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[u,v,w] =find(A)

length(A)

[

LUTEERE S e

Computes the , containing the
of the nonzero elements of
the matrix 4, and the array w, containing the

values of the nonzero elements. The array w may

be omitted.

Computes either the number of elements of Aif Ais
a vector or the Iargest valueof mornifAisan m

X n matrix.
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max(A)

Y
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Additional Array Functions

Returns the algebraically Iargest elementin AifAis a

vector.

Returns a row vector containing the Iargest elements in

each column if A is a matrix.

If any of the elements are complex, max(A) returns the

elements that have the Iargest magnitudes.
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Additional Array Functions

[x k] = max(A) Similar to max(A) but stores the
maximum values in the row vector x

min(A ) ..
(A) Like max but returns minimum values.

and

[x,k] = min(A)
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Additional Array Functions

ZY

>> [uv w]=find(S)

5)Liall e
ans = T
>>S$=[123056;78910012; 1314016 1 1 1
1
17 18; 02021023 24;0260282930] > 2 1 7
3 3 1 13
S= 6 1 2
7 2 2
123056 8 3 2 L
7 8 910 0 12 9 4 2 20
10 row and column subscr 5 2 26
13 14 0 16 17 18 .
11 ipts of nonzero 1 3 3
0 20 21 0 23 24
12 elements 2 3 9
0 26 0 28 29 30 14 4 3 2]
17 2 4 10
>>find(S) 18 3 4 16
20 5 4 28
21 1 5 5
23 3 5 17
24 4 5 23
Linear Indexing of nonzero elements 25
5 5 29
26 1 6 6
;; 2 6 12
o 3 6 18
- a q 24
5 6 30
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Additional Array Functions

X =

17 3 5
7 0 M
13 15 17
19 0 23
25 27 29
2 4 6
8 10 0
14 16 18
20 22 O
26 28 30

>> t=max(X)
t=
26 28 30

>> d=min(X)
d=
17 0 O

>> [f1,£2]=max(X)
f1=
26 28 30

f2=
10 10 10

[

6)liaJl

>> [f1,£2]=min(X)
f1=
17 0 O

f2=

>> INDEX=find(X>25)

INDEX =

10
15
20
25
30

>> INDEX=find(X==25)

INDEX =

https://manara.edu.sy/
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Additional Array Functions

>> INDEX:fInd(X>25 && ::25) >> INDEX:flnd(X>25 | X::25)
Operands to the || and && operators must be convertible to
logical scalar values. INDEX =
>> INDEX=find(X>25 & X==25) 5
10
20
0x1 empty double column vector 25
30
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Additional Array Functions

size(A) Returns a row vector [mn]  containing the sizes of the mx narray A.
sort(A) Sorts each column of the array A in ascending order and returns an array the same size as A.
sum(A) Sums the elements in each column of the array A and returns a row vector containing the sums.
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The function size(A) returns a row vector [m n] containing the sizes of the m X narray A. The length(A) function

computes either the number of elements of A if Ais a vector or the largest value of mor nif Ais an m X nmatrix.

For example, if —6 2
A= —-10 -5
3 0

then max(A) returns the vector [6,2];
min(A)returns the vector [-10, -5];
size(A) returns [3, 2];
and length(A) returns 3.
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Additional Array Functions

>> X

X =

1T 3 5
7 0 11
13 15 17
19 0 23
25 27 29
2 4 6
8 10 O
14 16 18
20 22 O
26 28 30

>> X=sort(X)

X =

L NN =

14
19
20
25
26

>~ W O O

15
16
22
27
28

a U1 O O

11
17
18
23
29
30

[
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>> sum(X)
ans =

135 125 139

>> size(X)
ans =

10 3
>> |ength(X)
ans =

10
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Additional Array Functions

>> prod(X)
ans =
1.0e+09 *

5.0348 0
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Multidimensional Arrays

Consist of two-dimensional matrices ”Iayered" to produce a third dimension. Each ”Iayer" is called a page.

cat(n,AB,C, ..) Creates a new array by concatenating the arrays A,B,C, and

so on along the dimension n.
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Multidimensional Arrays

>>A=[12;3 4]

W =
S~ N

>> B=2*A

a N
o

>> C=3*A

3 6
9 12

>> D=cat(3,A,B,C)

3 6
9 12

[
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LR LT T

Pixel,
[255, 0, 255]

Red component image Plane

Blue component

Pixel, = [127, 255, 0]

Image Plane

Green component
image Plane

Pixel of an RGB image are formed from the corresponding pixel of the three component images
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Matrix-Arithmetic Operations

The Arithmetic Operations includes the following:

Addition (+), subtraction (- ), multiplication (*), division (/), power (»).

matrix operations.

Putting a period (. ) in front of the arithmetic operator to perform element-by-element.

multiplication (.*), division (./), power (A).

