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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 IN
LINEAR ALGEBRA

Scilab code Exa 1.1.1 Gaussian Elimination

1 disp( ’ p e r f o rm ing Gauss ian e l i m i n a t i o n ’ )
2 a=[1 5;-2 -7]

3 disp( ’ the co− e f f i c i e n t matr ix i s : ’ )
4 disp(a)

5 b=[7; -5]

6 c=[a b]

7 disp( ’ the augmented matr ix i s : ’ )
8 disp(c)

9 disp( ’R2=R2+2∗R1 ’ )
10 c(2,:)=c(2,:)+2*c(1,:)

11 disp(c)

12 disp( ’R2=(1/3) ∗R2 ’ )
13 c(2,:) =(1/3)*c(2,:)

14 disp(c)

15 disp( ’R1=R1−5∗R2 ’ )
16 c(1,:)=c(1,:) -5*c(2,:)

17 disp(c)

18 x1=c(1,3)/c(1,1)

19 x2=c(2,3)/c(2,2)
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20 printf( ’ the s o l u t i o n i s : x1=%d x2=%d ’ ,x1 ,x2)

Scilab code Exa 1.1.7 Gaussian Elimination Singular case

1 disp( ’ the augmented matr ix i s : ’ )
2 a=[1 7 3 -4;0 1 -1 3;0 0 0 1;0 0 1 -2]

3 disp(a)

4 disp( ’ i n t e r c h an g e R3 and R4 ’ )
5 a([3,4],:)=a([4,3],:)

6 disp(a)

7 disp( ’ from R4 we ge t 0=1 ’ )
8 disp( ’ hence , no s o l u t i o n ’ )

Scilab code Exa 1.1.13 Gaussian Elimination with row exchange

1 disp( ’ the augmented matr ix i s ’ )
2 a=[1 0 -3 8;2 2 9 7;0 1 5 -2]

3 disp(a)

4 disp( ’R2=R2−2∗R1 ’ )
5 a(2,:)=a(2,:) -2*a(1,:)

6 disp(a)

7 disp( ’ i n t e r c h an g e R2 and R3 ’ )
8 a([2,3],:)=a([3,2],:)

9 disp(a)

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

12 disp(a)

13 disp( ’R3=(1/5) ∗R3 ’ )
14 a(3,:) =(1/5)*a(3,:)

15 disp(a)

16 disp( ’R2=R2−5∗R3 and R1=R1+3∗R3 ’ )
17 a(2,:)=a(2,:) -5*a(3,:)

18 a(1,:)=a(1,:)+3*a(3,:)
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19 disp(a)

20 s=[a(1,4);a(2,4);a(3,4)]

21 disp( ’ s o l u t i o n i s ’ )
22 disp(s)

Scilab code Exa 1.1.19 Condition for a solution to exist

1 disp( ’ the augmented matr ix f o r h=2 ’ )
2 a=[1 2 4;3 6 8]

3 disp(a)

4 disp( ’R2−2∗R1 ’ )
5 a(2,:)=a(2,:) -3*a(1,:)

6 disp(a)

7 disp( ’ from R3 we ge t 0=−4 ’ )
8 disp( ’ hence , i f h=2 no s o l u t i o n , e l s e s o l u t i o n

e x i s t s ’ )

Scilab code Exa 1.1.25 Condition for a solution to exist

1 disp( ’ the co− e f f i c i e n t matr ix i s : ’ )
2 a=[1 -4 7;0 3 -5;-2 5 -9]

3 disp(a)

4 disp( ’ l e t g , h , k be the c o n s t a n t s on RHS ’ )
5 disp( ’R3=R3+2∗R1 ’ )
6 a(3,:)=a(3,:)+2*a(1,:)

7 disp(a)

8 disp( ’ the c o n s t a n t s on RHS ar e : g , h , k+2g ’ )
9 disp( ’R3=R3+R2 ’ )

10 a(3,:)=a(3,:)+a(2,:)

11 disp(a)

12 disp( ’ the c o n s t a n t s on RHS ar e : g , h , k+2g+h ’ )
13 disp( ’ f o r s o l u t i o n to e x i s t ’ )
14 disp( ’ from R3 : k+2g+h=0 ’ )
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Scilab code Exa 1.2.7 General solution of the system

1 disp( ’ the augmented matr ix i s ’ )
2 a=[1 3 4 7;3 9 7 6]

3 disp(a)

4 disp( ’R2=R2−3∗R1 ’ )
5 a(2,:)=a(2,:) -3*a(1,:)

6 disp(a)

7 disp( ’ (−1/5)∗R2 ’ )
8 a(2,:)=( -1/5)*a(2,:)

9 disp(a)

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

12 disp( ’ the row reduced form i s : ’ )
13 disp(a)

14 disp( ’ c o r r e s p ond i n g e qua t i o n s a r e ’ )
15 disp( ’ x1+3∗x2=−5 and x3=3 ’ )
16 disp( ’ f r e e v a r i a b l e s : x2 ’ )
17 disp( ’ g e n e r a l s o l u t i o n i s : ’ )
18 disp( ’ x1=−5−3∗x2 , x2 , x3=3 ’ )

Scilab code Exa 1.2.13 General solution of the system

1 disp( ’ the augmented matr ix i s ’ )
2 a=[1 -3 0 -1 0 -2;0 1 0 0 -4 1;0 0 0 1 9 4;0 0 0 0 0

0]

3 disp(a)

4 disp( ’R1=R1+R3 ’ )
5 a(1,:)=a(1,:)+a(3,:)

6 disp(a)

7 disp( ’R1=R1+3∗R2 ’ )

10



8 a(1,:)=a(1,:)+3*a(2,:)

9 disp(a)

10 disp( ’ c o r r e s p ond i n g e qua t i o n s a r e : ’ )
11 disp( ’ x1−3∗x5=5 , x2−4∗x5=1 , x4+9∗x5=4 , and 0=0 ’ )
12 disp( ’ f r e e v a r i a b l e s : x3 , x5 ’ )
13 disp( ’ g e n e r a l s o l u t i o n i s : ’ )
14 disp( ’ x1=5+3∗x5 , x2=1+4∗x5 , x3 , x4=4−9∗x5 , x5 ’ )

Scilab code Exa 1.2.34 Row reduced echelon form

1 disp( ’ the augmented matr ix i s : ’ )
2 a=[1 0 0 0 0 0 0;1 2 4 8 16 32 2.9;1 4 16 64 256

1024 14.8;1 6 36 216 1296 7776 39.6;1 8 64 512

4096 32768 74.3;1 10 10^2 10^3 10^4 10^5 119];

3 disp(a)

4 disp( ’ p e r f o rm ing row t r a n s f o rma t i o n s ’ )
5 for k=2:6

6 a(k,:)=a(k,:)-a(1,:)

7 end

8 disp(a)

9 j=2;

10 for k=3:6

11 a(k,:)=a(k,:)-j*a(2,:)

12 j=j+1;

13 end

14 disp(a)

15 j=[0 0 0 3 6 10];

16 for k=4:6

17 a(k,:)=a(k,:)-j(k)*a(3,:)

18 end

19 disp(a)

20 a(5,:)=a(5,:) -4*a(4,:)

21 a(6,:)=a(6,:) -10*a(4,:)

22 disp(a)

23 a(6,:)=a(6,:) -5*a(5,:)
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24 disp(a)

25 a(6,:)=a(6,:)/a(6,6)

26 disp(a)

27 j=[0 32 960 4800 7680]

28 for k=1:5

29 a(k,:)=a(k,:)-j(k)*a(6,:)

30 end

31 disp(a)

32 a(5,:)=a(5,:)/a(5,5)

33 j=[0 16 224 576]

34 for k=2:4

35 a(k,:)=a(k,:)-j(k)*a(5,:)

36 end

37 a(4,:)=a(4,:)/48

38 a(2,:)=a(2,:) -8*a(4,:)

39 a(3,:)=a(3,:) -48*a(4,:)

40 a(3,:)=a(3,:)/8

41 a(2,:)=a(2,:) -4*a(3,:)

42 a(2,:)=a(2,:)/2

43 disp(a)

44 v=[a(1,7) a(2,7) a(3,7) a(4,7) a(5,7) a(6,7)]

45 p=poly(v,” t ”,” c o e f f ”)
46 disp( ’ p ( t )= ’ )
47 disp(p)

48 disp( ’ p ( 7 . 5 ) =64.6 hundred lb ’ )

Scilab code Exa 1.3.1 Linear combination of two vectors

1 u=[ -1;2]

2 disp( ’ u= ’ )
3 disp(u)

4 v=[-3;-1]

5 disp( ’ v= ’ )
6 disp(v)

7 s=u-2*v
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8 disp( ’ u−2v= ’ )
9 disp(s)

Scilab code Exa 1.3.11 Linear combination of vectors

1 disp( ’ v e c t o r s a1 a2 a3 a r e : ’ )
2 a1=[1 0 -2]

3 disp(a1 ’)

4 a2=[-4 3 8]

5 disp(a2 ’)

6 a3=[2 5 -4]

7 disp(a3 ’)

8 disp( ’ v e c t o r b= ’ )
9 b=[3 -7 -3]

10 disp(b’)

11 disp( ’ the augmented matr ix i s : ’ )
12 a=[1 -4 2 3;0 3 5 -7;-2 8 -4 -3]

13 disp(a)

14 a(3,:)=a(3,:)+2*a(1,:)

15 disp(a)

16 disp( ’ from the e n t r i e s o f l a s t row , the system i s
i n c o n s i s t e n t ’ )

17 disp( ’ hence , b i s not a l i n e a r combinat ion o f a1 a2
and a3 ’ )

Scilab code Exa 1.3.31 Application of Gaussian elimination

1 disp( ’ 1 gram at ( 0 , 1 ) , 1 gram at ( 8 , 1 ) and 1 gram at
( 2 , 4 ) ’ )

2 cm =(1/3) *(1*[0;1]+1*[8;1]+1*[2;4])

3 disp( ’ c e n t r e o f mass i s at ’ )
4 disp(cm)

5 disp( ’ the new we ight o f the system=9 grams ’ )
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6 disp( ’ new c e n t r e o f mass i s a t ’ )
7 s=[2;2]

8 disp(s)

9 disp( ’ l e t w1 , w2 and w3 be the we i gh t s added at ( 0 , 1 )
, ( 8 , 1 ) and ( 2 , 4 ) r e s p e c t i v e l y ’ )

10 disp( ’ hence , w1+w2+w3=6 ’ )
11 disp( ’ u s i n g the fo rmu la f o r the c e n t r e o f mass , we

ge t ’ )
12 disp( ’ 8∗w2+2∗w3=8 and w1+w2+4∗w3=12 ’ )
13 a=[1 1 1 6;0 8 2 8;1 1 4 12]

14 disp( ’ the augmented matr ix i s : ’ )
15 disp(a)

16 disp( ’R3=R3−R1 ’ )
17 a(3,:)=a(3,:)-a(1,:)

18 disp(a)

19 disp( ’R3=(1/3) ∗R3 ’ )
20 a(3,:) =(1/3)*a(3,:)

21 disp(a)

22 disp( ’R2=R2−2∗R3 and R1=R1−R3 ’ )
23 a(2,:)=a(2,:) -2*a(3,:)

