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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

Matrix Notation and Matrix
Multiplication

Scilab code Exa 1.3.1 Breakdown of elimination

1 clear;

2 close;

3 clc;

4 a =[1 1 1;2 2 5;4 6 8]

5 disp( ’ x=[u ; v ;w ] ’ )
6 disp( ’R2=R2−R1 , R3=R3−4∗R1 ’ )
7 a(2,:)=a(2,:) -2*a(1,:);

8 a(3,:)=a(3,:) -4*a(1,:);

9 disp(a);

10 disp( ’R2<−>R3 ’ )
11 b=a(2,:);

12 a(2,:)=a(3,:);

13 a(3,:)=b;

14 disp(a);

15 disp( ’ The system i s now t r i a n g u l a r and the e q u a t i o n s
can be s o l v e d by Back s u b s t i t u t i o n ’ );

16 // end
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Scilab code Exa 1.3.2 Breakdown of elimination

1 clear ;

2 close ;

3 clc ;

4 a =[1 1 1;2 2 5;4 4 8];

5 disp(a, ’ a= ’ );
6 disp( ’ x=[u ; v ;w ] ’ );
7 disp( ’R2=R2−2∗R1 , R3=R3−4∗R1 ’ );
8 a(2,:)=a(2,:) -2*a(1,:);

9 a(3,:)=a(3,:) -4*a(1,:);

10 disp(a);

11 disp( ’No exchange o f e q u a t i o n s can avo id z e r o i n the
second p i v o t p o s i t o n , t h e r e f o r e the e q u a t i o n s

a r e u n s o l v a b l e ’ );
12 // end

Scilab code Exa 1.4.1 Multiplication of Two Matrices

1 clear ;

2 close ;

3 clc ;

4 A=[2 3;4 0];

5 disp(A, ’A= ’ );
6 B=[1 2 0;5 -1 0];

7 disp(B, ’B ’ );
8 disp(A*B, ’AB= ’ )
9 // end
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Scilab code Exa 1.4.2 Multiplication with Row exchange matrix

1 clear;

2 close;

3 clc;

4 A=[2 3;7 8];

5 disp(A, ’A= ’ );
6 P=[0 1;1 0];

7 disp(P, ’P(Row exchange matr ix )= ’ )
8 disp(P*A, ’PA= ’ )
9 // end

Scilab code Exa 1.4.3 Multiplication with Identity Matrix

1 // page 24
2 clear;

3 close;

4 clc;

5 A=[1 2;3 4];

6 disp(A, ’A= ’ );
7 I=eye(2,2);

8 disp(I, ’ I= ’ );
9 disp(I*A, ’ IA= ’ )
10 // end

Scilab code Exa 1.4.4 Marix multiplication not commutative

1 // page 25
2 clear;

3 close;

4 clc;

5 E=eye(3,3);

6 E(2,:)=E(2,:) -2*E(1,:);
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7 disp(E, ’E= ’ );
8 F=eye(3,3);

9 F(3,:)=F(3,:)+F(1,:);

10 disp(F, ’F= ’ );
11 disp(E*F, ’EF= ’ )
12 disp(F*E, ’FE= ’ )
13 disp( ’ Here , EF=FE , so t h i s shows tha t t h e s e two

m a t r i c e s commute ’ )
14 // end

Scilab code Exa 1.4.5 Order of Elimination

1 // page 25
2 clear;

3 close;

4 clc;

5 E=eye(3,3);

6 E(2,:)=E(2,:) -2*E(1,:);

7 disp(E, ’E ’ )
8 F=eye(3,3);

9 F(3,:)=F(3,:)+F(1,:);

10 disp(F, ’F= ’ );
11 G=eye(3,3);

12 G(3,:)=G(3,:)+G(2,:);

13 disp(G, ’G ’ )
14 disp(G*E, ’GE= ’ )
15 disp(E*G, ’EG= ’ )
16 disp( ’ Here EG i s not e q u a l to GE, T h e r e f o r e t h e s e two

m a t r i c e s do not commute and shows tha t most
m a t r i c e s do not commute . ’ )

17 disp(G*F*E, ’GFE= ’ )
18 disp(E*F*G, ’EFG= ’ )
19 disp( ’ The product GFE i s the t r u e o r d e r o f e l i m a t i o n

. I t i s the matr ix tha t t a k e s the o r i g i n a l A to
the upper t r i a n g u l a r U. ’ )

10



20 // end

Scilab code Exa 1.5.1 Triangular factorization

1 // page 34
2 clear;

3 close;

4 clc;

5 A=[1 2;3 8];

6 disp(A, ’A= ’ )
7 [L,U]=lu(A);

8 disp(L, ’L= ’ );
9 disp(U, ’U= ’ )
10 disp( ’LU= ’ )
11 disp(L*U)

12 disp( ’ This shows tha t LU=A ’ )
13 // end

Scilab code Exa 1.5.2 To check LU equals to A

1 // page 34
2 clear;

3 close;

4 clc;

5 A=[0 2;3 4];

6 disp(A, ’A= ’ )
7 disp( ’ Here t h i s cannot be f a c t o r e d i n t o A=LU , ( Needs

a row exchange ) ’ );
8 // end
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Scilab code Exa 1.5.3 To check LU equals to A

1 // page 34
2 clear;

3 close;

4 clc;

5 disp( ’ Given Matr ix : ’ )
6 A=[1 1 1;1 2 2;1 2 3];

7 disp(A, ’A= ’ );
8 [L,U]=lu(A);