* element-by-element multiplication
Operators (Element by Element) Y P

./ element-by-element division

A element-by-element power

https://manara.edu.sy/
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Matrix-Arithmetic S
ymbol

Operations

(A2 skuiia alaal Lagd) -

[

Operation ﬂ.‘:‘.ﬂ]_“n
¥ it

Scalar-array addition

Scalar-array subtraction

Array addition

Array subtraction

Array multiplication

Array right division

Array left division

Array exponentiation

saec dac (38 gina (0 pia
Al Sl aae (s gl Y

Form

A+b

A*B

A./B

A\B

ANB

Examples

[6,3]+2=[8,5]

[8,3]-5=[3,-2]

[6,5]+[4,8]=[10,13]

[6,5]-[4,8]=[2,-3]

[3,5].%[4,8]=[12,40]

[2,5]./14.8]=[2/4,5/8]

[2,5]\[4,8]=[2\4,5\8]

[3,5].A2=[372,52]

2.7[3,5]=[2/3,2/5]

[3,5].7[2,4]=[312,574]
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Array Additiofi"aid Subtraction

6 —2 N 9 8 _[1s5 6
10 3 12 14 =2 17

Array subtraction is performed in a similar way.
Ly P LY

For example:

>>A - [61_2r1 013]/
>>B =[9,8;-12,14]

>>A+B

ans =
15 6
-2 17
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Multiplying a matrix A by a scalar wproduces a matrix whose elements are the elements of A multiplied by w. For

2 9 . ]6 27
35 7 115 =21

This multiplication is performed in MATLAB as follows:

example:

>>A - [2, 9/ 51_7]/

>>3%A

dans =
6 27
15 -2
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Vector and matrix

\

[

8)LiaJl
>>x=[12; 3 4] |

w =
> N

>>y=[12];

>> x+y

ans —

2 4
4 6
>>y=[123;123];

https://manara.edu.sy/
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>>eye(2,4) P
74

s deola >> ans.Ax ;
Ex.Ja.-._-...p.:-.l w‘ L;;\ @‘)j\
1
ans —

0 1
>>x=3; 27 1 1 1
>> x\ans 1 27 1 1
Error using ~ (line 51)
Incorrect dimensions for raising a matrix to a power. Check >> ansfx

that the matrix is square and Error using /A (line 51)

the power is a scalar. To perform elementwise matrix Incorrect dimensions for raising a matrix to a power. Check that the matrix is

|/\|
powers, use "', square and

the power is a scalar. To perform elementwise matrix powers, use A

>> x.Aans
31 1 1
3 1 1
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>> 1+eye(2,2) O)tiall

ans = o ) B

>>x=3;
day 0 OS5 ) e A
quY‘ ‘_A}Az\_"t)s..a.d\ CjﬁA/\x

>> ans\x
ans =

14 13
13 14
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Given x and y:

>> x=rand(3)

ZY

aaaaa

>>x*y >> x+y
) Addition
X= ans = PI’OClUCt ans =
0.9575 0.9706 0.8003 24136 13421 2.1595 18732 1.6263 1.7343
0.9649 0.9572 0.1419 17780 0.7874 1.6584 17571 09929 0.8206
01576 0.4854 0.4218 09335 04788 0.7962 11171 13345 1.1795
>>y=rand(3)
>> Xy >> !
y= Subtraction Transpose
ans = ans =
09157 0.6557 0.9340
07922 00357 0.6787 Lt Laial -l gey 09575 0.9649 0.1576
0.9595 0.8491 0.7577 DU Ly 0.> 368 09706 09572 0.4854
-0.8019 -0.3638 -0.3360

0.8003 0.1419 0.4218

>> x'==transpose(x)
ans =
3x3 logical array
111

111
111
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Example
A=[123;514;34-1]
A=
1 2 3
5 1 4
3 4 -1
x =A(1,) y=A@3,) b=x.y c=x.1y
X= y= b= c=
1 2 3 34 -1 3 8-3 0.33 0.5 -3
K= xA2
Erorr:

2?? Error using ==> mpower Matrix must be square.
B:x*y
Erorr:

22?2 Error using ==> mtimes Inner matrix dimensions must agree.
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Array or Element-by-element multiplication is defined only for arrays having the same size. The definition of the

product x.*y, where x andy each have nelements, is

x Xy = [x(1)y(1), x(2)y(2), ..., x(n)y(n)]

if xand y are row vectors. For example, if

x = [2,4,—-5],y = [-7,3,—8]

then z = x.*y gives
2=[2(=7),4 (3), —5(—8)] = [~14, 12, 40]
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>>x = [2,4,—-5],y=[-7,3,-8]

If x and y are column vectors, the result of x.*y is a column vector. For example z = (x').*(y’) gives

2(-7) -14
Z = 43) | = 12
—5(-8 40

Note that x is a column vector with size 3 X 1 and thus does not have the same size as y, whose size is 1 X 3.