24 a(1,:)=a(1,:)-a(3,:)

25 disp(a)

26 disp( ’R1=R1−(1/8) ∗R2 ’ )
27 a(1,:)=a(1,:) -(1/8)*a(2,:)

28 disp(a)

29 disp( ’R2=(1/8) ∗R2 ’ )
30 a(2,:) =(1/8)*a(2,:)

31 disp(a)

32 printf( ’Add %. 1 f grams at ( 0 , 1 ) , %. 1 f grams at ( 8 , 1 )
and %d grams at ( 2 , 4 ) ’ ,a(1,4),a(2,4),a(3,4))

Scilab code Exa 1.4.7 Vectors as columns of a matrix

1 disp( ’ the t h r e e v e c t o r s a r e : ’ )
2 u=[4; -1;7; -4]
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3 v=[ -5;3; -5;1]

4 w=[7; -8;0;2]

5 disp(w,v,u)

6 disp( ’ u v and w form the columns o f A ’ )
7 A=[u v w]

8 disp(A)

9 disp( ’ the augmented matr ix i s : ’ )
10 c=[A [6 -8 0 -7]’]

11 disp(c)

Scilab code Exa 1.4.13 Span of vectors

1 disp( ’ the augmented matr ix i s : ’ )
2 a=[3 -5 0;-2 6 4;1 1 4]

3 disp(a)

4 disp( ’ i n t e r c h an g e R1 and R3 ’ )
5 a([1,3],:)=a([3,1],:)

6 disp(a)

7 disp( ’R2=R2+2∗R1 and R3=R3−3∗R1 ’ )
8 a(2,:)=a(2,:)+2*a(1,:)

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

10 disp(a)

11 disp( ’R3=R3+R2 ’ )
12 a(3,:)=a(3,:)+a(2,:)

13 disp(a)

14 disp( ’ from the e n t r i e s o f l a s t row , the system i s
c o n s i s t e n t ’ )

15 disp( ’ hence , u i s i n the p l ane spanned by the
columns o f a ’ )

Scilab code Exa 1.5.1 Free and pivot variables

1 disp( ’ the augmented matr ix i s : ’ )
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2 a=[2 -5 8 0;-2 -7 1 0;4 2 7 0]

3 disp(a)

4 disp( ’R2=R2+2∗R1 and R3=R3−2∗R1 ’ )
5 a(2,:)=a(2,:)+a(1,:)

6 a(3,:)=a(3,:) -2*a(1,:)

7 disp(a)

8 disp( ’R3=R3+R2 ’ )
9 a(3,:)=a(3,:)+a(2,:)

10 disp(a)

11 disp( ’ on ly two columns have non z e r o p i v o t s ’ )
12 disp( ’ hence , one column i s a f r e e column and

t h e r e f o r e t h e r e e x i s t s a non t r i v i a l s o l u t i o n ’ )

Scilab code Exa 1.5.7 General solution of the system

1 disp( ’ the augmented matr ix i s : ’ )
2 a=[1 3 -3 7 0;0 1 -4 5 0]

3 disp(a)

4 disp( ’R1=R1−3∗R2 ’ )
5 a(1,:)=a(1,:) -3*a(2,:)

6 disp(a)

7 disp( ’ b a s i c v a r i a b l e s : x1 x2 ’ )
8 disp( ’ f r e e v a r i a b l e s : x3 x4 ’ )
9 disp( ’ x1=−9∗x3+8∗x4 ’ )

10 disp( ’ x2=4∗x3−5∗x4 ’ )
11 disp( ’ hence , s o l u t i o n i s ’ )
12 disp( ’ [−9∗x3+8∗x4 4∗x3−5∗x4 x3 x4 ] ’ )

Scilab code Exa 1.5.11 General solution of the system

1 disp( ’ the augmented matr ix i s ’ )
2 a=[1 -4 -2 0 3 -5 0;0 0 1 0 0 -1 0;0 0 0 0 -1 4 0;0

0 0 0 0 0 0]
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3 disp(a)

4 disp( ’R1=R1−3∗R3 ’ )
5 a(1,:)=a(1,:) -3*a(3,:)

6 disp(a)

7 disp( ’R1=R1+2∗R2 ’ )
8 a(1,:)=a(1,:)+2*a(2,:)

9 disp(a)

10 disp( ’ the f r e e v a r i a b l e s a r e : x2 , x4 and x6 ’ )
11 disp( ’ the b a s i c v a r i a b l e s a r e : x1 , x3 and x5 ’ )
12 disp( ’ the s o l u t i o n i s : ’ )
13 disp( ’ [ 4∗ x2−5∗x6 x2 x6 x4 4∗ x6 x6 ] ’ )

Scilab code Exa 1.7.1 Linear independence of vectors

1 disp( ’ g i v en v e c t o r s u , v and w ar e ’ )
2 u=[5 0 0]’

3 disp(u)

4 v=[7 2 -6]’

5 disp(v)

6 w=[9 4 -8]’

7 disp(w)

8 disp( ’ the augmented matr ix i s ’ )
9 a=[5 7 9 0;0 2 4 0;0 -6 -8 0]

10 disp(a)

11 disp( ’R3=R3+3∗R2 ’ )
12 a(3,:)=a(3,:)+3*a(2,:)

13 disp(a)

14 disp( ’ t h e r e a r e no f r e e v a r i a b l e s ’ )
15 disp( ’ hence , the homogeneous equa t i on has on ly

t r i v i a l s o l u t i o n and the v e c t o r s a r e l i n e a r l y
independent ’ )

Scilab code Exa 1.7.7 Linear independence of vectors
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1 disp( ’ the augmented matr ix i s ’ )
2 A=[1 -3 3 -2 0;-3 7 -1 2 0;-4 -5 7 5 0]

3 disp(A)

4 disp( ’ s i n c e t h e r e a r e t h r e e rows , the maximum number
o f p i v o t s can be 3 ’ )

5 disp( ’ hence , a t l e a s t one o f the f o u r v a r i a b l e must
be f r e e ’ )

6 disp( ’ so the e qua t i o n s have non t r i v i a l s o l u t i o n and
the columns o f A a r e l i n e a r l y independent ’ )
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Chapter 2

MATRIX ALGEBRA

Scilab code Exa 2.1.1 Matrix operations

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

2 disp( ’ matr ix A: ’ )
3 disp(A)

4 disp( ’−2A= ’ )
5 disp(-2*A)

6 disp( ’ matr ix B ’ )
7 B=[7 -5 1;1 -4 -3];

8 disp(B)

9 disp( ’B−2A= ’ )
10 disp(B-2*A)

Scilab code Exa 2.2.1 Inverse of a matrix

1 disp( ’ g i v en matr ix : ’ )
2 a=[8 6;5 4];

3 disp(a)

4 disp( ’ i n v e r s e o f the matr ix i s : ’ )
5 disp(inv(a))
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Scilab code Exa 2.2.7 Inverse of a matrix

1 disp( ’ the co− e f f i c i e n t matr ix i s : ’ )
2 a=[1 2;5 12]

3 disp(a)

4 disp( ’ i n v e r s e o f the matr ix i s : ’ )
5 disp(inv(a))

6 disp( ’ s o l u t i o n i s : ’ )
7 b=[ -1;3];

8 c=inv(a);

9 disp(c*b)

Scilab code Exa 2.3.1 Invertibility of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[5 7;-3 -6];

3 disp(a)

4 disp( ’ the columns a r e l i n e r a l y independent ’ )
5 disp( ’ hence , by i n v e r t i b l e matr ix theorem ’ )
6 disp( ’ the matr ix A i s i n v e r t i b l e ’ )

Scilab code Exa 2.3.33 Invertible matrix theorem

1 disp( ’ matr ix A c o r r e s p ond i n g to t r a n s f o rma t i o n T i s :
’ )

2 A=[-5 9;4 -7];

3 disp(A)

4 disp( ’ d e t e rminant o f A i s : ’ )
5 disp(det(A))
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6 disp( ’ s i n c e det (A) i s not equa l to z e r o ’ )
7 disp( ’ by IMT, A i s i n v e r t i b l e ’ )
8 disp( ’ hence , the i n v e r s e o f A e x i s t s ’ )
9 disp( ’ i n v e r s e o f A i s : ’ )

10 disp(inv(A))

Scilab code Exa 2.4.25 Inverse using matrix partition

1 disp( ’ g i v en matr ix i s : ’ )
2 a=[1 2 0 0 0;3 5 0 0 0;0 0 2 0 0;0 0 0 7 8;0 0 0 5

6];

3 disp(a)

4 disp( ’ p a r t i t i o n i n g the matr ix i n t o 4 subma t r i c e s ’ )
5 A11=[a(1 ,1:2);a(2 ,1:2)]

6 disp(A11 , ’A11= ’ )
7 A22=[a(3 ,3:5);a(4 ,3:5);a(5 ,3:5)]

8 disp(A22 , ’A22= ’ )
9 A12=zeros (2,3)

10 disp(A12 , ’A12= ’ )
11 A21=zeros (3,2)

12 disp(A21 , ’A21= ’ )
13 disp( ’ p a r t i t i o n i n g A22 i n t o 4 submat r i c e s ’ )
14 A221 =[2]

15 disp(A221)

16 B=[A22 (2 ,2:3);A22 (3 ,2:3)]

17 disp(B, ’B= ’ )
18 disp(zeros (1,2))

19 disp(zeros (2,1))

20 disp( ’ d e t e rminant o f B= ’ )
21 disp(det(B))

22 disp( ’ Hence , B i s i n v e r t i b l e ’ )
23 disp( ’ i n v e r s e o f B i s ’ )
24 disp(inv(B))

25 disp( ’ d e t e rminant o f i n v e r s e o f B i s : ’ )
26 disp(det(inv(B)))

21



27 disp( ’ hence the i n v e s e o f A22 i s : ’ )
28 c=[det(inv(B)) zeros (1,2);0 3 -4;0 -2.5 3.5];

29 disp(c)

Scilab code Exa 2.5.1 Application of LU decomposition

1 disp( ’ the l owe r t r i a n g u l a r matr ix i s : ’ )
2 L=[1 0 0;-1 1 0;2 -5 1];

3 disp(L)

4 disp( ’ the upper t r i a n g u l a r matr ix i s : ’ )
5 U=[3 -7 -2;0 -2 -1;0 0 -1];

6 disp(U)

7 disp( ’ the RHS o f the e qua t i o n s a r e ’ )
8 b=[ -7;5;2];

9 disp(b)

10 disp( ’ combin ing ma t r i c e s L and b ’ )
11 c=[L b];

12 disp(c)

13 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
14 disp( ’R2=R2+R1 ’ )
15 c(2,:)=c(2,:)+c(1,:)

16 disp(c)

17 disp( ’R3=R3−2∗R1 ’ )
18 c(3,:)=c(3,:) -2*c(1,:)

19 disp(c)

20 disp( ’R3=R3+5∗R2 ’ )
21 c(3,:)=c(3,:)+5*c(2,:)

22 disp(c)

23 y=c(:,4)

24 disp(y, ’ y= ’ )
25 disp( ’ combin ing U and y ’ )
26 d=[U y];

27 disp(d)