9 disp(L, ’L= ’ );
10 disp(U, ’U= ’ );
11 disp(L*U, ’LU= ’ );
12 disp( ’ Here LU=A, from A to U t h e r e a r e s u b t r a c t i o n o f

rows . Frow U to A t h e r e a r e a d d i t i o n s o f rows ’ );
13 // end

Scilab code Exa 1.5.4 If U equals to I then L equals to A

1 // page 34
2 clear;

3 close;

4 clc;

5 a=rand (1);

6 b=rand (1);

7 c=rand (1);

8 L=[1 0 0;a 1 0;b c 1];

9 disp(L, ’L= ’ );
10 U=eye(3,3);

11 disp(U, ’U= ’ );
12 E=[1 0 0;-a 1 0;0 0 1];

13 disp(E, ’E= ’ );
14 F=[1 0 0;0 1 0;-b 0 1];

15 disp(F, ’F= ’ );
16 G=[1 0 0;0 1 0;0 -c 1];
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17 disp(G, ’G= ’ );
18 disp( ’A=inv (E) ∗ i nv (F) ∗ i nv (G) ∗U ’ )
19 A=inv(E)*inv(F)*inv(G)*U;

20 disp(A, ’A= ’ );
21 disp( ’When U i s i d e n t i t y matr ix then L i s same as A ’

);

22 // end

Scilab code Exa 1.5.5 Spilting A to L and U

1 // page 39
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
7 [L,U]=lu(A);

8 disp(U, ’U= ’ );
9 disp(L, ’L= ’ );
10 disp( ’ This shows how a matr ix A with 3 d i a g n o l s has

f a c t o r s L and U with two d i a g n o l s . ’ )
11 // end

Scilab code Exa 1.5.6 Solving for X using L and U

1 // page 36
2 clear;

3 close;

4 clc;

5 a=[1 -1 0 0;-1 2 -1 0;0 -1 2 -1;0 0 -1 2];

6 disp(a, ’ a= ’ )
7 b=[1;1;1;1]

8 disp(b, ’ b= ’ )
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9 disp( ’ Given Equat ion , ax=b ’ )
10 [L,U]=lu(a);

11 disp(U, ’U= ’ );
12 disp(L, ’L= ’ );
13 disp( ’ Augmented Matr ix o f L and b= ’ );
14 A=[L b];

15 disp(A)

16 c=zeros (4,1);

17 n=4;

18 // Algor i thm Find ing the v a l u e o f c
19 c(1)=A(1,n+1)/A(1,1);

20 for i=2:n;

21 sumk =0;

22 for k=1:n-1

23 sumk=sumk+A(i,k)*c(k);

24 end

25 c(i)=(A(i,n+1)-sumk)/A(i,i)

26 end

27 disp(c, ’ c= ’ )
28 x=zeros (4,1);

29 disp( ’ Augmented matr ix o f U and c= ’ )
30 B=[U c];

31 disp(B)

32 // Algor i thm f o r f i n d i n g v a l u e o f x
33 x(n)=B(n,n+1)/B(n,n);

34 for i=n-1: -1:1;

35 sumk =0;

36 for k=i+1:n

37 sumk=sumk+B(i,k)*x(k);

38 end

39 x(i)=(B(i,n+1)-sumk)/B(i,i);

40 end

41 disp(x, ’ x= ’ )
42 // end
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Scilab code Exa 1.5.7 Elimination in a nutshell

1 // page 39
2 clear;

3 close;

4 clc;

5 A=[1 1 1;1 1 3;2 5 8];

6 disp(A, ’A= ’ );
7 [L,U,P]=lu(A);

8 disp(L, ’L= ’ );
9 disp(U, ’U= ’ );
10 disp(P, ’P= ’ );
11 disp(P*A, ’PA= ’ )
12 disp(L*U, ’LU= ’ )
13 disp( ’ This shows tha t PA i s the same as LU ’ )
14 // end

Scilab code Exa 1.6.1 Gauss Jordon method

1 // page 47
2 clear;

3 close;

4 clc;

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

7 disp(A);

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

9 disp( ’ Augmented matr ix : ’ )
10 a=[A eye(n,m)];

11 disp(a)

12 disp( ’R2=R2−2∗R1 , R3=R3−(−2)∗R1 ’ );
13 a(2,:)=a(2,:) -2*a(1,:);

14 a(3,:)=a(3,:) -(-1)*a(1,:);

15 disp(a)

16 disp( ’R3=R3−(−1)∗R2 ’ );
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17 a(3,:)=a(3,:) -(-1)*a(2,:);

18 disp(a, ’ a= ’ )
19 disp(a, ’ [U inv (L) ] : ’ )
20 disp( ’R2=R2−(−2)∗R3 , R1=R1−R3 ’ )
21 a(2,:)=a(2,:) -(-2)*a(3,:);

22 a(1,:)=a(1,:)-a(3,:);

23 disp(a)

24 disp( ’R1=R1−(−1/8)∗R2) ’ )
25 a(1,:)=a(1,:) -(-1/8)*a(2,:);

26 disp(a)

27 a(1,:)=a(1,:)/a(1,1);

28 a(2,:)=a(2,:)/a(2,2);

29 disp( ’ [ I i nv (A) ] : ’ )
30 a(3,:)=a(3,:)/a(3,3);

31 disp(a);

32 disp( ’ i nv (A) : ’ )
33 a(: ,4:6);

34 disp(a(: ,4:6))

Scilab code Exa 1.6.2 Symmetric products

1 // Capt ion : Symmetric Product s
2 // Example : 1 . 6 . 2 −To Find the product o f t r a n s p o s e (R)

and R.
3 // page 51
4 clear;

5 close;

6 clc;