Thus for the vectors x and y the operations x".*y and y.*x" are not defined in MATLAB and will generate an error message.
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The array operations are performed between the elements in corresponding locations in the arrays. For example,
the array multiplication operation A.*B results in a matrix C that has the same size as A and B and has the

elements c.=a..b... For example, if
i CijTij
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Built-in MATLAB functions and Matrix

The built-in MATLAB functions such as sqrt(x) and exp(x) automatically operate on array arguments to produce an

array result the same size as the array argument x.

Thus these functions are said to be vecrorizedfunctions.

For example, in the following session the result y has the same size as the argument X.
>>x = [4, 16, 25];
>>y = sqrt(x)

)}:
245
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Built-in MATLAB functions and Matrix

However, when multiplying or dividing these functions, or when raising themto a power, you must use element-by-

element operations if the arguments are arrays.
For example, to compute z = (€”sin x) coszx,you must type

z = exp(y).*sin(x).*(cos(x).A2)

z = exp(y).*sin(x).*(cos(x))./2

You will get an error message if the size of x is not the same as the size ofy. The result z will have the same size as x

andy.
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>> exp(y)

ans =

2.7183
2.7183
2.7183

>>sin(y)

ans =
0.8415
0.8415
0.8415

2.7183
2.7183
2.7183

0.8415
0.8415
0.8415

2.7183
2.7183
2.7183

0.8415
0.8415
0.8415

>y

&)Li_aJl
Matrix
dpabis 2 o 25 culS V) s laly el Al clleed) 488
>>y/10 e oS e o Gilbleal) (s o] jaY Gl siaall aladtiul (Say

Cullan o

ans —

0.1000 0.1000 0.1000
0.17000 0.1000 0.1000

0.17000 0.1000 0.1000 (3 pdlae uld ghimall g dpalil adll Ay S Cillanll o) ) (S

(e paic JS g dalull dadl) (o Adlaall o] ol duliey 0 S5
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Transpose
>>d=[2+3i 3+4i 6+5i O]
d=

2.0000 + 3.0000i 3.0000 +4.0000i 6.0000 + 5.0000i 0.0000 + 0.0000i ,
>> transpose(d)==d.

>> (' >>d. >> transpose(d)

ans —

ans = ans = ans = .
4x1 Ioglcal array

2.0000 - 3.0000i

1
3.0000 - 4.0000i 3.0000 + 4.0000i 3.0000 + 4.0000i ]
6.0000 - 5.0000i 6.0000 + 5.0000i 6.0000 + 5.0000i ]
0.0000 + 0.0000i 0.0000 + 0.0000i 0.0000 + 0.0000i ]

2.0000 + 3.0000i

2.0000 + 3.0000i
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>>d=[2+3i 3+4i 6+5i 0,2 30+40i 60+50i 0]
d- Transpose
2.0000 + 3.0000i  3.0000 + 4.0000;i 6.000@ +5.0000i  0.0000 + 0.0000i
2.0000 + 0.0000i  30.0000 +40.0000i  60.0000 +50.0000i  0.0000 + 0.0000i
>>d' s> d. >> transpose(d)==d.
ans =
ans = ans =
2.0000 - 3.0000i 2.0000 + 0.0000i 2.0000 + 3.0000i 2.0000 + 0.0000i 12 logical array
3.0000 - 4.0000i 30.0000 -40.0000i 3.0000 + 4.0000i 30.0000 +40.0000i
6.0000 - 5.0000i 60.0000 -50.0000i 6.0000 + 5.0000i 60.0000 +50.0000i
0.0000 + 0.0000i 0.0000 + 0.0000i 0.0000 + 0.0000i 0.0000 + 0.0000i

_ )
_ )
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>d=[2 3 0;6 30 0;111]
d=

2 3 0

6 30 O

1T 1 1

’

>>d

ans —

2 6 1
3 30 1
0O 0 1

[

Transpose
>>d.
dans =
2 6 1
3 30 1
0 0 1

>> transpose(d)
ans =

2 6 1

3 30 1

O 0 1
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Matrix determine

det(X) is the determinant of the square matrix X.

>>d=[2 3 0;6 30 0;111]
d=

2 3 0

6 30 O

1 1 1

>> det(d)

dans —

2(30-0)-3(6-0)+0(6-30)=60-18=42

42.0000
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inv Matrix inverse. Matrix inverse

inv(X) is the inverse of the square matrix X.

A warning message is printed if Xis badly scaled or nearly singular.

