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1.1INPUT Prompt for user input.

R = INPUT('How many apples’) gives the user the prompt in the text string and then
waits for input from the keyboard. The input can be any MATLAB expression, which is
evaluated, using the variables in the current workspace, and the result returned in R. If
the user presses the return key without entering anything, INPUT returns an empty

matrix.

R = INPUT('What 1s your name','s') gives the prompt in the text string and waits for

character string input. The typed input 1s not evaluated; the characters are simply

returned as a MATLAB string.

a=input('a=")
b=input('b=")
cl=a*b
c2=a/b
c3=a+b
cd=a-b
cS5=a’b

a=input('whats your name’, 's')
Q=
ali
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Control Flow and operators

Introduction
MATLAB 1s also a programming language. Like other computer programming

languages, MATLAB has some decision making structures for control of command
execution. These decision making or control flow structures include for loops, while
loops, and 1if-else-end constructions. Control flow structures are often used in script M-
files and function M-files. By creating a file with the extension .m, we can easily write
and run programs. We do not need to compile the program since MATLAB 1s an
interpretative (not compiled) language. MATLAB has thou and of functions, and you can
add your own using m-files. MATLAB provides several tools that can be used to control
the flow of a program (script or function). In a simple program as shown in the previous
Chapter, the commands are executed one after the other. Here we introduce the flow
control structure that make possible to skip commands or to execute special group of
commands.

Control Flow
MATLAB has four control flow structures: the if statement, the for loop, the while loop,

and the switch statement.

1. If Statement

What are you doing 1f you want certain parts of your program to be executed only in

limited circumstances. The way to do that 1s by putting the code within an "if" statement.
The
most basic structure for "if" statement 1s as following:

if (relation)
(matlab commands)
end

More complicated structures are also possible including combinations like the following:
e if...end

e if...else...end

o if...elseif...else... end end
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2-Relational and logical operators

A relational operator compares two numbers by determining whether a comparison 1s frue
or false. Relational operators are shown in Table 5.1.
Table 5.1: Relational and logical operators

OPERATOR DESCRIPTION

- (Greater than
" l.ess than
- Greater than or equal to

= Less than or equal to
== Equal to
~— Not equal to
& AND operator
| OR operator
~ NO'T operator

For example 1
a=10;

b =15;
if a<b
c=a"2
end

Example 2

a=input('a=')
b=input('b=")
if a<b
cl=a*b
c2=a/b
c3=a+b
cd=a-b
cS=a’b

end

disp('a more than b')
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Additional statements can be added for more decision. The following
code sets the

variable j to be 2 when a greater than b.
Example 3

a=10;

b=15;

ifa<b

c=a’2

elseifa>b

c=b"2

end

The else statement provides all that will be executed 1f no other
condition 1s met. The

following code sets the variable j to be 3 when a is not greater and
less than b.

Example 4
a=10;

b =10;

if a<b

c= a2
else if a>b
J=2

Example 5
a=input('a=")
b=input('b=")
a=10;
b=10;

if a<b
c=a’2

else if a>b
J=2

else
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j=3
end

A Quick Introduction to Loops in Matlab

Loops are used to repeat sequences of calculations. In Matlab, loops

can be implemented with a for ...end construct or a while ...end
construct. In terms of their ability to repeat a series of
calculations, for loops and while loops are equivalent.

for Loops

for loops are often used when a sequence of operations is to be
performed a predetermined number of times. For example computing the
average of a list of numbers requires adding up a known number of
values

For variable = expression

statement

end

[ncrements can be positive

for 1 = 0:2:10

end

or negative
for 1 = bi-1:-b

end

For example, a simple loop will go around four times:
for j=1:5

J

end

m_- M_- d_l
i 1

m_I h_I
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For another example, if we define a vector and later want to change
1t elements, we can step though and change each individual entry:
Example 1

v = [0:5:20];

for j=1:5;

v(ij) = J
end

>>V

V =

1 2 3 4 5
Example 2

Assume n has a given value. Create the square matrix of nxn
elements, using a(i, j) =
N=input('n=")

fori=1:n

forj=1:n

a(l,)) = I"J;

end

end

Example 3

Find summations of even numbers between 10 and 50
sum = 0;

fori=10:2:50
sum = sum + I
end

sum= 630

Note: if the increment is one you may write the first and the last
limit without writing a step. In this case, the for—line above would

become fori=0:100.
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warning: [f you are using complex numbers, you cant use 1 as the loop

1ndex.