7 R=[1 2];

8 disp(R, ’R= ’ );
9 Rt=R’;

10 disp(Rt, ’ Transpose o f the g i v e n matr ix i s : ’ )
11 disp(R*Rt, ’ The product o f R & t r a n s p o s e (R) i s : ’ )
12 disp(Rt*R, ’ The product o f t r a n s p o s e (R)& R i s : ’ )

13 disp( ’ Rt∗R and R∗Rt a r e not l i k e l y to be e q u a l even

16



i f m==n . ’ )
14 // end
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Chapter 2

Vector Spaces

Scilab code Exa 2.1.1 Vector Spaces and subspaces

1 // page 70
2 clear;

3 close;

4 clc;

5 disp( ’ Cons ide r a l l v e c t o r s i n Rˆ2 whose components
a r e p o s i t i v e or z e r o ’ )

6 disp( ’ The s u b s e t i s f i r s t Quadrant o f x−y plane , the
co−o r d i n a t e s s a t i s f y x>=0 and y>=0. I t i s not a
subspace . ’ )

7 v=[1 ,1];

8 disp(v, ’ I f the Vector= ’ );
9 disp( ’ Taking a s c a l a r , c=−1 ’ )
10 c=-1; // s c a l a r
11 disp(c*v, ’ c ∗v= ’ )
12 disp( ’ I t l i e s i n t h i r d Quadrant i n s t e a d o f f i r s t ,

Hence v i o l a t i n g the r u l e ( i i ) . ’ )
13 // end

Scilab code Exa 2.1.2 Vector Spaces and subspaces
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1 // page 71
2 clear;

3 close;

4 clc;

5 disp( ’ Take v e c t o r space o f 3X3 m a t r i c e s ’ )
6 disp( ’ One p o s s i b l e subspace i s the s e t o f l owe r

t r i a n g u l a r mat r i c e s , Another i s s e t o f symmetr ic
m a t r i c e s ’ )

7 disp( ’A+B, cA a r e both l owe r t r i a n g u l a r i f A and B
a r e l owe r t r i a n g u l a r , and a r e symmetr ic i f A and
B a r e symmetr ic and Zero matr ix i s i n both
s u b s p a c e s ’ )

Scilab code Exa 2.3.1 Linear Independence

1 // page 92
2 clear;

3 close;

4 clc;

5 disp( ’ For l i n e a r independence , C1V1+C2V2 + . . . . . . CkVk=0
’ )

6 disp( ’ I f we choo s e V1=z e r o vec to r , then the s e t i s
l i n e a r l y dependent .We may choos e C1=3 and a l l
o t h e r Ci =0; t h i s i s a non− t r i v a l s o l u t i o n tha t
p roduce s z e r o . ’ )

7 // end

Scilab code Exa 2.3.2 Linear Independence

1 // page 92
2 clear;

3 close;

4 clc;
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5 A=[1 3 3 2;2 6 9 5;-1 -3 3 0];

6 disp( ’ Given matr ix : ’ )
7 disp(A)

8 B=A;

9 disp( ’C2−>C2−3∗C1 ’ )
10 A(:,2)=A(:,2) -3*A(:,1);

11 disp(A)

12 disp( ’ Here , C2=3∗C1 , T h e r e f o r e the columns a r e
l i n e a r l y dependent . ’ )

13 disp( ’R3−>R3−2∗R2+5∗R1 ’ )
14 B(3,:)=B(3,:) -2*B(2,:)+5*B(1,:);

15 disp(B)

16 disp( ’ Here R3=R3−2∗R2+5∗R1 , t h e r e f o r e the rows a r e
l i n e a r l y dependent . ’ )

17 // end

Scilab code Exa 2.3.3 Linear Independence

1 clear;

2 close;

3 clc;

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

5 disp(A, ’A= ’ );
6 disp( ’ The columns o f the t r i a n g u l a r matr ix a r e

l i n e a r l y independent , i t has no z e r o s on the
d i a g o n a l ’ );

7 // end

Scilab code Exa 2.3.4 Linear Independence

1 // page 93
2 clear;

3 close;
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4 clc;

5 disp( ’ The columns o f the nxn i d e n t i t y matr ix a r e
independent . ’ )

6 n=input( ’ Enter n : ’ );
7 I=eye(n,n);

8 disp(I, ’ I= ’ );
9 // end

Scilab code Exa 2.3.5 Linear Independence

1 // page 93
2 clear;

3 close;

4 clc;

5 disp( ’ Three columns i n R2 cannot be independent . ’ )
6 A=[1 2 1;1 2 3];

7 disp(A, ’ Given matr ix : ’ )
8 [L,U]=lu(A);

9 disp(U, ’U= ’ );
10 disp( ’ I f c3 i s 1 , then back−s u b s t i t u t i o n Uc=0 g i v e s

c2=−1, c1 =1 ,With t h e s e t h r e e we ights , the f i r s t
column minus the second p l u s the t h i r d e q u a l s
z e r o , t h e r e f o r e l i n e a r l y dependent . ’ )

Scilab code Exa 2.3.6 Linear Independence

1 // page 93
2 clear;

3 close;

4 clc;

5 disp( ’ The v e c t o r s w1 =(1 ,0 , 0 ) ,w2 =(0 ,1 , 0 ) ,w3=(−2 ,0 ,0)
span a p l ane ( x−y p l ane ) i n R3 . The f i r s t two
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v e c t o r s a l s o span t h i s p lane , whereas w1 and w3
span on ly a l i n e . ’ );

6 // end

Scilab code Exa 2.3.7 Linear Independence

1 // page 93
2 clear;