28 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
29 disp( ’R3=R3/−6 ’ )
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30 d(3,:)=d(3,:)/(-1)

31 disp(d)

32 disp( ’R2=R2+R3 and R1=R1+2∗R3 ’ )
33 d(2,:)=d(2,:)+d(3,:)

34 d(1,:)=d(1,:)+2*d(3,:)

35 disp(d)

36 disp( ’R1=R1−3.5∗R2 ’ )
37 d(1,:)=d(1,:) -3.5*d(2,:)

38 disp(d)

39 disp( ’R1=R1/3 and R2=R2/−2 ’ )
40 d(1,:)=d(1,:)/3

41 d(2,:)=d(2,:)/(-2)

42 disp(d)

43 disp( ’ the s o l u t i o n i s : ’ )
44 x=d(:,4)

45 disp(x, ’ x= ’ )

Scilab code Exa 2.5.7 LU decomposition of a matrix

1 disp( ’ g i v en matr ix i s : ’ )
2 a=[2 5;-3 -4]

3 d=a;

4 disp(a)

5 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
6 a(2,:)=a(2,:) -(a(2,1)/a(1,1))*a(1,:)

7 disp(a)

8 disp(a)

9 disp( ’ thus , the upper t r i a n g u l a r matr ix i s ’ )
10 U=a;

11 disp(U, ’U= ’ )
12 disp( ’ the l owe r t r i a n g u l a r matr ix i s : ’ )
13 L=[1 0;d(2,1)/d(1,1) 1];

14 disp(L, ’L= ’ )
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Scilab code Exa 2.5.13 LU decomposition of a matrix

1 disp( ’ g i v en matr ix i s : ’ )
2 a=[1 3 -5 -3;-1 -5 8 4;4 2 -5 -7;-2 -4 7 5]

3 d=a;

4 disp(a)

5 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
6 p21=a(2,1)/a(1,1);p31=a(3,1)/a(1,1);p41=a(4,1)/a

(1,1);

7 a(2,:)=a(2,:)-p21*a(1,:)

8 a(3,:)=a(3,:)-p31*a(1,:)

9 a(4,:)=a(4,:)-p41*a(1,:)

10 disp(a)

11 p32=a(3,2)/a(2,2);p42=a(4,2)/a(2,2)

12 a(3,:)=a(3,:)-p32*a(2,:)

13 a(4,:)=a(4,:)-p42*a(2,:)

14 disp(a)

15 disp( ’ thus , l owe r t r i a n g u l a r matr ix i s : ’ )
16 L=[1 0 0 0;p21 1 0 0;p31 p32 1 0;p41 p42 0 1]

17 disp(L, ’L= ’ )
18 disp( ’ Upper t r i a n g u l a r matr ix i s : ’ )
19 disp(a, ’U= ’ )

Scilab code Exa 2.6.1 Application of matrix algebra

1 disp( ’ the consumption matr ix i s : ’ )
2 C=[.1 .6 .6;.3 .2 0;.3 .1 .1];

3 disp(C)

4 disp( ’ Assuming tha t a g r i c u l t u r e p l an s to produce 100
u n i t s and o th e r u n i t s produce no th ing ’ )

5 disp( ’ the p r oduc t i on v e c t o r i s g i v en by ’ )
6 x=[0;100;0];
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7 disp(x, ’ x= ’ )
8 disp( ’ thus the i n t e rmed i a t e demand i s : ’ )
9 disp(C*x)

Scilab code Exa 2.6.7 Application of matrix algebra

1 disp( ’ the consumption matr ix i s : ’ )
2 C=[0 .5;.6 .2];

3 disp(C)

4 disp( ’ the demand f o r 1 un i t o f output s e c t o r 1 ’ )
5 d1 =[1;0]

6 disp(d1)

7 disp( ’ the p r oduc t i on r e q u i r e d to s a t i s f y demand d1
i s : ’ )

8 x1=inv(eye(2,2)-C)*d1

9 disp(x1, ’ x1= ’ )
10 disp( ’ the f i n a l demand i s : ’ )
11 d2 =[51;30]

12 disp(d2, ’ d2= ’ )
13 disp( ’ the p r oduc t i on r e q u i r e d to s a t i s f y demand d2

i s : ’ )
14 x2=inv(eye(2,2)-C)*d2

15 disp(x2, ’ x2= ’ )

Scilab code Exa 2.7.1 Transformation using matrices

1 disp( ’ c o n s i d e r the matr ix ’ )
2 a=[1 .25 0;0 1 0;0 0 1]

3 disp(a)

4 disp( ’ c o n s i d e r a v e c t o r ’ )
5 x=[6;8;0]

6 disp(x)

7 disp( ’ the e f f e c t o f the mat r i c on the v e c t o r i s : ’ )
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8 disp(a*x)

9 disp( ’ now c o n s i d e r the matr ix : ’ )
10 b=[1 .25;0 1]

11 disp(b)

12 disp( ’ c o n s i d e r i n g the same v e c t o r ’ )
13 x1 =[6;8]

14 disp(x1)

15 disp( ’ the e f f e c t o f the new matr ix on the v e c t o r i s :
’ )

16 disp(b*x1)

17 disp( ’ thus we can s e e tha t the two ma t r i c e s have the
same e f f e c t on v e c t o r s ’ )

Scilab code Exa 2.7.7 Transformation using matrices

1 disp( ’ the matr ix i n R2 to r o t a t e a v e c t o r by 60
d e g r e e s i s : ’ )

2 a=[cos(%pi /3) -sin(%pi/3);sin(%pi/3) cos(%pi /3)]

3 disp(a)

4 x=[6;8]

5 disp(x, ’ x= ’ )
6 disp( ’ so the 3X3 matr ix f o r r o t a t i o n about x i s : ’ )
7 y=[1 0 6;0 1 8;0 0 1]

8 z=[1 0 -6;0 1 -8;0 0 1]

9 a=[cos(%pi /3) -sin(%pi/3) 0;sin(%pi /3) cos(%pi/3)

0;0 0 1]

10 R=y*(a*z)

11 disp(R)

Scilab code Exa 2.8.7 Column space of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 A=[2 -3 -4;-8 8 6;6 -7 -7]
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3 disp(A, ’A= ’ )
4 disp( ’ the g i v en v e c t o r i s : ’ )
5 p=[6; -10;11]

6 disp(p, ’ p= ’ )
7 disp( ’ combin ing A and p ’ )
8 b=[A p]

9 disp(b)

10 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
11 b(2,:)=b(2,:) -(b(2,1)/b(1,1))*b(1,:)

12 b(3,:)=b(3,:) -(b(3,1)/b(1,1))*b(1,:)

13 disp(b)

14 b(3,:)=b(3,:) -(b(3,2)/b(2,2))*b(2,:)

15 disp(b)

16 if(b(3,3)==0 & b(3,4) ==0)

17 disp( ’ p l i e s i n column space o f A ’ )
18 else

19 disp( ’ p does not l i e i n column space o f A ’ )
20 end

Scilab code Exa 2.8.23 Pivot columns

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[4 5 9 -2;6 5 1 12;3 4 8 -3]

3 disp(a)

4 disp( ’ p e r f o rm ing row op e r a i o n s ’ )
5 a(2,:)=a(2,:) -(a(2,1)/a(1,1))*a(1,:)

6 a(3,:)=a(3,:) -(a(3,1)/a(1,1))*a(1,:)

7 disp(a)

8 a(3,:)=a(3,:) -(a(3,2)/a(2,2))*a(2,:)

9 disp(a)

10 a(1,:)=a(1,:)/a(1,1)

11 a(2,:)=a(2,:)/a(2,2)

12 disp(a)

13 for i=1:3

14 for j=i:4
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15 if(a(i,j) <>0)

16 disp( ’ i s a p i v o t column ’ ,j, ’ column ’ )
17 break

18 end

19 end

20 end

Scilab code Exa 2.8.25 Pivot columns

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[1 4 8 -3 -7;-1 2 7 3 4;-2 2 9 5 5;3 6 9 -5 -2]

3 disp(a)

4 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
5 a(2,:)=a(2,:) -(a(2,1)/a(1,1))*a(1,:)

6 a(3,:)=a(3,:) -(a(3,1)/a(1,1))*a(1,:)

7 a(4,:)=a(4,:) -(a(4,1)/a(1,1))*a(1,:)

8 disp(a)

9 a(3,:)=a(3,:) -(a(3,2)/a(2,2))*a(2,:)

10 a(4,:)=a(4,:) -(a(4,2)/a(2,2))*a(2,:)

11 disp(a)

12 a(4,:)=a(4,:) -(a(4,4)/a(3,4))*a(3,:)

13 disp(a)

14 for i=1:4

15 for j=i:5

16 if(a(i,j) <>0)

17 disp( ’ i s a p i v o t column ’ ,j, ’ column ’ )
18 break

19 end

20 end

21 end

Scilab code Exa 2.9.13 Dimension of a matrix
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1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[1 -3 2 -4;-3 9 -1 5;2 -6 4 -3;-4 12 2 7]

3 disp(a)

4 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
5 a(2,:)=a(2,:) -(a(2,1)/a(1,1))*a(1,:)

6 a(3,:)=a(3,:) -(a(3,1)/a(1,1))*a(1,:)

7 a(4,:)=a(4,:) -(a(4,1)/a(1,1))*a(1,:)

8 disp(a)

9 a(4,:)=a(4,:) -2*a(2,:)

10 disp(a)

11 a(4,:)=a(4,:)-a(3,:)

12 disp(a)

13 k=0

14 for i=1:4

15 for j=i:4

16 if(a(i,j) <>0)

17 k=k+1

18 break

19 end

20 end

21 end

22 disp(k, ’ d imens ion o f the matr ix= ’ )
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Chapter 3

DETERMINANTS

Scilab code Exa 3.1.1 Determinant of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 A=[3 0 4;2 3 2;0 5 -1]

3 disp(A)

4 disp( ’ c a l c u l a t i n g det (A) u s i n g c o f a c t o r e x p r e s s i o n
a l ong f i r s t row ’ )

5 disp( ’ de t (A)=3 X (−1 X 3−5 X 2)+4 X (2 X 5−3 X 0) ’ )
6 disp(det(A), ’= ’ )

Scilab code Exa 3.1.7 Determinant of a matrix

1 disp( ’ g i v en matr ix i s : ’ )
2 A=[4 3 0;6 5 2;9 7 3]

3 disp(A)

4 disp( ’ c a l c u l a t i n g det (A) u s i n g c o f a c t o r e x p r e s s i o n
a l ong f i r s t row ’ )

5 disp( ’ de t (A)=4 X (5 X 3−7 X 2)−3 X (6 X 3−9 X 2) ’ )
6 disp(det(A), ’= ’ )
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Scilab code Exa 3.1.13 Determinant of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 A=[4 0 -7 3 -5;0 0 2 0 0;7 3 -6 4 -8;5 0 5 2 -3;0 0

9 -1 2]

3 disp(A, ’A= ’ )
4 P=A

5 disp( ’ s i n c e row 2 has maximum ze ro s , u s i n g row 2 f o r
c o f a c t o r e x p r e s s i o n ’ )