>>inv(d)

dans —

0.7143 -0.0714 0
-0.1429 0.0476 0
-0.5714 0.0238 1.0000
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=x A=[1 3 1; 1 =2 1: 1 5 0]

oL =
1 3 1
1 & 1
1 5 a

== detld)

[

deol o
6)jliaJl

Fr A1)

> 1nwiA)
ans =
-5 5
1 -1
3 -2
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Matrix inverse

The inverse of a square matrix A with a non zero determinant is the adjoint matrix divided by the determinant

1
A= adj(a)
det(A)

The adjoint matrix is the transpose of the cofactor matrix.

The cofactor matrix is the matrix of determinants of the minors Aij multiplied by 1,

https://manara.edu.sy/
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Matrix inverse dola
o)tioJl
1 1 -1 1 -1 1
- T i 2
1 2 0] 14 3
A= -1 11 Cofactor matrix = | - 2 0 —I—l o 12 = -6 3 -0
1 2 3 2 3 1 3 1 2
2 -1 3
Determinant = 9 B B
1 0 2
+ - +
1 1 -1 1 -1 1
1 -6 2 B B
Adjoint matrix = Transpose of cofactor matrix=| 4 3 -1l 1 0 0
- - 3 0 3 AAT=0 1 0
19 -6/9 2/9 - - 0 0 1
Al=InverseofA= 4/9 3/9 -1/9 _ |
=379 § 379
- https://manara.edu.sy/
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as2
a3 3
sz 3
o1
3,1

P
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Matrix inverse

az 3
as 3
ds1
as 1
da 2

ds 9

dijz dip
33 d32
dy1 di3
dz 1 d3,;3

i1z di1

?

ds o d31
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Adjoint Of a Matrix 2 x 2 8ol
Let A be the 2 x 2 matrix and is given by: Matrix inverse
aip a2
az a
Then, the adjoint of this matrix is:
A A N . The inverse of a 2x2 matrix can be written explicitly, namel
ﬂ-de: [ 1 = < O lalaall 48 gaina J 58k P y y
Az Ap
Here,
inverse of A
A4, = Cofactor of a;; =a22
Aq2 = Cofactor of @12 =-a21 [all al217t 1 a22 —al2
a2l a22l  all1*a22-al2*a21l-a21 all

A,, = Cofactor of ay; =-a12

A-- = Cofactor of az» =al1
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Division

/ Slash or right matrix divide.

A/B is the matrix division of B into A, which is roughly the same as A*inv(B)

\ Backslash or left matrix divide.

A\B is the matrix division of A into B, which is roughly the same as inv(A)*B
®* X=A\Bisthe solution to the equation A*X =B
* Aleye(size(A)) produces the inverse of A.
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Examples

>>A=[120;-111;123]
A=

>> inv(A)

ans =
0.1111 -0.6667 0.2222
0.4444 0.3333 -0.1111
-0.3333 0 0.3333

[

6)jliaJl

>> A\eye(size(A))

ans —

0.1111 -0.6667 0.2222
0.4444 0.3333 -0.1111
-0.3333 0 0.3333

>> eye(size(A))/A

ans —

0.1111 -0.6667 0.2222
0.4444 0.3333 -0.1111
-0.3333 0 0.3333
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Examples 5> B/A
>> B=eye(3) ans =

1T 0 0.1111 -0.6667 0.2222
0O 1 O 0.4444 0.3333 -0.1111
0 O -0.3333 0 0.3333

>>A/B >>B\A

ans — ans —

1 2 0

-1 1 2 0

1 2 3 11 1
1 2 3
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dail OV aleall Jsla 1 x2 S5 4l ab e o
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Untitled.m
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a=input(input a as a 1*n vector:’);
b=input(input b as a 1*n vector:);

c=input(input c as a 1*n vector:);
delta=b.A2 -4*a.*c;

x1=(-b+sqrt(delta))./(2*a);
x2=(-b-sqrt(delta))./(2*a);

>> Untitled
inputaas a 1*n vector:[ 1 2 3]
input b as a 1*n vector:[4 5 6]

input c as a 1*n vector:[1 2 3]

>> delta
delta=
12 9 0
>>x1,x2
x1=
-0.2679 -0.5000 -1.0000
X2 =

-3.7321 -2.0000 -1.0000
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[A]n*n * [X]n*1= [B]n*l
[Alnin * [Alnan * [X]ne1= [Alen * [Blna

[I]n*n * [X]n*1: [A]Eﬂ:}n * [B]n*l
[XTnea = [Alnin * [Blna
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Untitled2.m | Jseae no dalaa n Jal G—A\-Ue iy
A=input(input a as a n*n matrix:); >>Untitled2
B=input(input b as a n*1 vector:); input a as a n*n matrix:[12 3;121;45 6]
input b as a n*1 vector:[6; 6 ;6]
x=A\B; result is
disp(‘resultis) -6

disp(x)
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Thanks.

MATLAB
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