3 close;

4 clc;

5 disp( ’ The column space o f A i s e x c a t l y the space
tha t i s spanned by i t s columns . The row space i s
spanned by the rows . The d e f i n i t i o n i s made to
o r d e r . M u l t i p l y i n g A by any x g i v e s a combinat i on
o f columns ; i t i s a v e c t o r Ax i n the column space
. The c o o r d i n a t e v e c t o r s e 1 , . . . . e n coming from
the i d e n t i t y matr ix span Rn . Every v e c t o r b=( b 1
. . . . . , b n ) i s a combinat ion o f t h o s e columns . In
t h i s example the w e i g h t s a r e the components b i
t h e m s e l v e s : b=b 1 e 1 + . . . . . + b ne n . But the columns
o f o t h e r m a t r i c e s a l s o span R . ’ )

6 // end

Scilab code Exa 2.3.8 Basis for a vector space

1 // page 93
2 clear;

3 close;

4 clc;

5 disp( ’ Here , the v e c t o r v1 by i t s e l f i s l i n e a r l y
independent , but i t f a i l s to span R2 . The t h r e e
v e c t o r s v1 , v2 , v3 c e r t a i n l y span R2 , but a r e not
independent . Any two o f t h e s e v e c t o r s say v1 and
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v2 have both p r o p e r t i e s −they span and they a r e
independent . So they form a b a s i s . (A v e c t o r space
does not have a un ique b a s i s ) ’ )

6 // end

Scilab code Exa 2.3.9 Basis for a vector space

1 // page 96
2 clear;

3 close;

4 clc;

5 disp( ’ These f o u r columns span the column space U, but
they a r e not independent . ’ )

6 U=[1 3 3 2;0 0 3 1;0 0 0 0];

7 disp(U, ’U= ’ );
8 disp( ’ The columns tha t c o n t a i n s p i v o t s ( he r e 1 s t & 3

rd ) a r e a b a s i s f o r the column space . These
columns a r e independent , and i t i s ea sy to s e e
tha t they span the space . In f a c t , the column space

o f U i s j u s t the x−y p l ane w i th inn R3 . C(U) i s
not the same as the column space C(A) b e f o r e
e l i m i n a t i o n −but the number o f i ndependent columns

d id not change . ’ )

Scilab code Exa 2.4.1 The four fundamental subspaces

1 // page 107
2 clear;

3 close;

4 clc;

5 A=[1 2;3 6];

6 disp(A, ’A= ’ );
7 [m,n]=size(A);
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8 disp(m, ’m= ’ );
9 disp(n, ’ n= ’ );
10 [v,pivot]=rref(A);

11 r=length(pivot);

12 disp(r, ’ rank= ’ )
13 cs=A(:,pivot);

14 disp(cs, ’ Column space= ’ );
15 ns=kernel(A);

16 disp(ns, ’ Nu l l space= ’ );
17 rs=v(1:r,:) ’;

18 disp(rs, ’Row space= ’ )
19 lns=kernel(A’);

20 disp(lns , ’ L e f t n u l l s apce= ’ );

Scilab code Exa 2.4.2 Inverse of a mxn matrix

1 // page 108
2 clear;

3 close;

4 clc;

5 A=[4 0 0;0 5 0];

6 disp(A, ’A= ’ );
7 [m,n]=size(A);

8 disp(m, ’m= ’ );
9 disp(n, ’ n= ’ )
10 r=rank(A);

11 disp(r, ’ rank= ’ );
12 disp( ’ s i n c e m=r=2 , t h e r e e x i s t s a r i g h t i n v e r s e . ’ );
13 C=A’*inv(A*A’);

14 disp(C, ’ Best r i g h t i n v e r s e= ’ )
15 // end

Scilab code Exa 2.5.1 Networks and discrete applied mathematics
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1 // page 121
2 clear;

3 close;

4 clc;

5 disp( ’ Apply ing c u r r e n t law A ’ ’ y=f at nodes 1 , 2 , 3 : ’ )
6 A=[-1 1 0;0 -1 1; -1 0 1;0 0 -1;-1 0 0];

7 disp(A’, ’A ’ ’= ’ );
8 C=diag(rand (5,1)); // Taking some v a l u e s f o r the

r e s i s t a n c e s .
9 b=zeros (5,1);

10 b(3,1)=rand (1);// Taking some v a l u e o f the b a t t e r y .
11 f=zeros (3,1);

12 f(2,1)=rand (1);// Taking some v a l u e o f the c u r r e n t
s o u r c e .

13 B=[b;f];

14 disp( ’ The o t h e r e q u a t i o n i s inv (C) y+Ax=b . The b l o c k
form o f the two e q u a t i o n s i s : ’ )

15 C=[inv(C) A;A’ zeros (3,3)];

16 disp(C);

17 X=[ ’ y1 ’ ; ’ y2 ’ ; ’ y3 ’ ; ’ y4 ’ ; ’ y5 ’ ; ’ x1 ’ ; ’ x2 ’ ; ’ x3 ’ ];
18 disp(X, ’X= ’ )
19 X=C\B;

20 disp(X, ’X= ’ );
21 // end
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Chapter 3

Orthogonality

Scilab code Exa 3.1.1 Orthogonal vectors

1 // page 143
2 clear;

3 close;

4 clc;

5 x1=[2;2; -1];

6 disp(x1, ’ x1= ’ );
7 x2=[ -1;2;2];

8 disp(x2, ’ x2= ’ );
9 disp(x1 ’*x2, ’ x1 ’ ’ ∗x2= ’ );