Example 4

for a=0:pi/6:pi

d = a*180/pi; % convert to degrees
yl=sin(a)

y2=cos (a)

end

Example 6

Compute the average of a list of numbers

n=input C n=")

x = rand (1, n);

s = 0,

for 1=1:n

s =s + x(i)

end

AV = s/n

Example 7

clear all

x = 1:5;

for j=1:5
s (G "=l j) 2
c(j) = x(j) 3;
£(j) “

x(j) 4;

end

—Hh O W
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2-Basic plotting:

2.1. overview
MATLAB has an excellent set of graphic tools. Plotting a given data set or the results of

computation 1s possible with very few commands. You are highly encouraged to plot
mathematical functions and results of analysis as often as possible. Trying to understand
mathematical equations with graphics is an enjoyable and very efficient way of learning

mathematics. Being able to plot mathematical functions and data freely is the most
important step, and this section i1s written to assist you to do just that.

2.2. Creating simple plots
The basic MATLAB graphing procedure, for example in 2D, 1s to take a vector of x-

prepare X and y 1n an identical array form; namely, X and y are both row arrays or column
arrays of the same length.

The MATLAB command to plot a graph 1s plot(x,y). The vectors

x=(1;2;3;4;5;6)

and y = (3;-1; 2; 4; 5; 1) produce the picture shown in Figure 2.1.

>>x=[123456];

>>y=[3-12451];

>> plot(x,y)
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Note: The plot functions has different forms depending on the input arguments. If y is a
vector plot(y)produces a piecewise linear graph of the elements of y versus the index of
the elements of y. It we specity two vectors, as mentioned above, plot(x,y) produces a
graph ot y versus x. For example, to plot the function sin (x) on the interval [0; 2Y4], we
“rst create a vector of x values ranging from 0 to 2Y4, then compute the sine of these
values, and finally plot the result: 5

=1

1 2 3 4 5 6

Figure 2.1: Plot for the vectors x and y

2.3 Adding titles, axis labels, and annotations

MATLAB enables you to add axis labels and titles. For example, using the graph from
the previous example, add an x- and y-axis labels. Now label the axes and add a title. The
character \pi creates the symbol 4. An example of 2D plot is shown in Figure 2.2.

Plot of the Sine function
1 | W I |

08l 3 |
06+

5%
04+ / \ —
' \

Sine of x
o
1

Figure 2.2: Plot of the Sine function
>> xlabel('x = 0:2\p1')
>> ylabel('Sine of x')
>> title('Plot of the Sine function’)
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The color of a single curve is, by default, blue, but other colors are possible. The desired
color 1s indicated by a third argument. For example, red 1s selected by plot(x,y,1'). Note
the single quotes, ' ', around r

2.4 Multiple data sets in one plot

Multiple (x; y) pairs arguments create multiple graphs with a single call to plot. For
example, these statements plot three related functions of x: yl = 2 cos(x), y2 = cos(x),
and y3 = 0:5 * cos(X), 1n the interval 0 <x <2x.

>> x = 0:p1/100:2%pi;

>> vyl = 2%cos(X);

>> y2 = cos(X);

>> y3 = 0.5%cos(x);

>> plot(x,y1,--',x,y2,-,x,y3,"")

>> xlabel('0 \leq x \leq 2\p1')

>> ylabel('Cosine functions')

>> legend('2*cos(x)','cos(x)','0.5*cos(x)')

>> title("Typical example of multiple plots’)

The result of multiple data sets 1n one graph plot 1s shown 1n Figure 2.3.

