = -z;

11 m = [x1 x2 x3];

12 endfunction

13

14 disp( ’ Matr ix o f p r o j e c t i o n E i n or thonorma l b a s i s i s
: ’ );

15 t1 = transform (3,3,3);

16 t2 = transform (12 ,12 ,12);

17 t3 = transform (-1,-1,-1);

18 A = [t1; t2; t3];

19 disp(A, ’A = 1/154 ∗ ’ );
20 A1 = (conj(A))’;

21 disp(A1, ’A∗ = ’ );
22 disp( ’ S ince , E = E∗ and A = A∗ , then A i s a l s o the

matr ix o f E∗ ’ );
23 a1 = [154 0 0];

24 a2 = [145 -36 3];

25 a3 = [-36 10 12];

26 disp(a1, ’ a1 = ’ );
27 disp(a2, ’ a2 = ’ );
28 disp(a3, ’ a3 = ’ );
29 disp( ’ {a1 , a2 , a3} i s the b a s i s . ’ );
30 Ea1 = [9 36 -3];

31 Ea2 = [0 0 0];

32 Ea3 = [0 0 0];

33 disp(Ea1 , ’ Ea1 = ’ );
34 disp(Ea2 , ’ Ea2 = ’ );
35 disp(Ea3 , ’ Ea3 = ’ );
36 B = [-1 0 0;-1 0 0;0 0 0];

37 disp( ’ Matr ix B o f E i n the b a s i s i s : ’ );
38 disp(B, ’B = ’ );
39 B1 = (conj(B))’;

40 disp(B1, ’B∗ = ’ );

65



41 disp( ’ S ince , B i s not e q u a l to B∗ , B i s not the
matr ix o f E∗ ’ );

42 // end

Scilab code Exa 8.28 Unitary matrix

1 // page 307
2 // Example 8 . 2 8
3 clc;

4 clear;

5 close;

6 disp( ’ x1 and x2 a r e two r e a l nos . i . e . , x1 ˆ2 + x2 ˆ2
= 1 ’ );

7 x1 = rand();

8 x2 = sqrt(1 - x1^2);

9 disp(x1, ’ x1 = ’ );
10 disp(x2, ’ x2 = ’ );
11 B = [x1 x2 0;0 1 0;0 0 1];

12 disp(B, ’B = ’ );
13 disp( ’ Apply ing Gram−Schmidt p r o c e s s to B : ’ )
14 a1 = [x1 x2 0];

15 a2 = [0 1 0] - x2 * [x1 x2 0];

16 a3 = [0 0 1];

17 disp(a1, ’ a1 = ’ );
18 disp(a2, ’ a2 = ’ );
19 disp(a3, ’ a3 = ’ );
20 U = [a1;a2/x1;a3];

21 disp(U, ’U = ’ );
22 M = [1 0 0;-x2/x1 1/x1 0;0 0 1];

23 disp(M, ’M = ’ )
24 disp(inv(M) * U, ’ i n v e r s e (M) ∗ U = ’ );
25 disp( ’ So , B = i n v e r s e (M) ∗ U ’ );
26 // end
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Chapter 10

Bilinear Forms

Scilab code Exa 10.4 Bilinear Form of vectors

1 // page 363
2 // Example 1 0 . 4
3 clc;

4 clear;

5 close;

6 disp( ’ a = [ x1 x2 ] ’ );
7 disp( ’ b = [ y1 y2 ] ’ );
8 disp( ’ f ( a , b ) = x1∗y1 + x1∗y2 + x2∗y1 + x2∗y2 ’ );
9 disp( ’ so , f ( a , b ) = ’ );

10 disp( ’ [ x1 x2 ] ∗ | 1 1 | ∗ | y1 | ’ );
11 disp( ’ | 1 1 | | y2 | ’ );
12 disp( ’ So the matr ix o f f i n s tandard o r d e r b a s i s B =

{ e1 , e2 } i s : ’ );
13 fb = [1 1;1 1];

14 disp(fb, ’ [ f ]B = ’ );
15 P = [1 1;-1 1];

16 disp(P, ’P = ’ );
17 disp( ’ Thus , [ f ]B ’ ’ = P ’ ’ ∗ [ f ]B∗P ’ );
18 fb1 = P’ * fb * P;

19 disp(fb1 , ’ [ f ]B ’ ’ = ’ );
20 // end
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Scilab code Exa 10.5 Bilinear Form of vectors

1 // page 365
2 // Example 1 0 . 5
3 clc;

4 clear;

5 close;

6 n = round(rand() * 10 + 2);

7 a = round(rand(1,n) * 10);

8 b = round(rand(1,n) * 10);

9 disp(n, ’ n = ’ );
10 disp(a, ’ a = ’ );
11 disp(b, ’ b = ’ );
12 f = a * b’;

13 disp(f, ’ f ( a , b ) = ’ );
14 disp( ’ f i s non−d e g e n e r a t e b i l l i n e a r form on Rˆn . ’ );
15 // end
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