6 A(2,:)=[]

7 A(:,3)=[]

8 disp( ’ d e l e t i n g second row and t h i r d column from A,
we ge t ’ )

9 disp(A)

10 disp(A, ’ de t ’ , ’ de t (A)=−2 X ’ )
11 disp( ’ f o r the 4X4 matr ix obta ined , u s i n g column 2

f o r c o f a c t o r exan s i on ’ )
12 disp( ’ d e l e t i n g second column and row from the 4X4

matr ix ’ )
13 A(2,:)=[]

14 A(:,2)=[]

15 disp(A)

16 disp(A, ’ de t ’ , ’ de t (A)=−2 X 3 X ’ )
17 disp( ’−6 X [ 4 X (4−3)−5 X (6−5) ] ’ , ’= ’ )
18 disp(-6*det(A), ’= ’ )

Scilab code Exa 3.1.19 Property of determinants

1 disp( ’ the g i v en matr ix i s : ’ )
2 disp( ’A= ’ )
3 disp( ’ a b ’ )
4 disp( ’ c d ’ )
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5 disp( ’ de t (A)=ad−bc ’ )
6 disp( ’ i n t e r c h a n g i n g the rows o f A, we ge t ’ )
7 disp( ’B= ’ )
8 disp( ’ c d ’ )
9 disp( ’ a b ’ )

10 disp( ’ de t (B)=bc−ad ’ )
11 disp( ’−(ad−bc ) ’ , ’= ’ )
12 disp( ’−det (A) ’ , ’= ’ )
13 disp( ’ i n t e r c h a n g i n g 2 rows r e v e r s e s the s i g n o f the

de t e rminant ’ )
14 disp( ’ a t l e a s t f o r the 2X2 ca s e ’ )

Scilab code Exa 3.1.37 Property of determinants

1 A=[3 1;4 2]

2 disp( ’ the g i v en matr ix i s : ’ )
3 disp(A)

4 disp(det(A), ’ de t (A)= ’ )
5 disp( ’ 5 X A = ’ )
6 disp (5*A)

7 disp(det(5*A), ’ de t (5∗A)= ’ )
8 disp( ’ thus , de t (5A) i s not equa l to 5Xdet (A) ’ )
9 disp( ’ i n f a c t , the r e l a t i o n between det ( rA ) and det (A

) f o r a nxn matr ix i s : ’ )
10 disp( ’ de t ( rA )=( r ˆn ) ∗ det (A) ’ )

Scilab code Exa 3.2.7 Determinant of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 A=[1 3 0 2;-2 -5 7 4;3 5 2 1;1 -1 2 -3]

3 disp(A, ’A= ’ )
4 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
5 A(2,:)=A(2,:) -(A(2,1)/A(1,1))*A(1,:)

32



6 A(3,:)=A(3,:) -(A(3,1)/A(1,1))*A(1,:)

7 A(4,:)=A(4,:) -(A(4,1)/A(1,1))*A(1,:)

8 disp(A)

9 A(3,:)=A(3,:) -(A(3,2)/A(2,2))*A(2,:)

10 A(4,:)=A(4,:) -(A(4,2)/A(2,2))*A(2,:)

11 disp(A)

12 A(4,:)=A(4,:) -(A(4,3)/A(3,3))*A(3,:)

13 disp(A)

14 disp( ’ de t (A) i s the product o f d i a g ona l e n t r i e s ’ )
15 disp(det(A), ’ de t (A)= ’ )

Scilab code Exa 3.2.13 Determinant of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[2 5 4 1;4 7 6 2;6 -2 -4 0;-6 7 7 0]

3 disp(a, ’A= ’ )
4 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
5 a(2,:)=a(2,:) -2*a(1,:)

6 disp(a)

7 disp( ’ u s i n g c o f a c t o r expans i on about f o u r t h column ’ )
8 a(1,:)=[]

9 a(:,4)=[]

10 disp(a, ’ de t ’ , ’ de t (A)= −1 X ’ )
11 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
12 a(3,:)=a(3,:)+a(2,:)

13 disp(a)

14 disp( ’ u s i n g c o f a c t o r expans i on about f i r s t column ’ )
15 a(2,:)=[]

16 a(:,1)=[]

17 disp(a, ’ de t ’ , ’ de t (A)= −1 X −6 X ’ )
18 disp (6*det(a), ’= ’ )

Scilab code Exa 3.2.19 Determinant of a matrix
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1 disp( ’ the g i v en matr ix i s : ’ )
2 disp( ’A= ’ )
3 disp( ’ a b c ’ )
4 disp( ’ 2d+a 2 e+b 2 f+c ’ )
5 disp( ’ g h i ’ )
6 disp( ’B= ’ )
7 disp( ’ a b c ’ )
8 disp( ’ d e f ’ )
9 disp( ’ g h i ’ )

10 disp( ’ g iven , det (B)=7 ’ )
11 disp( ’ p e r f o rm ing row op e r a t i o n s on A ’ )
12 disp( ’R2=R2−R1 ’ )
13 disp( ’A= ’ )
14 disp( ’ a b c ’ )
15 disp( ’ 2d 2 e 2 f ’ )
16 disp( ’ g h i ’ )
17 disp( ’ f a c t o r i n g 2 out o f row 2 ’ )
18 disp( ’A= ’ )
19 disp( ’ 2 X ’ )
20 disp( ’ a b c ’ )
21 disp( ’ d e f ’ )
22 disp( ’ g h i ’ )
23 disp( ’ t h e r e f o r e , det (A)=2 X det (B) ’ )
24 disp( ’=2 X 7 ’ )
25 disp( ’= 14 ’ )

Scilab code Exa 3.2.25 Linear independency using determinants

1 disp( ’ the g i v en v e c t o r s a r e : ’ )
2 v1=[7 -4 -6]’

3 v2=[-8 5 7]’

4 v3=[7 0 -5]’

5 disp(v3, ’ v3= ’ ,v2 , ’ v2= ’ ,v1 , ’ v1= ’ )
6 disp( ’ combin ing them as a matr ix ’ )
7 a=[v1 v2 v3]
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8 disp(a, ’A= ’ )
9 disp( ’ i f de t (A) i s not equa l to zero , then v1 v2 and

v3 a r e l i n e a r l y independent ’ )
10 disp( ’ expanding about t h i r d column ’ )
11 disp( ’ de t (A)=7 X (−28+30) − 5 X (35−32) ’ )
12 disp(det(a), ’= ’ )
13 disp( ’ hence , v1 v2 and v3 a r e l i n e a r l y independent ’ )

Scilab code Exa 3.3.1 Cramers rule

1 disp( ’ the co− e f f i c i e n t matr ix i s : ’ )
2 a=[5 7;2 4]

3 disp(a, ’A= ’ )
4 disp( ’ the RHS i s : ’ )
5 b=[3;1]

6 disp(b)

7 disp( ’ a pp l y i ng cramers r u l e ’ )
8 disp( ’ r e p l a c i n g f i r s t column o f matr ix A by b ’ )
9 A1=[3 7;1 4]

10 disp(A1, ’A1= ’ )
11 disp( ’ r e p l a c i n g second column o f matr ix A by b ’ )
12 A2=[5 3;2 1]

13 disp(A2, ’A2= ’ )
14 disp( ’ x1=det (A1) / det (A) ’ )
15 disp((det(A1)/det(a)), ’= ’ )
16 disp( ’ x2=det (A2) / det (A) ’ )
17 disp((det(A2)/det(a)), ’= ’ )

Scilab code Exa 3.3.13 Inverse of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[3 5 4;1 0 1;2 1 1]

3 disp(a, ’A= ’ )
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4 disp( ’ the c o f a c t o r s a r e : ’ )
5 C11=det([0 1;1 1])

6 disp(C11 , ’ C11= ’ )
7 C12=-det([1 1;2 1])

8 disp(C12 , ’ C12= ’ )
9 C13=det([1 0;2 1])

10 disp(C13 , ’ C13= ’ )
11 C21=-det([5 4;1 1])

12 disp(C21 , ’ C21= ’ )
13 C22=det([3 4;2 1])

14 disp(C22 , ’ C22= ’ )
15 C23=-det([3 5;2 1])

16 disp(C23 , ’ C23= ’ )
17 C31=det([5 4;0 1])

18 disp(C31 , ’ C31= ’ )
19 C32=-det([3 4;1 1])

20 disp(C32 , ’ C32= ’ )
21 C33=det([3 5;1 0])

22 disp(C33 , ’ C33= ’ )
23 B=[C11 C12 C13;C21 C22 C23;C31 C32 C33]’

24 disp( ’ ad j (A)= ’ )
25 disp(B)

26 C=B/(det(a))

27 disp( ’ i nv (A)= ’ )
28 disp(C)

Scilab code Exa 3.3.19 Application of determinant

1 disp( ’ the p o i n t s f o rming the p a r r a l l e l o g r am ar e ’ )
2 disp( ’ ( 0 , 0 ) , ( 5 , 2 ) , ( 6 , 4 ) , ( 1 1 , 6 ) ’ )
3 disp( ’ u s i n g the v e r t i c e s ad j a c en t to o r i g i n to form

a matr ix ’ )
4 A=[5 6;2 4]

5 disp(A, ’A= ’ )
6 disp( ’ Area o f p a r a l l e l o g r am = det (A) ’ )
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7 disp(det(A), ’= ’ )
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Chapter 4

VECTOR SPACES

Scilab code Exa 4.1.13 Subspace of vectors

1 disp( ’ the g i v en v e c t o r s a r e : ’ )
2 v1=[1;0; -1]

3 disp(v1, ’ v1= ’ )
4 v2 =[2;1;3]

5 disp(v2, ’ v2= ’ )
6 v3 =[4;2;6]

7 disp(v3, ’ v3= ’ )
8 w=[3;1;2]

9 disp(w, ’w= ’ )
10 disp( ’ I t i s c l e a r tha t w i s not one o f the t h r e e

v e c t o r s i n v1 , v2 and v3 ’ )
11 disp( ’ The span o f v1 , v2 and v3 c o n t a i n s i n f i n i t e l y

many v e c t o r s . ’ )
12 disp( ’To check i f w i s i n the subspace o f v1 , v2 and

v3 , ’ )
13 disp( ’we form an augmented matr ix . ’ )
14 a=[1 2 4 3;0 1 2 1;-1 3 6 2]

15 disp(a)

16 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
17 disp( ’R3=R3+R1 ’ )
18 a(3,:)=a(3,:)+a(1,:)
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19 disp(a)

20 disp( ’R3=R3−5xR2 ’ )
21 a(3,:)=a(3,:) -5*a(2,:)

22 disp(a)

23 disp( ’ t h e r e i s no p i v o t i n the augmented column , ’ )
24 disp( ’ hence the v e c t o r equa t i on i s c o n s i s t e n t and w

i s i n span {v1 v2 v3 } . ’ )

Scilab code Exa 4.2.1 Null space of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[3 -5 -3;6 -2 0;-8 4 1]

3 disp(a, ’A= ’ )
4 disp( ’ the v e c t o r x i s : ’ )
5 x=[1;3; -4]

6 disp(x, ’ x= ’ )
7 disp( ’To check i f x i s i n n u l l s p a c e o f A ’ )
8 disp( ’Ax= ’ )
9 disp ([0;0;0] , ’= ’ )