Typical example of multiple plots
3 I I | I | I

— = — 2 C0s{X)
cos(x)
0.5"cos(x)

Cosine functions
i
-~
'
"“-4.‘.
|

0<x<2Zn

Figure 2.3: Typical example of multiple plots

By default, MATLAB uses line style and color to distinguish the data sets plotted in the
graph. However, you can change the appearance of these graphic components or add
annotations to the graph to help explain your data for presentation.

2.5 Specitying line styles and colors
It 1s possible to specity line styles, colors, and markers (e.g., circles, plus signs, . . . )

using

10
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the plot command:

plot(x,y,'style_color_marker')

where style_color_marker 1s a triplet of values from Table 2.3.

To find additional information, type help plot or doc plot.

Table 2.3: Attributes for plot

SYMBOL COLOR SYMBOL LINE STYLE | SyMBOL MARKER
k Black - Solid - Plus sign
¥ Red —_— Dashed 0 Circle
b Blue : Dotted % Asterisk
g (Green —. Dash-dot Point
C Cyan none No line ¥ Cross
m Magenta S Square
y Yellow d Diamond

3-D Plots

Three-dimensional plots typically display a surface defined by a function in two

variables, z = f(x,y) .

To evaluate z, first create a set of (x,y) points over the domain of the function using

meshgrid.

[X,Y] = meshgrid(-2:.2:2);

1 =X .*exp(-X.*2 - Y.?2);
Then, create a surface plot.
surf(X,Y,Z)

Both the surf function and its
companion mesh  display
surfaces in three dimensions.
surf  displays  both  the
connecting lines and the faces

of the surface in color. Mesh

11
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produces wireframe surfaces that color only the lines connecting the defining points.
t=.01:.01:20"pi;

x=cos(t);

y=sin(t); .

z=t.73;

plot3(x,y,z)

The re resulting plot 1is s
1.5 ‘

shown 1n below

05 TN |

Subplots

You can display multiple plots in different sub regions of the same window using the

subplot function.

The first two inputs to subplot indicate the number of plots in each row and column. The
third 1input specifies which plot 1s active. For example, create four plots in a 2-by-2 grid
within a figure window.

t = 0:pi/10:2%pi;

[X,Y,Z] = cylinder(4*cos(t));

subplot(2,2,1); mesh(X); title('X");

subplot(2,2,2); mesh(Y); title('Y");

subplot(2,2,3); mesh(Z); title('Z’);

subplot(2,2,4); mesh(X,Y,Z); title('X,Y,Z');

12
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from the top left. All of plot properties such as hold and grid work

on the current subplot individually.

x=0:.01:1;

subplot(221), plot(x,sin(3*pi*x))
xlabel('x'),ylabel('sin (3pix)")
subplot(222), plot(x,cos(3*pi*x))
xlabel('x'),ylabel('cos (3pix)’)
subplot(223), plot(x,sin(6*pi*x))
xlabel('x"),ylabel('sin (6pix)')
subplot(224), plot(x,cos(6*pi*x))
xlabel('x"),ylabel('cos (6pix)’)

The re resulting plot 1s shown in below

13
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3.Matrix generators

MATLAB provides functions that generates elementary matrices. The matrix of zeros,
the matrix of ones, and the identity matrix are returned by the functions zeros, ones, and
eye, respectively.

Tablel Elementary matrices

eye(m,n) Returns an m-by-n matrix with 1 on the main diagonal
eye(n) Returns an n-by-n square i1dentity matrix
zeros(m,n) | Returns an m-by-n matrix of zeros
ones(m,n) | Returns an m-by-n matrix of ones
diag(A) Extracts the diagonal of matrix A
rand(m,n) Returns an m-by-n matrix of random numbers
14
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For a complete list of elementary matrices and matrix manipulations, type help
elmat or doc elmat. Here are some examples:

l. >> b=ones(3,1)
b =

Equivalently, we can define b as >> b=[1;1;1]

2. >> eye(3)
ans =
] 0O O
0 1 O
0 0O 1
3. >> c=zeros(2,3)
C —
0 0O O
0 0 0

In addition, it 1s important to remember that the three elementary operations of ad-
dition (+), subtraction (), and multiplication (&) apply also to matrices whenever the

dimensions are compatible.
Two other important matrix generation functions are rand and randn, which

generate matrices of (pseudo-)random numbers using the same syntax as eye.