10 disp( ’ The r e f o r e , X1 i s o r t h o g o n a l to x2 . Both have
l e n g t h o f s q r t ( 1 4 ) . ’ )

Scilab code Exa 3.1.2 Orthogonal vectors

1 // page 144
2 clear;

3 close;

4 clc;
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5 disp( ’ Suppose V i s a p l ane spanned by v1 =(1 , 0 , 0 , 0 )
and v2 =(1 , 1 , 0 , 0 ) . I f W i s the l i n e spanned by w
=(0 , 0 , 4 , 5 ) , then w i s o r t h o g o n a l to both v ’ ’ s . The
l i n e W w i l l be o r t h o g o n a l to the whole p l ane V. ’ )

Scilab code Exa 3.1.3 Orthogonal vectors

1 // page 145
2 clear;

3 close;

4 clc;

5 A=[1 3;2 6;3 9];

6 disp(A, ’A= ’ );
7 ns=kernel(A);

8 disp(ns, ’ Nu l l space= ’ );
9 disp(A(1,:)*ns , ’A( 1 , : ) ∗ns= ’ );
10 disp(A(2,:)*ns , ’A( 2 , : ) ∗ns= ’ );
11 disp(A(3,:)*ns , ’A( 3 , : ) ∗ns= ’ );
12 disp( ’ This shows tha t the n u l l space o f A i s

o r t h o g o n a l to the row space . ’ );
13 // end

Scilab code Exa 3.2.1 Projections onto a line

1 // page 155
2 clear;

3 close;

4 clc;

5 b=[1;2;3];

6 disp(b, ’ b= ’ );
7 a=[1;1;1];

8 disp(a, ’ a= ’ )
9 x=(a’*b)/(a’*a)

27



10 disp(x*a, ’ P r o j e c t i o n p o f b onto the l i n e through a
i s xˆ∗a= ’ );

11 disp((a’*b)/(sqrt(a’*a)*sqrt(b’*b)), ’ c o s ( the tha )= ’ );
12 // end

Scilab code Exa 3.2.2 Projections onto a line

1 // page 156
2 clear;

3 close;

4 clc;

5 a=[1;1;1];

6 disp(a, ’ a= ’ );
7 P=(a*a’)/(a’*a);

8 disp(P, ’ Matr ix tha t p r o j e c t s onto a l i n e through a
=(1 ,1 , 1 ) i s ’ );

9 // end

Scilab code Exa 3.2.3 Projections onto a line

1 // page 156
2 clear;

3 close;

4 clc;

5 thetha =45; // Taking some v a l u e f o r the tha
6 a=[cos(thetha);sin(thetha)];

7 disp(a, ’ a= ’ );
8 P=(a*a’)/(a’*a);

9 disp(P, ’ P r o j e c t i o n o f l i n e onto the thetha−d i r e c t i o n
( the tha taken as 45) i n the x−y p l ane p a s s i n g
through a i s ’ );

10 // end
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Scilab code Exa 3.3.1 Projection matrices

1 // page 165
2 clear;

3 close;

4 clc;

5 A=rand (4,4);

6 disp(A, ’A= ’ );
7 P=A*inv(A’*A)*A’;

8 disp( ’P=A∗ i nv (A ’ ’ ∗A) ∗A ’ );
9 disp(P, ’ P r o j e c t i o n o f a i n v e r t i b l e 4 x4 matr ix on to

the whole space i s : ’ );
10 disp( ’ I t s i d e n t i t y matr ix . ’ )
11 // end

Scilab code Exa 3.3.2 Least squares fitting of data

1 // page 166
2 clear;

3 close;

4 clc;

5 disp( ’ b=C+Dt ’ );
6 disp( ’Ax=b ’ );
7 A=[1 -1;1 1;1 2];

8 disp(A, ’A= ’ );
9 b=[1;1;3];

10 disp(b, ’ b= ’ );
11 disp( ’ I f Ax=b cou ld be s o l v e d then they would be no

e r r o r s , they can ’ ’ t be s o l v e d because the p o i n t s
a r e not on a l i n e . T h e r e f o r e they a r e s o l v e d by
l e a s t s q u a r e s . ’ )

12 disp( ’ so ,A ’ ’Axˆ=A ’ ’ b ’ );
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13 x=zeros (1,2);

14 x=(A’*A)\(A’*b);

15 disp(x(1,1), ’Cˆ = ’ );
16 disp(x(2,1), ’Dˆ= ’ );
17 disp( ’ The b e s t l i n e i s 9/7+4/7 t ’ )
18 // end

Scilab code Exa 3.4.1 Orthogonal matrices

1 // page 175
2 clear;

3 close;

4 clc;

5 thetha =45; // Taking some v a l u e f o r the tha .
6 Q=[cos(thetha) -sin(thetha);sin(thetha) cos(thetha)

];

7 disp(Q, ’Q= ’ );
8 disp(Q’, ’Q ’ ’=inv (Q)= ’ );
9 disp( ’Q r o t a t e s eve ry v e c t o r through an a n g l e thetha

, and Q ’ ’ r o t a t e s i t back through −the tha . The
columns a r e c l e a r l y o r t h o g o n a l and they a r e
or thonorma l because s i n ˆ2( t h e t a )+co s ˆ2( the tha ) =1.
’ );

10 // end

Scilab code Exa 3.4.2 Orthogonal matrices

1 // page 175
2 clear;

3 close;

4 clc;

5 disp( ’Any permutat ion matr ix i s an o r t h o g o n a l matr ix
. The columns a r e c e r t a i n l y u n i t v e c t o r s and
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c e r t a i n l y o r thogona l−because the 1 appea r s i n a
d i f f e r n t p l a c e i n each column ’ )