10 disp( ’ hence , x i s i n the n u l l space o f A ’ )

Scilab code Exa 4.3.13 Column space of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[1 0 6 5;0 2 5 3;0 0 0 0]

3 p=a

4 disp(a, ’A= ’ )
5 disp( ’ Reducing A to e ch e l o n form ’ )
6 disp( ’R2=R2/2 ’ )
7 a(2,:)=a(2,:)/2

8 disp(a)

9 disp( ’ the p i v o t columns a r e column 1 and 2 o f A ’ )
10 disp( ’ hence column space o f A i s : ’ )
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11 disp( ’ span ’ )
12 disp(a(:,1), ’ and ’ ,a(:,2))

Scilab code Exa 4.4.7 Gaussian Elimination

1 disp( ’ v e c t o r x= ’ )
2 x=[8; -9;6]

3 disp(x)

4 disp( ’ the g i v en b a s i s i s : ’ )
5 b1=[1; -1; -3]

6 b2=[ -3;4;9]

7 b3=[2; -2;4]

8 disp(b1, ’ b1= ’ )
9 disp(b2, ’ b2= ’ )

10 disp(b3, ’ b3= ’ )
11 disp( ’ to s o l v e the v e c t o r equa t i on ’ )
12 disp( ’ an augmented matr ix i s formed ’ )
13 a=[1 -3 2 8;-1 4 -2 -9;-3 9 4 6]

14 disp(a, ’A= ’ )
15 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
16 a(2,:)=a(2,:) -(a(2,1)/a(1,1))*a(1,:)

17 a(3,:)=a(3,:) -(a(3,1)/a(1,1))*a(1,:)

18 disp(a)

19 a(3,:)=a(3,:)/a(3,3)

20 a(1,:)=a(1,:) -2*a(3,:)

21 disp(a)

22 a(1,:)=a(1,:)+3*a(2,:)

23 disp(a)

24 disp( ’Xb= ’ )
25 disp(a(:,4))

Scilab code Exa 4.4.27 Linear independence of vectors
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1 disp( ’ to check i f v e c t o r s v1 v2 and v3 a r e l i n e a r l y
independent ’ )

2 v1 =[1;0;0;1]

3 v2 =[3;1; -2;0]

4 v3=[0; -1;3; -1]

5 disp(v3, ’ v3= ’ ,v2 , ’ v2= ’ ,v1 , ’ v1= ’ )
6 disp( ’ f o rming an augmented matr ix ’ )
7 a=[1 3 0 0;0 1 -1 0;0 -2 3 0;1 0 -1 0]

8 disp(a, ’A= ’ )
9 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )

10 a(4,:)=a(4,:)-a(1,:)

11 disp(a)

12 a(3,:)=a(3,:)+2*a(2,:)

13 a(4,:)=a(4,:)+3*a(2,:)

14 disp(a)

15 a(4,:)=a(4,:)+4*a(3,:)

16 disp(a)

17 disp( ’ s i n c e the v e c t o r equa t i on has on ly the t r i v i a l
s o l u t i o n ’ )

18 disp( ’ v e c t o r s v1 v2 and v3 a r e l i n e a r l y independent ’
)

Scilab code Exa 4.4.31a Span of vectors

1 disp( ’ to check i f the po l ynom ia l s span R3 ’ )
2 disp( ’ p l a c i n g the c o o r d i n a t e v e c t o r s o f the

po lynomia l i n t o the columns o f a matr ix ’ )
3 a=[1 -3 -4 1;-3 5 5 0;5 -7 -6 1]

4 disp(a, ’A= ’ )
5 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
6 a(2,:)=a(2,:)+3*a(1,:)

7 a(3,:)=a(3,:) -5*a(1,:)

8 disp(a)

9 a(3,:)=a(3,:)+2*a(2,:)

10 disp(a)
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11 disp( ’ the f o u r v e c t o r s DO NOT span R3 as t h e r e i s no
p i v o t i n row 3 ’ )

Scilab code Exa 4.4.31b Span of vectors

1 disp( ’ to check i f the po l ynom ia l s span R3 ’ )
2 disp( ’ p l a c i n g the c o o r d i n a t e v e c t o r s o f the

po lynomia l i n t o the columns o f a matr ix ’ )
3 a=[0 1 -3 2;5 -8 4 -3;1 -2 2 0]

4 disp(a, ’A= ’ )
5 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
6 a([1 3],:)=a([3 1],:)

7 disp(a)

8 a(2,:)=a(2,:) -5*a(1,:)

9 disp(a)

10 a(3,:)=a(3,:) -.5*a(2,:)

11 disp(a)

12 disp( ’ the f o u r v e c t o r s SPAN R3 as t h e r e i s a p i v o t
i n each row ’ )

Scilab code Exa 4.5.3 Dimension of a vector space

1 disp( ’ to f i n d the d imens ion o f subspace H, which i s
the s e t o f l i n e a r combinat ion o f v e c t o r s v1 v2
and v3 ’ )

2 v1 =[0;1;0;1]

3 v2 =[0; -1;1;2]

4 v3 =[2;0; -3;0]

5 disp(v3, ’ v3= ’ ,v2 , ’ v2= ’ ,v1 , ’ v1= ’ )
6 disp( ’ C l e a r l y , v1 i s not equa l to z e r o ’ )
7 disp( ’ and v2 i s not a mu l t i p l e o f v1 as t h i r d

e l ement o f v1 i s z e r o whereas tha t o f v2 i s 1 . ’ )
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8 disp( ’ Also , v3 i s not a l i n e a r combinat ion o f v1 and
v2 as the f i r s t e l ement o f v1 and v2 i s z e r o but
tha t o f v3 i s 2 ’ )

9 disp( ’ Hence , v1 v2 and v3 a r e l i n e a r l y independent
and dim (H)=3 ’ )

Scilab code Exa 4.6.1 Rank of a matrix

1 disp( ’ to f i n d the rank o f matr ix A ’ )
2 a=[1 -4 9 -7;-1 2 -4 1;5 -6 10 7]

3 p=a

4 disp(a, ’A= ’ )
5 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
6 a(2,:)=a(2,:)+a(1,:)

7 a(3,:)=a(3,:) -5*a(1,:)

8 disp(a)

9 a(3,:)=a(3,:)+7*a(2,:)

10 disp(a)

11 disp( ’ I t i s c l e a r tha t matr ix A has 2 p i v o t columns ’
)

12 disp( ’ Hence , rank (A)=2 ’ )
13 disp( ’ COlumns 1 and 2 a r e p i v o t columns ’ )
14 disp(p(:,1), ’ and ’ ,p(:,2), ’ Hence , b a s i s f o r C(A) i s : ’

)

15 disp( ’ Ba s i s f o r row space o f A i s : ’ )
16 disp(a(1,:), ’ and ’ ,a(2,:))
17 disp( ’To f i n d the b a s i s o f N(A) , s o l v e Ax=0 ’ )
18 disp( ’ on s o l v i n g , we ge t the b a s i s o f N(A) as : ’ )
19 u=[1;2.5;1;0]

20 v=[ -5; -3;0;1]

21 disp(v, ’ and ’ ,u)
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Chapter 5

EIGENVALUES AND
EIGENVECTORS

Scilab code Exa 5.1.1 Eigenvalue of a matrix

1 disp( ’ to check i f 2 i s an e i g e n v a l u e o f matr ix A ’ )
2 a=[3 2;3 8]

3 disp(a, ’A= ’ )
4 disp( ’A−2I= ’ )
5 b=a-2*eye(2,2)

6 disp(b)

7 disp( ’ The columns o f A a r e c l e a r l y independent , ’ )
8 disp( ’ hence (A−2I ) x=0 has a non t r i v i a l s o l u t i o n and

2 i s an e i g e n v a l u e o f matr ix A ’ )

Scilab code Exa 5.1.7 Eigenvalue of a matrix

1 disp( ’To check i f 4 i s an e i g e n v a l u e o f matr ix A ’ )
2 a=[3 0 -1;2 3 1;-3 4 5]

3 disp(a, ’A= ’ )
4 disp( ’ Th e r e f o r e ’ )
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5 disp( ’A−4I= ’ )
6 disp(a-4*eye(3,3))

7 b=a-4*eye(3,3)

8 disp( ’ to check the i n v e r t i b i l i t y o f A−4I , form an
augmented matr ix ’ )

9 c=[b [0;0;0]]

10 disp(c)

11 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
12 c(2,:)=c(2,:)+2*c(1,:)

13 c(3,:)=c(3,:) -3*c(1,:)

14 disp(c)

15 c(3,:)=c(3,:)+4*c(2,:)

16 disp(c)

17 disp( ’We can s e e tha t t h e r e e x i s t s a non t r i v i a l
s o l u t i o n . ’ )

18 disp( ’ Hence , 4 i s an e i g e n v a l u e o f A. ’ )
19 disp( ’ For the e i g e n v e c t o r , −x1−x3=0 and −x2−x3=0 ’ )
20 disp( ’ I f x3=1 , ’ )
21 x=[ -1; -1;1]

22 disp(x, ’ x= ’ )

Scilab code Exa 5.1.13 Eigenvectors

1 disp( ’To f i n d a b a s i s f o r the e i g e n s p a c e ’ )
2 disp( ’ Matr ix A= ’ )
3 a=[4 0 1;-2 1 0;-2 0 1]

4 disp(a)

5 disp( ’ f o r lambda=1 ’ )
6 disp( ’A−1I= ’ )
7 b=a-eye(3,3)

8 disp(b)

9 disp( ’ s o l v i n g (A−I ) x=0 , we ge t ’ )
10 disp( ’−2∗x1=0 and 3∗ x1+x3=0 ’ )
11 disp( ’ t h e r e f o r e , x1=x3=0 ’ )
12 disp( ’ which l e a v e s x2 as a f r e e v a r i a b l e ’ )
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13 disp( ’ Hence a b a s i s f o r the e i g e n space i s : ’ )
14 disp ([0;1;0])

15 disp( ’ f o r lambda=2 ’ )
16 disp( ’A−2I= ’ )
17 b=a-2*eye(3,3)

18 disp(b)

19 disp( ’ p e r f o rm ing row op e r a t i o n s on the augmented
matr ix ’ )

20 c=[b [0;0;0]]

21 disp(c)

22 c(2,:)=c(2,:)+c(1,:)

23 c(3,:)=c(3,:)+c(1,:)

24 disp(c)

25 c(1,:)=c(1,:)/c(2,2)

26 disp(c)

27 disp( ’We can s e e tha t x3 i s a f r e e v a r i a b l e ’ )
28 disp( ’ x2=x3 and x1=−.05∗x3 ’ )
29 disp( ’ Hence , a b a s i s f o r the e i g e n s p a c e i s : ’ )
30 disp ([ -.5;1;1])

31 disp( ’ f o r lambda=3 ’ )
32 disp( ’A−3I= ’ )
33 b=a-3*eye(3,3)

34 disp(b)

35 disp( ’ p e r f o rm ing row op e r a t i o n s on the augmented
matr ix ’ )

36 c=[b [0;0;0]]

37 disp(c)

38 c(2,:)=c(2,:)+2*c(1,:)

39 c(3,:)=c(3,:)+2*c(1,:)

40 disp(c)

41 c(2,:)=c(2,:)/2

42 disp(c)

43 disp( ’ Again x3 i s a f r e e v a r i a b l e ’ )
44 disp( ’ x1=−x3 and x2=x3 ’ )
45 disp( ’ Hence , a b a s i s f o r the e i g e n s p a c e i s : ’ )
46 disp ([ -1;1;1])
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Scilab code Exa 5.1.19 Property of non invertible matrices

1 disp( ’ The g i v en matr ix i s : ’ )
2 a=[1 1 1;2 2 2;3 3 3]

3 disp(a, ’A= ’ )
4 disp( ’A i s not i n v e r t i b l e because i t s columns a r e

l i n e a r l y dependent . ’ )
5 disp( ’ Hence , 0 i s an e i g e n v a l u e o f matr ix A. ’ )

Scilab code Exa 5.2.1 Eigenvalue of a matrix

1 disp( ’To f i n d the e i g e n v a l u e o f matr ix A ’ )
2 disp( ’A= ’ )
3 a=[2 7;7 2]

4 disp(a)

5 disp( ’ E igen v a l u e s o f A a r e : ’ )
6 disp(spec(a))

Scilab code Exa 5.2.7 Complex eigenvalues

1 disp( ’To f i n d the e i g e n v a l u e s o f matr ix A. ’ )
2 disp( ’A= ’ )
3 a=[5 3;-4 4]

4 disp(a)

5 disp( ’ E igen v a l u e s o f A a r e : ’ )
6 disp(spec(a))

7 disp( ’ Hence , A has no r e a l e i g e n v a l u e s . ’ )
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Scilab code Exa 5.2.13 Eigenvalues of a matrix

1 disp( ’To f i n d the e i g e n v a l u e s o f the matr ix A ’ )
2 disp( ’A= ’ )
3 a=[6 -2 0;-2 9 0;5 8 3]

4 disp(a)

5 disp( ’ E i g enva l u e s o f A a r e : ’ )
6 disp(spec(a))

Scilab code Exa 5.2.25 Eigenvectors

1 disp( ’ Matr ix A= ’ )
2 a=[.6 .3;.4 .7]

3 disp(a)

4 disp( ’ E i g env e c t o r v1= ’ )
5 v1 =[3/7;4/7]

6 disp(v1)

7 disp( ’ v e c t o r Xo= ’ )
8 Xo =[.5;.5]

9 disp(Xo)

10 disp( ’ E i g enva l u e s o f A a r e : ’ )
11 c=spec(a)

12 disp(c)

13 disp( ’To v e r i f y i f v1 i s an e i g e n v e c t o r o f A: ’ )
14 disp( ’A∗v1= ’ )
15 disp(a*v1)

16 disp( ’= ’ )
17 disp( ’ 1∗ v1 ’ )
18 disp( ’ Hence v1 i s an e i g e n v e c t o r o f A c o r r e s p ond i n g

to e i g e n v a l u e 1 . ’ )
19 disp( ’ f o r lambda=.3 ’ )
20 disp( ’A−.3 I= ’ )
21 b=a-.3* eye(2,2)

22 disp(b)

23 disp( ’ p e r f o rm ing row op e r a t i o n s on the augmented
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matr ix ’ )
24 c=[b [0;0]]

25 disp(c)

26 c(2,:)=c(2,:) -(c(2,1)/c(1,1))*c(1,:)

27 disp(c)

28 disp( ’ hence , x1+x2=0 ’ )
29 disp( ’ E i g env e c t o r c o r r e s p ond i n g to e i g e n v a l u e . 3 i s :

’ )
30 disp ([ -1;1])

Scilab code Exa 5.3.1 Diagonalization of a matrix

1 disp( ’ The g i v en e i g e n v e c t o r matr ix i s : ’ )
2 p=[5 7;2 3]

3 disp(p, ’P= ’ )
4 disp( ’ The d i a g ona l matr ix i s : ’ )
5 d=[2 0;0 1]

6 disp(d, ’D= ’ )
7 disp( ’ The r e f o r e , matr ix A=PD(pˆ−1) ’ )
8 s=inv(p)

9 disp(p*d*s)

10 disp( ’ Hence , Aˆ4=P(Dˆ4) (Pˆ−1) ’ )
11 disp(p*(d^4)*s)

Scilab code Exa 5.3.7 Diagonalization of a matrix

1 disp( ’ the g i v en matr ix i s : ’ )
2 a=[1 0;6 -1]

3 disp(a, ’A= ’ )
4 disp( ’ S i n c e A i s t r i a n g u l a r , e i g e n v a l u e s a r e the

d i a g on a l e n t r i e s . ’ )
5 disp(a(2,2),a(1,1), ’ E i g enva l u e s a r e : ’ )
6 disp( ’ f o r lambda=1 ’ )

49



7 disp( ’A−1I= ’ )
8 b=a-eye(2,2)

9 disp(b)

10 disp( ’ Hence , x1 =(1/3) x2 with x2 as f r e e v a r i a b l e . ’ )
11 disp( ’ E i g env e c t o r c o r r e s p ond i n g to lambda=1 i s : ’ )
12 u1 =[1;3]

13 disp(u1)

14 disp( ’ f o r lambda=−1 ’ )
15 disp( ’A−(−1) I= ’ )
16 b=a+eye(2,2)

17 disp(b)

18 disp( ’ Hence , x1=0 with x2 as f r e e v a r i a b l e . ’ )
19 disp( ’ E i g env e c t o r c o r r e s p ond i n g to lambda=−1 i s : ’ )
20 u2 =[0;1]

21 disp(u2)

22 disp( ’ Thus , matr ix P= ’ )
23 disp([u1 u2])

24 disp( ’ and matr ix D= ’ )
25 disp ([1 0;0 -1])

Scilab code Exa 5.3.13 Diagonalization of a matrix

1 disp( ’ Given matr ix A= ’ )
2 a=[2 2 -1;1 3 -1;-1 -2 2]

3 disp(a)

4 disp( ’ Given i t s e i g e n v a l u e s a r e 5 and 1 ’ )
5 disp( ’ f o r lambda=5 ’ )
6 disp( ’A−5I= ’ )
7 b=a-5*eye(3,3)

8 disp(b)

9 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
10 c=[b [0;0;0]]

11 disp(c)

12 c([1 2],:)=c([2 1],:)

13 disp(c)
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14 c(2,:)=c(2,:)+3*c(1,:)

15 c(3,:)=c(3,:)+c(1,:)

16 disp(c)

17 c(3,:)=c(3,:)-c(2,:)

18 disp(c)

19 c(2,:)=c(2,:)/c(2,2)

20 disp(c)

21 disp( ’ With x3 as f r e e v a r i a b l e , x1=−x3 and x2=−x3 ’ )
22 disp( ’ Hence , f o r lambda=5 e i g e n v e c t o r i s : ’ )
23 u1=[ -1; -1;1]

24 disp(u1)

25 disp( ’ f o r lambda=1 ’ )
26 disp( ’A−I= ’ )
27 b=a-eye(3,3)

28 disp(b)

29 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
30 c=[b [0;0;0]]

31 disp(c)

32 c(2,:)=c(2,:)-c(1,:)

33 c(3,:)=c(3,:)+c(1,:)

34 disp(c)

35 disp( ’ With x2 and x3 as f r e e v a r i a b l e s , e i g e n
v e c t o r s c o r r e s p ond i n g to lambda=1 a r e ’ )

36 u2=[ -2;1;0]

37 u3 =[1;0;1]

38 disp(u3,u2)

39 disp( ’ Hence , matr ix P= ’ )
40 disp([u1 u2 u3])

41 disp( ’ and matr ix D= ’ )
42 disp ([5 0 0;0 1 0;0 0 1])

Scilab code Exa 5.4.31 PD decomposition of a matrix

1 disp( ’ Given matr ix A= ’ )
2 a=[-7 -48 -16;1 14 6;-3 -45 -19]
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3 disp(a)

4 disp( ’ and matr ix P= ’ )
5 p=[-3 -2 3;1 1 -1;-3 -3 0]

6 disp(p)

7 disp( ’ Hence , marix D= ’ )
8 s=inv(p)

9 disp(s*a*p)

Scilab code Exa 5.5.1 Complex eigenvectors

1 disp( ’ Matr ix A= ’ )
2 a=[1 -2;1 3]

3 disp(a)

4 disp( ’ E igen v a l u e s o f A a r e ’ )
5 eig=spec(a)

6 disp(eig)

7 disp( ’ f o r lambda=2+i ’ )
8 i=sqrt(-1)

9 disp( ’A−(2+ i ) I= ’ )
10 b=a-(2+i)*eye(2,2)

11 disp(b)

12 disp( ’ With x2 as f r e e v a r i a b l e , x1=−(1− i ) x2 ’ )
13 disp( ’ Hence , e i g e n v e c t o r c o r r e s p ond i n g to lambda=2+i

i s : ’ )
14 disp([i -1;1])

15 disp( ’ f o r lambda=2−i , e i g e n v e c t o r i s : ’ )
16 disp([-1-i;1])

Scilab code Exa 5.5.7 Scale factor of transformation

1 disp( ’ Matr ix A= ’ )
2 a=[sqrt (3) -1;1 sqrt (3)]

3 disp(a)
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4 disp( ’ E i g enva l u e s o f A a r e : ’ )
5 eig=spec(a)

6 disp(eig)

7 disp( ’ The s c a l e f a c t o r a s s o c i a t e d with the
t r a n s f o rma t i o n x to Ax i s : ’ )

8 disp(abs(eig(1,1)))
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Chapter 6

ORTHOGONALITY AND
LEAST SQUARES

Scilab code Exa 6.1.1 Dot product of vectors

1 disp( ’ Vec to r s u an v a r e : ’ )
2 u=[ -1;2]

3 v=[4;6]

4 disp(v,u)

5 disp( ’ P r o j e c t i o n o f v on u=(u . v ) /( v . v ) ’ )
6 a=u’*v

7 b=u’*u

8 p=a/b

9 disp(p, ’= ’ )

Scilab code Exa 6.1.7 Norm of a vector

1 disp( ’w= ’ )
2 w=[3; -1; -5]

3 disp(w)

4 disp( ’ | |w | |= sq r t (9+1+25) ’ )
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5 disp(sqrt (35))

Scilab code Exa 6.1.13 Distance between two points

1 disp( ’ Vector x and y a r e : ’ )
2 x=[10; -3]

3 y=[-1;-5]

4 disp(y,x)

5 disp( ’ | | x−y | |= sq r t (121+4) ’ )
6 disp(sqrt (125), ’= ’ )

Scilab code Exa 6.2.1 Orthogonality of vectors

1 disp( ’To v e r i f y i f u v and w ar e o r t h ogona l ’ )
2 u=[ -1;4; -3]

3 v=[5;2;1]

4 w=[3; -4; -7]

5 disp(w,v,u)

6 disp( ’ u . v= ’ )
7 disp(v’*u)

8 disp( ’ u .w= ’ )
9 disp(u’*w)

10 disp( ’ S i n c e u .w i s not equa l to zero , the s e t {u v w
} i s not o r t h o gona l . ’ )