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

7 disp(P, ’P= ’ );
8 disp(P’, ’ i nv (P)=P ’ ’= ’ );
9 disp(P’*P, ’And , P ’ ’ ∗P= ’ );
10 // end

Scilab code Exa 3.4.3 Projection onto a plane

1 // page 175
2 clear;

3 close;

4 clc;

5 disp( ’ I f we p r o j e c t b=(x , y , z ) onto the x−y p l ane
then i t s p r o j e c t i o n i s p=(x , y , 0 ) , and i s the sum
o f p r o j e c t i o n onto x− any y−axes . ’ )

6 b=rand (3,1);

7 q1 =[1;0;0];

8 disp(q1, ’ q1= ’ );
9 q2 =[0;1;0];

10 disp(q2, ’ q2= ’ );
11 P=q1*q1 ’+q2*q2 ’;

12 disp(P, ’ O v e r a l l p r o j e c t i o n matr ix , P= ’ );
13 disp( ’ and , P [ x ; y ; z ] = [ x ; y ; 0 ] ’ )
14 disp( ’ P r o j e c t i o n onto a p l ane=sum o f p r o j e c t i o n s

onto or thonorma l q1 and q2 . ’ )
15 // end

Scilab code Exa 3.4.4 Least squares fitting of data

1 // page 166
2 clear;
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3 close;

4 clc;

5 disp( ’ y=C+Dt ’ );
6 disp( ’Ax=b ’ );
7 A=[1 -3;1 0;1 3];

8 disp(A, ’A= ’ );
9 y=rand (3,1);

10 disp(y, ’ y= ’ );
11 disp( ’ the columns o f A ar e o r thogona l , so ’ )
12 x=zeros (1,2);

13 disp (([1 1 1]*y)/(A(:,1) ’*A(:,1)), ’Cˆ = ’ );
14 disp (([-3 0 3]*y)/(A(:,2) ’*A(:,2)), ’Dˆ = ’ )
15 disp( ’Cˆ g i v e s the besy f i t ny h o r i z o n t a l l i n e ,

whereas Dˆ t i s the b e s t f i t by a s t r a i g h t l i n e
through the o r i g i n . ’ )

16 // end

Scilab code Exa 3.4.5 Gram Schmidt process

1 // page 166
2 clear;

3 close;

4 clc;

5 A=[1 0 1;1 0 0;2 1 0]; // independent v e c t o r s s t o r e d
i n columns o f A

6 disp(A, ’A= ’ );
7 [m,n]=size(A);

8 for k=1:n

9 V(:,k)=A(:,k);

10 for j=1:k-1

11 R(j,k)=V(:,j)’*A(:,k);

12 V(:,k)=V(:,k)-R(j,k)*V(:,j);

13 end

14 R(k,k)=norm(V(:,k));

15 V(:,k)=V(:,k)/R(k,k);
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16 end

17 disp(V, ’Q= ’ )
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Chapter 4

Determinants

Scilab code Exa 4.3.1 Determinant of a matrix is the product of its pivots

1 clear;

2 close;

3 clc;

4 n=input( ’ Enter the v a l u e o f n : ’ );
5 for i=1

6 for j=i;

7 a(i,j)=2;

8 a(i,j+1)=-1;

9 end

10 end

11 for i=2:n-1

12 for j=i

13 a(i,j-1)=-1;

14 a(i,j)=2;

15 a(i,j+1)=-1;

16 end

17 end

18 for i=n

19 for j=i

20 a(i,j-1)=-1;

21 a(i,j)=2;
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22 end

23 end

24 disp(a, ’ a= ’ );
25 [L,D,U]=lu(a)

26 determinant =1;

27 for i=1:n

28 determinant=determinant*D(i,i);

29 end

30 disp(determinant , ’ Determinant= ’ )
31 // end

Scilab code Exa 4.3.2 Calculation of determinant of a matrix by using cofactors

1 clear;

2 close;

3 clc;

4 disp( ’ For a 3∗3 matr ix : ’ )
5 disp( ’ de t A=a11 ( a22a33−a23a32 )+a12 ( a23a31−a21a33 )+

a13 ( a21a32−a22a31 ) ’ )
6 // end

Scilab code Exa 4.3.3 Calculation of determinant of a matrix by using cofactors

1 // page 214
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
7 [m,n]=size(A)

8 a=A(1,:);

9 c=[];

10 for l=1:4
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11 B=A([1:0 ,2:4] ,[1:l-1,l+1:4]);

12 c1l=(-1) ^(1+l)*det(B);

13 c=[c;c1l];

14 end

15 d=a*c;

16 disp(d)

Scilab code Exa 4.4.1 Inverse of a sum matrix is a difference matrix

1 // 282
2 clear;

3 close;

4 clc;

5 A=[1 1 1;0 1 1;0 0 1];

6 disp(A, ’A= ’ )
7 n=size(A,1); d=1:n-1;

8 B=zeros(n); AA=[A,A;A,A]’;

9 for j=1:n

10 for k=1:n

11 B(j,k)=det(AA(j+d,k+d));

12 end

13 end

14 disp(B, ’ Ad jo in t o f A: ’ );
15 disp(B/det(A), ’ i nv (A) : ’ );
16 // end

Scilab code Exa 4.4.2 Cramers rule

1 // page 222
2 clear;

3 close;

4 clc;

5 // x1+3x2=0

36



6 // 2 x1+4x2=6
7 A=[1 3;2 4];

8 b=[0;6];

9 X1=[0 3;6 4];

10 X2=[1 0;2 6];

11 disp(det(X1)/det(A), ’ x1= ’ );
12 disp(det(X2)/det(A), ’ x2= ’ );
13 // end
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Chapter 5

Eigenvalues and Eigenvectors

Scilab code Exa 5.1.1 Eigenvalues and eigenvectors

1 // page 238
2 clear;

3 close;

4 clc;

5 A=[3 0;0 2];

6 eig=spec(A);

7 [V,Val]=spec(A);

8 disp(eig , ’ E igen v a l u e s : ’ )
9 x1=V(:,1);

10 x2=V(:,2);

11 disp(x1,x2, ’ E igen v e c t o r s : ’ );
12 // end

Scilab code Exa 5.1.2 Eigenvalues and eigenvectors

1 // page 238
2 clear;

3 close;
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4 clc;

5 disp( ’ The e i g e n v a l u e s o f a p r o j e c t i o n matr ix a r e 1
or 0 . ’ )

6 P=[1/2 1/2;1/2 1/2];

7 eig=spec(P);

8 [V,Val]=spec(P);

9 disp(eig , ’ E igen v a l u e s : ’ )
10 x1=V(:,1);

11 x2=V(:,2);

12 disp(x1,x2, ’ E igen v e c t o r s : ’ );
13 // end

Scilab code Exa 5.2.1 Diagonalization

1 // page 238
2 clear;

3 close;

4 clc;

5 A=[1/2 1/2;1/2 1/2];

6 [V,Val]=spec(A);

7 disp(Val , ’ E i g e n v a l u e matr ix : ’ );
8 disp(V, ’ S= ’ );
9 disp(A*V, ’AS=S∗ e i g e n v a l u e m a t r i x ’ )
10 disp( ’ T h e r e f o r e inv ( S ) ∗A∗S=e i g e n v a l u e matr ix ’ )
11 // end

Scilab code Exa 5.2.2 Diagonalization

1 // page 238
2 clear;

3 close;

4 clc;
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5 disp( ’ The e i g e n v a l u e s t h e m s e l v e s a r e not so c l e a r
f o r a r o t a t i o n . ’ )

6 disp( ’ 90 d e g r e e r o t a t i o n ’ )
7 K=[0 -1;1 0];

8 disp(K, ’K= ’ )
9 eig=spec(K);

10 [V,Val]=spec(K);

11 disp(eig , ’ E igen v a l u e s : ’ )
12 x1=V(:,1);

13 x2=V(:,2);

14 disp(x1,x2, ’ E igen v e c t o r s : ’ );
15 // end

Scilab code Exa 5.2.3 Powers and Products

1 // page 249
2 clear;

3 close;

4 clc;

5 disp( ’K i s r o t a t i o n through 90 degree , then Kˆ2 i s
r o t a t i o n through 180 d e g r e e and inv ( k i s r o t a t i o n

through −90 d e g r e e ) ’ )
6 K=[0 -1;1 0];

7 disp(K, ’K= ’ )
8 disp(K*K, ’Kˆ2= ’ )
9 disp(K*K*K, ’Kˆ3= ’ )
10 disp(K^4, ’Kˆ4= ’ )
11 [V,D]=spec(K);

12 disp( ’Kˆ4 i s a comple te r o t a t i o n through 360 d e g r e e .
’ )

13 disp(D, ’ E igen v a l u e matr ix ,D o f K: ’ );
14 disp(D^4, ’ and a l s o Dˆ4= ’ )
15 // end
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Scilab code Exa 5.3.1 Difference equations

1 // page 249
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
7 eig=spec(A);

8 disp(eig , ’ E igen v a l u e s : ’ )
9 [v,D]=spec(A);

10 u0=[v(:,1)]; // Taking u0 as the 1 s t e i g e n Vector .
11 for k=0:5

12 disp(k, ’ k= ’ );
13 u=A*u0;

14 disp(u, ’U( k+1) (K from 0 to 5) ’ )
15 u0=u;

16 end

17 u0=[v(:,2)]; // Taking u0 as the 2nd e i g e n v e c t o r .
18 for k=0:5

19 disp(k, ’ k= ’ );
20 u=A*u0;

21 disp(u, ’U( k+1)= ’ )
22 u0=u;

23 end

Scilab code Exa 5.5.1 Complex matrices

1 // page282
2 clear;

3 close;

4 clc;
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5 i=sqrt(-1);

6 x=3+4*i;

7 disp(x, ’ x= ’ );
8 x_=conj(x);

9 disp(x*x_, ’ xx = ’ );
10 r=sqrt(x*x_);

11 disp(r, ’ r= ’ )
12 // end

Scilab code Exa 5.5.2 Inner product of a complex matrix

1 // 282
2 clear;

3 close;

4 clc;

5 i=sqrt(-1);

6 x=[1 i]’;

7 y=[2+1*i 2-4*i]’;

8 disp(x’*x, ’ Length o f x squared : ’ );
9 disp(y’*y, ’ Length o f y squared : ’ );
10 // end
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Chapter 6

Positive Definite Matrices

Scilab code Exa 6.1.1 Definite versus indefinite

1 // 313
2 clear;

3 close;

4 clc;

5 disp( ’ f ( x , y )=xˆ2−10∗x∗y+yˆ2 ’ );
6 a=1;

7 c=1;

8 deff( ’ [ f ]= f ( x , y ) ’ , ’ f=xˆ2−10∗x∗y+yˆ2 ’ );
9 disp(f(1,1), ’ f ( 1 , 1 )= ’ );
10 disp( ’ The c o n d i t i o n s a>0 and c>0 e n s u r e tha t f ( x , y )

i s p o s i t i v e on the x and y axes . But t h i s
f u n c t i o n i s n e g a t i v e on the l i n e x=y , because b
=−10 overwhelms a and c . ’ );