Scilab code Exa 6.2.7 Orthogonal basis

1 disp( ’ v e c t o r s u1 u2 and x a r e : ’ )
2 u1=[2; -3]

3 u2 =[6;4]
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4 x=[9; -7]

5 disp(x,u2,u1)

6 disp( ’ u1 . u2= ’ )
7 disp(u1 ’*u2)

8 disp( ’ u1 . u2=0 , {u1 u2} i s an o r t h o gona l s e t ’ )
9 disp( ’ Hence {u1 u2} f o rms a b a s i s o f R2 ’ )

10 disp( ’ x can be w r i t t e n as : x=a∗u1+b∗u2 ’ )
11 disp( ’ where a=(x . u1 ) /( u1 . u1 ) ’ )
12 a1=x’*u1

13 a2=u1 ’*u1

14 a=a1/a2

15 disp(a, ’= ’ )
16 disp( ’ and b=(x . u2 ) /( u2 . u2 ) ’ )
17 b1=x’*u2

18 b2=u2 ’*u2

19 b=b1/b2

20 disp(b, ’= ’ )

Scilab code Exa 6.2.13 Projection of vectors

1 disp( ’ Vec to r s y and u a r e : ’ )
2 y=[2;3]

3 u=[4; -7]

4 disp(u,y)

5 disp( ’ The o r t h ogona l p r o j e c t i o n o f y on u=((y . u ) /( u .
u ) ) ∗u ’ )

6 a=y’*u

7 b=u’*u

8 c=(a/b)*u

9 disp(c, ’= ’ )
10 disp( ’ The component o f y o r t h o gona l to u i s : ’ )
11 disp(y-c)
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Scilab code Exa 6.2.19 Orthonormal vectors

1 disp( ’ g i v en v e c t o r s u and v a r e : ’ )
2 u=[ -.6;.8]

3 v=[.8;.6]

4 disp(v,u)

5 disp( ’ u . v= ’ )
6 disp(u’*v)

7 disp( ’ Hence , {u v} i s an o r t h o gona l s e t . ’ )
8 disp( ’ | | u | |=1 and | | v | |=1 ’ )
9 disp( ’ Thus , {u v} i s an or thonorma l s e t ’ )

Scilab code Exa 6.3.1 Orthogonal projection

1 disp( ’ Given v e c t o r s a r e : ’ )
2 u1=[0;1; -4; -1]

3 u2 =[3;5;1;1]

4 u3 =[1;0;1; -4]

5 u4=[5; -3; -1;1]

6 x=[10; -8;2;0]

7 disp(x, ’ x= ’ ,u4 , ’ u4= ’ ,u3 , ’ u3= ’ ,u2 , ’ u2= ’ ,u1 , ’ u1= ’ )
8 disp( ’ The v e c t o r i n span {u4 }=((x . u4 ) /( u4 . u4 ) ) ∗u4 ’ )
9 a1=x’*u4

10 a2=u4 ’*u4

11 disp((a1/a2)*u4)

12 disp( ’ The r e f o r e , the v e c t o r i n span {u1 u2 u3}=x−2∗u4
’ )

13 disp(x-2*u4)

Scilab code Exa 6.3.7 Orthogonal projection

1 disp( ’ Vec to r s u1 u2 and y a r e ’ )
2 u1=[1;3; -2]
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3 u2 =[5;1;4]

4 y=[1;3;5]

5 disp(y, ’ y= ’ ,u2 , ’ u2= ’ ,u1 , ’ u1= ’ )
6 disp( ’ u1 . u2= ’ )
7 a=u1 ’*u2

8 disp(a, ’= ’ )
9 disp( ’ Hence , {u1 u2} form an o r t h ogona l b a s i s . ’ )

10 disp( ’ Let W=span {u1 u2} ’ )
11 disp( ’ The r e f o r e , p r o j e c t i o n o f y on W i s : ’ )
12 disp( ’ ( ( y . u1 ) /( u1 . u1 ) ) ∗u1+((y . u2 ) /( u2 . u2 ) ) ∗u2 ’ )
13 a1=y’*u1

14 a2=u1 ’*u1

15 b1=y’*u2

16 b2=u2 ’*u2

17 disp((b1/b2)*u2 , ’+ ’ ,(a1/a2)*u1, ’= ’ )

Scilab code Exa 6.3.13 Orthogonal projection

1 disp( ’ Given v e c t o r s a r e : ’ )
2 v1=[2; -1; -3;1]

3 v2 =[1;1;0; -1]

4 z=[3; -7;2;3]

5 disp(z, ’ z= ’ ,v2 , ’ v2= ’ ,v1 , ’ v1= ’ )
6 a=v1 ’*v2

7 disp(a, ’ v1 . v2= ’ )
8 if(a==0)

9 disp( ’ v1 and v2 a r e o r t h o gona l ’ )
10 end

11 disp( ’By b e s t spp rox imat i on theorem , c l o s e s t po i n t
i n span {v1 v2} to z i s the o r t h o gona l p r o j e c t i o n ’
)

12 disp( ’ =(( z . v1 ) /( v1 . v1 ) ) ∗v1+(( z . v2 ) /( v2 . v2 ) ) ∗v2 ’ )
13 a1=z’*v1

14 a2=v1 ’*v1

15 b1=z’*v2

58



16 b2=v2 ’*v2

17 disp((a1/a2)*v1 , ’+ ’ ,(b1/b2)*v2, ’= ’ )
18 disp((a1/a2)*v1+(b1/b2)*v2 , ’= ’ )

Scilab code Exa 6.3.19 Orthogonal decomposition theorem

1 disp( ’By o r t h o gona l d e compos i t i on theorem , ’ )
2 disp( ’ u3 i s the sum o f a v e c t o r i n W=span {u1 u2} and

a v e c t o r v o r t h ogona l to W’ )
3 disp( ’To f i n d v , g i v en u1 and u2 ’ )
4 u1=[1;1; -2]

5 u2=[5; -1;2]

6 disp(u2, ’ u2= ’ ,u1 , ’ u1= ’ )
7 disp( ’ P r o j e c t i o n o f u3 on W’ )
8 disp( ’= (−1/3)∗u1 +(1/15) ∗u2 ’ )
9 disp (( -1/3)*u1 +(1/15)*u2 , ’= ’ )

10 disp( ’ v= u3−( p r o j e c t i o n o f u3 on W) ’ )
11 disp (( -1/3)*u1 +(1/15)*u2 , ’− ’ ,[0;0;1] , ’= ’ )
12 disp ([0;0;1] -(( -1/3)*u1 +(1/15)*u2), ’= ’ )

Scilab code Exa 6.4.1 Gram Schimdt Orthogonalisation

1 disp( ’ to o r t h o g o n a l i s e the g i v en v e c t o r s u s i n g Gram−
Schimdt o r t h o g o n a l i s a t i o n ’ )

2 x1=[3;0; -1]

3 x2=[8;5; -6]

4 disp(x2, ’ x2= ’ ,x1 , ’ x1= ’ )
5 disp( ’ Let v1=x1 ’ )
6 v1=x1

7 disp( ’ v2=x2−(( x2 . v1 ) /( v1 . v1 ) ) ∗v1 ’ )
8 a1=x2 ’*v1

9 a2=v1 ’*v1

10 p=(a1/a2)*v1
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11 v2=x2-p

12 disp(p, ’− ’ ,x2 , ’= ’ )
13 disp(v2, ’= ’ )
14 disp( ’ Thus , an o r t h o gona l b a s i s i s : ’ )
15 disp(v2,v1)

Scilab code Exa 6.4.7 Gram Schimdt Orthogonalisation

1 disp( ’ to o r t h o g o n a l i s e the g i v en v e c t o r s u s i n g Gram−
Schimdt o r t h o g o n a l i s a t i o n ’ )

2 x1=[2; -5;1]

3 x2=[4; -1;2]

4 disp(x2, ’ x2= ’ ,x1 , ’ x1= ’ )
5 disp( ’ Let v1=x1 ’ )
6 v1=x1

7 disp( ’ v2=x2−(( x2 . v1 ) /( v1 . v1 ) ) ∗v1 ’ )
8 a1=x2 ’*v1

9 a2=v1 ’*v1

10 p=(a1/a2)*v1

11 v2=x2-p

12 disp(p, ’− ’ ,x2 , ’= ’ )
13 disp(v2, ’= ’ )
14 disp( ’ Thus , an o r t h o gona l b a s i s i s : ’ )
15 disp(v2,v1)

16 disp( ’ No rma l i z i ng v1 and v2 , we ge t ’ )
17 s1=sqrt(v1(1,1)^2+v1(2,1)^2+v1(3,1)^2)

18 s2=sqrt(v2(1,1)^2+v2(2,1)^2+v2(3,1)^2)

19 disp(v2/s2,v1/s1)

Scilab code Exa 6.4.13 QR decomposition of a matrix

1 disp( ’QR decompos i t i on o f a matr ix ’ )
2 disp( ’ g i v en matr ix A= ’ )
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3 a=[5 9;1 7;-3 -5;1 5]

4 disp(a)

5 disp( ’ g i v en matr ix Q= ’ )
6 q=(1/6) *[5 -1;1 5;-3 1;1 3]

7 disp(q)

8 disp( ’ The r e f o r e , R= ’ )
9 s=q’*a

10 disp(s)

Scilab code Exa 6.5.1 Least square solution

1 disp( ’ The co− e f f i c i e n t matr ix i s : ’ )
2 a=[-1 2;2 -3;-1 3]

3 disp(a, ’A= ’ )
4 disp( ’ The RHS i s : ’ )
5 b=[4;1;2]

6 disp(b)

7 disp( ’ Product o f t r a n s p o s e o f A and A= ’ )
8 p1=a’*a

9 disp(p1)

10 disp( ’ Product o f t r a n s p o s e o f A and b= ’ )
11 p2=a’*b

12 disp(p2)

13 disp( ’ Hence , the s o l u t i o n i s : ’ )
14 p=inv(p1)*p2

15 disp(p)

Scilab code Exa 6.5.7 Least square solution

1 disp( ’ The co− e f f i c i e n t matr ix i s : ’ )
2 a=[1 -2;-1 2;0 3;2 5]

3 disp(a, ’A= ’ )
4 disp( ’ The RHS i s : ’ )
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5 b=[3;1; -4;2]

6 disp(b, ’ b= ’ )
7 disp( ’ Product o f t r a n s p o s e o f A and A= ’ )
8 p1=a’*a

9 disp(p1)

10 disp( ’ Product o f t r a n s p o s e o f A and b= ’ )
11 p2=a’*b

12 disp( ’ Forming an augmented matr ix to s o l v e the
normal e qu a t i o n s ’ )

13 p=[p1 p2]

14 disp(p)

15 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
16 disp( ’R2=R2−R1 ’ )
17 p(2,:)=p(2,:)-p(1,:)

18 disp(p)

19 disp( ’R1=R1/6 and R2=R2/36 ’ )
20 p(1,:)=p(1,:)/6

21 p(2,:)=p(2,:)/36

22 disp(p)

23 disp( ’R1=R1−R2 ’ )
24 p(1,:)=p(1,:)-p(2,:)

25 disp(p)

26 disp( ’ Hence , the s o l u t i o n i s : ’ )
27 disp(p(:,3))

28 x=p(:,3)

29 disp( ’ The l e a s t squa r e e r r o r i s = | |Ax−b | | ’ )
30 disp( ’Ax−b= ’ )
31 disp(a*x-b)

32 c=a*x-b

33 s=0

34 for i=1:4

35 s=s+c(i,1)^2

36 end

37 disp( ’ | | Ax−b | |= ’ )
38 disp(sqrt(s))

62



Scilab code Exa 6.5.13 Least square solution

1 disp( ’To de t e rmine i f u i s the l e a s t squa r e s o l u t i o n
to Ax=b ’ )

2 disp( ’ Given ’ )
3 a=[3 4;-2 1;3 4]

4 disp(a, ’A= ’ )
5 b=[11; -9;5]

6 disp(b, ’ b= ’ )
7 u=[5; -1]

8 v=[5; -2]

9 disp(v, ’ v= ’ ,u, ’ u= ’ )
10 disp( ’Au= ’ )
11 disp(a*u)

12 c=b-a*u

13 disp(c, ’ b−Au= ’ )
14 disp( ’ | | b−Au | |= ’ )
15 disp(sqrt(c(1,1)^2+c(2,1)^2+c(3,1)^2))

16 disp( ’Av= ’ )
17 disp(a*v)

18 d=b-a*v

19 disp(d, ’ b−Av= ’ )
20 disp( ’ | | b−Av | |= ’ )
21 disp(sqrt(d(1,1)^2+d(2,1)^2+d(3,1)^2))

22 disp( ’ S i n c e Av i s more c l o s e r to A than Au , u i s not
the l e a s t squa r e s o l u t i o n . ’ )

Scilab code Exa 6.6.1 Least squares line

1 disp( ’To ob t a i n a l e a s t sqau r e l i n e from the g i v en
data ’ )
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2 disp( ’ P l a c i n g the x c o o r d i n a t e s o f the data i n
second column o f matr ix X we ge t : ’ )

3 x=[1 0;1 1;1 2;1 3]

4 disp(x, ’X= ’ )
5 disp( ’ P l a c i n g the y c o o r d i n a t e s i n y v e c t o r ’ )
6 y=[1;1;2;2]

7 disp(y, ’ y= ’ )
8 disp( ’ Product o f t r a n s p o s e o f X and X= ’ )
9 p1=x’*x

10 disp(p1)

11 disp( ’ Product o f t r a n s p o s e o f X and y= ’ )
12 p2=x’*y

13 disp(p2)

14 disp( ’ The l e a s t squa r e s o l u t i o n = ’ )
15 disp(inv(p1)*p2)

16 p=inv(p1)*p2

17 disp( ’ Hence , the l e a s t squa r e l i n e i s : ’ )
18 disp( ’ x ’ ,p(2,1), ’+ ’ ,p(1,1), ’= ’ , ’ y ’ )
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Chapter 7

SYMMETRIC MATRICES
AND QUADRATIC FORMS

Scilab code Exa 7.1.1 Symmetric matrices

1 disp( ’To check i f the g i v en 2X2 matr ix i s symmetr ic ’
)

2 a=[3 5;5 -7]

3 disp(a, ’A= ’ )
4 if(a(1,2)==a(2,1))

5 disp( ’A i s a symmetr ic matr ix because the ( 1 , 2 )
and ( 2 , 1 ) e n t r i e s match . ’ )

6 else

7 disp( ’A i s not a symmetr ic matr ix ’ )
8 end

Scilab code Exa 7.1.7 Orthogoanl matrix

1 disp( ’To show tha t the g i v en matr ix P i s o r t h o gona l .
’ )

2 p=[.6 .8;.8 -.6]
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3 disp(p, ’P= ’ )
4 disp( ’P i s composed o f two v e c t o r s . ’ )
5 p1 =[.6;.8]

6 p2=[.8; -.6]

7 disp(p2, ’ p2= ’ ,p1 , ’ p1= ’ )
8 disp( ’To show tha t the columns a r e or thonorma l ’ )
9 disp( ’ p1 . p2= ’ )

10 s=p1 ’*p2

11 r=p1 ’

12 disp(p2, ’ ∗ ’ ,r, ’= ’ )
13 disp(s, ’= ’ )
14 if(s==0)

15 disp( ’ The columns o f P a r e othonormal ’ )
16 end

17 disp( ’ | | p1 | |= ’ )
18 disp(sqrt(p(1,1)^2+p(2,1)^2))

19 disp( ’ | | p2 | |= ’ )
20 disp(sqrt(p(1,2)^2+p(2,2)^2))

21 disp( ’ Hence , | | p1 | |= | | p2 | |= 1 . Thus P i s an
o r t h o gona l matr ix ’ )

Scilab code Exa 7.1.13 PD decomposition of a matrix

1 disp( ’To d i a g o n a l i z e the g i v en matr ix A ’ )
2 a=[3 1;1 3]

3 disp(a, ’A= ’ )
4 eig=spec(a)

5 disp( ’ E igen v a l u e s o f A a r e : ’ )
6 disp(eig)

7 disp( ’ f o r lambda=4 ’ )
8 disp( ’A−4I= ’ )
9 disp(a-4*eye(2,2))

10 b=a-4*eye(2,2)

11 disp( ’To f i n d the e i g e n v e c t o r , form an augmented
matr ix . ’ )
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12 c=[b [0;0]]

13 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
14 disp(c)

15 c(2,:)=c(2,:)+c(1,:)

16 disp(c)

17 disp( ’ With x2 as f r e e v a r i a b l e , x1=x2 ’ )
18 disp( ’ Hence a b a s i s f o r the e i g e n s p a c e i s : ’ )
19 d=[1;1]

20 disp(d)

21 disp( ’Upon no rma l i z i n g ’ )
22 disp(d/(sqrt (2)))

23 u1=d/(sqrt (2))

24 disp( ’ f o r lambda=2 ’ )
25 disp( ’A−2I= ’ )
26 b=a-2*eye(2,2)

27 disp(b)

28 disp( ’To f i n d the e i g e n v e c t o r , form an augmented
matr ix . ’ )

29 c=[b [0;0]]

30 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
31 disp(c)

32 c(2,:)=c(2,:)-c(1,:)

33 disp(c)

34 disp( ’ With x2 as f r e e v a r i a b l e , x1=−x2 ’ )
35 disp( ’ Hence a b a s i s f o r the e i g e n s p a c e i s : ’ )
36 d=[ -1;1]

37 disp(d)

38 disp( ’Upon no rma l i z i n g ’ )
39 disp(d/(sqrt (2)))

40 u2=d/(sqrt (2))

41 disp( ’ Matr ix P= ’ )
42 p=[u1 u2]

43 disp(p)

44 disp( ’ The c o r r e s p ond i n g matr ix D= ’ )
45 disp([eig(2,1) 0;0 eig(1,1)])
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Scilab code Exa 7.1.19 PD decomposition of a matrix

1 disp( ’PD decompos i t i on o f a matr ix A ’ )
2 a=[3 -2 4;-2 6 2;4 2 3]

3 disp(a, ’A= ’ )
4 disp( ’ E i g enva l u e s o f A a r e ’ )
5 eig=spec(a)

6 disp(eig)

7 disp(eig(2,1), ’ f o r lambda = ’ )
8 disp( ’A−( lambda ) I= ’ )
9 b=a-eig(2,1)*eye(3,3)

10 disp(b)

11 disp( ’To f i n d e i g e n v e c t o r , form an augmented matr ix ’
)

12 c=[b [0;0;0]]

13 disp(c)

14 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
15 c(2,:)=c(2,:) -(c(2,1)/c(1,1))*c(1,:)

16 c(3,:)=c(3,:) -(c(3,1)/c(1,1))*c(1,:)

17 disp(c)

18 disp( ’ With x2 and x3 as f r e e v a r i a b l e s , we ge t two
v e c t o r s . ’ )

19 disp( ’ x1=−.5x2+x3 ’ )
20 disp( ’ Thus , the two v e c t o r s a r e ’ )
21 v1=[ -1;2;0]

22 v2 =[1;0;1]

23 disp(v2,v1)

24 disp( ’ O r t h o g on a l i z i n g v1 and v2 ’ )
25 disp( ’ Let x1=v1 ’ )
26 disp( ’ x2=v2−(( v2 . v1 ) /( v1 . v1 ) ) ∗v1 ’ )
27 x1=v1

28 a1=v2 ’*v1

29 a2=v1 ’*v1

30 x2=v2 -(a1/a2)*v1
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31 x1=x1/(sqrt(x1(1,1)^2+x1(2,1)^2+x1(3,1)^2))

32 x1=x2/(sqrt(x2(1,1)^2+x2(2,1)^2+x2(3,1)^2))

33 disp( ’An or thonorma l b a s i s i s : ’ )
34 disp(x2,x1)

35 disp(eig(1,1), ’ f o r lambda= ’ )
36 disp( ’A−( lambda ) I= ’ )
37 b=a-eig(1,1)*eye(3,3)

38 disp(b)

39 disp( ’To f i n d e i g e n v e c t o r , form an augmented matr ix ’
)

40 c=[b [0;0;0]]

41 disp(c)

42 disp( ’ p e r f o rm ing row op e r a t i o n s ’ )
43 c(2,:)=c(2,:) -(c(2,1)/c(1,1))*c(1,:)

44 c(3,:)=c(3,:) -(c(3,1)/c(1,1))*c(1,:)

45 disp(c)

46 c(3,:)=c(3,:) -(c(3,2)/c(2,2))*c(2,:)

47 disp(c)

48 c(1,:)=c(1,:)/c(1,1)

49 c(2,:)=c(2,:)/c(2,2)

50 disp(c)

51 c(1,:)=c(1,:) -(c(1,2)/c(2,2))*c(2,:)

52 disp(c)

53 disp( ’ With x3 as f r e e v a r i a b l e ’ )
54 disp( ’ x1=x3 and x2=−.5x3 ’ )
55 disp( ’ Thus a b a s i s f o r the e i g e n s p a c e i s : ’ )
56 v3=[1; -.5;1]

57 disp(v3)

58 disp( ’ upon no rma l i z i n g ’ )
59 v3=v3/(sqrt(v3(1,1)^2+v3(2,1)^2+v3(3,1)^2))

60 disp(v3)

61 disp( ’ Thus , matr ix P= ’ )
62 disp([x1 x2 v3])

63 disp( ’ Cor r e spond ing matr ix D= ’ )
64 disp([eig(2,1) 0 0;0 eig(3,1) 0;0 0 eig(1,1)])
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Scilab code Exa 7.2.1 Quadratic form

1 disp( ’ g i v en matr ix A and v e c t o r x ’ )
2 a=[5 (1/3) ;(1/3) 1]

3 disp(a, ’A= ’ )
4 x=[6;1]

5 disp(x, ’ x= ’ )
6 disp( ’ Product o f t r a n s p o s e o f x and A and x= ’ )
7 p=x’*a*x

8 disp(p)

9 disp( ’New va lu e o f v e c t o r x= ’ )
10 x=[1;3]

11 disp(x)

12 disp( ’ Product o f t r a n s p o s e o f x and A and x= ’ )
13 p=x’*a*x

14 disp(p)
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