11 // end

Scilab code Exa 6.1.3 Maxima Minima And Saddle points

1 // 315
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2 clear;

3 close;

4 clc;

5 disp( ’ f ( x , y ) =2∗xˆ2+4∗x∗y+yˆ2 ’ );
6 A=[2 2;2 1];

7 a=1;

8 c=1;

9 b=2;

10 disp(a*c, ’ ac= ’ );
11 disp(b^2, ’ bˆ2= ’ );
12 disp( ’ Sadd l e po int , as ac<bˆ2 ’ );

Scilab code Exa 6.1.4 Maxima Minima And Saddle points

1 // 315
2 clear;

3 close;

4 clc;

5 disp( ’ f ( x , y ) =2∗xˆ2+4∗x∗y+yˆ2 ’ );
6 A=[2 2;2 1];

7 a=0;

8 c=0;

9 b=1;

10 disp(a*c, ’ ac= ’ );
11 disp(b^2, ’ bˆ2= ’ );
12 disp( ’ Sadd l e po int , as ac<bˆ2 ’ );

Scilab code Exa 6.2.2 Maxima Minima And Saddle points

1 // 313
2 clear;

3 close;

4 clc;
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5 disp( ’ f ( x , y )=xˆ2+4∗x∗y+yˆ2 ’ );
6 a=1;

7 c=1;

8 deff( ’ [ f ]= f ( x , y ) ’ , ’ f=xˆ2+4∗x∗y+yˆ2 ’ );
9 disp(f(0,0), ’ f ( 0 , 0 )= ’ )

10 disp( ’ Here 2b=4 i t s t i l l does not e n s u r e a minimum
, the s i g n o f b i s o f no impor tance . N e i t h e r F nor
f has a minimum at ( 0 , 0 ) because f (1 , −1)=−1. ’ )

11 // end

Scilab code Exa 6.3.1 Singular value decomposition

1 // 332
2 clear;

3 close;

4 clc;

5 A=[-1 2 2]’;

6 disp(A, ’A= ’ );
7 [U diagnol V]=svd(A);

8 disp(U, ’U= ’ );
9 disp(diagnol , ’ d i a g n o l= ’ );

10 disp(V’, ’V ’ ’= ’ );
11 disp(U*diagnol*V’, ’A=U∗ d i a g n o l ∗V ’ ’ ’ )
12 // end

Scilab code Exa 6.3.2 Singular value decomposition

1 // 332
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
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7 [U diagnl V]=svd(A);

8 disp(U, ’U= ’ );
9 disp(diagnl , ’ D iagona l= ’ );
10 disp(V’, ’V ’ ’= ’ );
11 disp(U*diagnl*V’, ’A=U∗ d i a g o n a l ∗V ’ ’= ’ )
12 // end

Scilab code Exa 6.3.3 Polar decomposition

1 // 332
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
7 [U S V]=svd(A);

8 Q=U*V’;

9 S=V*S*V’;

10 disp(Q, ’Q= ’ );
11 disp(S, ’ S= ’ );
12 disp(Q*S, ’A=SQ= ’ )
13 // end

Scilab code Exa 6.3.4 Reverse polar decomposition

1 // 332
2 clear;

3 close;

4 clc;

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

6 disp(A, ’A= ’ );
7 [U diag1 V]=svd(A);

8 Q=U*V’;
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9 S=[2 1;1 3];

10 disp(Q, ’Q= ’ );
11 disp(S, ’ S= ’ )
12 disp(S’*Q, ’A=S ’ ’Q= ’ )
13 // end
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Chapter 7

Computations with Matrices

Scilab code Exa 7.4.1 Jacobi Method

1 // page 238
2 clear;

3 close;

4 clc;

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

6 S=[2 0;0 2];

7 T=[0 1;1 0];

8 p=inv(S)*T;

9 b=[2 2]’;

10 x=zeros (2,1);

11 disp(x, ’ i n t i a l v & w: ’ )
12 x_1=zeros (1,2);

13 for k=0:25

14 x_1=p*x+inv(S)*b;

15 x=x_1;

16 disp(k, ’ k= ’ )
17 disp(x_1 , ’ v ( k+1) & w( k+1)= ’ );
18 end
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Scilab code Exa 7.4.2 Gauss Seidel method

1 // page 238
2 clear;

3 close;

4 clc;

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

6 S=[2 0;-1 2];

7 T=[0 1;0 0];

8 b=rand (2,1);

9 p=inv(S)*T;

10 x=zeros (2,1);

11 disp(x, ’ i n t i a l v & w: ’ )
12 x_1=zeros (1,2);

13 for k=0:25

14 x_1=p*x+inv(S)*b;

15 x=x_1;

16 disp(k, ’ k= ’ )
17 disp(x_1 , ’ v ( k+1) & w( k+1)= ’ );
18 end
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Chapter 8

Linear Programming and Game
Theory

Scilab code Exa 8.2.2 Minimize cx subject to x greater than or equal to zero and Ax equals to b

1 // page 238
2 clear;

3 close;

4 clc;

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

6 b=[8 9]’;

7 c=[0 0 7 -1 -3]’;

8 lb=[0 0 0 0 0]’

9 ub=[];

10 [x,lagr ,f]= linpro(c,A,b,lb ,ub);

11 disp(x, ’New c o r n e r : ’ );
12 disp(f, ’Minimum c o s t : ’ );
13 // end
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