In addition, matrices can be constructed in a block form. With C dby C =[1 2; 3 4],
we may create a matrix D as follows

>> D = [C zeros(2); ones(2) eye(2)]
D=

1 2 0
3 - 0
1 | ]
| | 0

—_— O O O

15
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1.2 Array operations

MATLAB has two different types of arithmetic operations: matrix arithmetic operations
and array arithmetic operations. We have seen matrix arithmetic operations in the
previous lab. Now, we are interested 1n array operations.

1.2.1Matrix arithmetic operations

As we mentioned earlier, MATLAB allows arithmetic operations: +, ;, &, and ” to be
carried out on matrices. Thus,

A+B or B+A 1s valid if A and B are of the same size

A*B 1s valid if A's number of column equals B's number of rows
AN2 is valid if A is square and equals A*A

®*A or A*® multiplies each element of A by ®

Array arithmetic operations

On the other hand, array arithmetic operations or array operations tor short, are done
element-by-element. The period character, ., distinguishes the array operations from the
matrix operations. However, since the matrix and array operations are the same for addition

(_

O

-) and subtraction (;), the character pairs (:+) and (:;) are not used. The list of array
perators 1S shown below 1n Table 3.2. If A and B are two matrices of the same size with

C

lements A = [a;j] and B = [bjj], then the command

[ Element-by-element multiplication
/| Element-by-element division
/| Element-by-element exponentiation

Table 2. Array operators

>>C=A.*B

produces another matrix C of the same size with elements c¢;j; = a;jbjj. For example, using

the same 3 £ 3 matrices,

16
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[ 1 2 3| 10 20 30
A=14 5 B= 1| 40 50 60
7 8 9 0 80 90
we have,
>>C=A.*B
C =
10 40 90
160 250 360
490 640 810

To raise a scalar to a power, we use for example the command 1072. If we want the
operation to be applied to each element of a matrix, we use .A2. For example, if we want

to produce a new matrix whose elements are the square of the elements of the matrix A,
we enter

>> AN2
ans =
1 4 9
16 25 36
49 64 381

The relations below summarize the above operations. To simplity, let's consider
two vectors U and V with elements U = [u;] and V = [vj].

U xV :_')l'{__}(1_11('{_‘H -Hlf'l uav2 . .. ”n*”rr]
[/ ‘ :_'}1‘{}(.11(‘{‘:-; ”l/t' 1 H}/t D o e H”/t””,]
U.

1 . ' 3 i Il]- 'E-H
produces [uy' uy® ... ul"]

Operation Matrix  Array
Addition + +
Subtraction / h
Multiplication o :
Division = =
Left division n n
Exponentiation A A

Table 3. Summary of matrix and array operations

1.3 Solving linear equations

1/




Assistant Lecturer Diyala university/College of Engineering

Omar Abbood Imran MatlLab Department of Chemical
2016 — 2017 Second Class

One of the problems encountered most frequently in scienti” ¢ computation 1s the solution
of systems of simultaneous linear equations. With matrix notation, a system of
simultaneous linear equations 1s written

Ax=0>b (3.1)

where there are as many equations as unknown. A i1s a given square matrix of order n, b 1s a
given column vector of n components, and x 1s an unknown column vector of n components.

In linear algebra we learn that the solution to Ax = b can be written as x = A'lb, where

Al is the inverse of A.
For example, consider the following system of linear equations

r+2y+3z = 1
dr +5y+ 6z = 1
T;I‘- T B Sy — 1
The coefficient matrix A 1s
11 & 3. il
A=14 5 6 and the vector b=
7 8 9

With matrix notation, a system of simultaneous linear equations is written

Ar =0
This equation can be solved for x using linear algebra. The result is x = Allp,
There are typically two ways to solve for x in MATLAB:

1. The first one is to use the matrix inverse, 1nv.

18
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>A=[123;456;7 80];
>b=][1;1;1];
>> X = 1v(A)*b
X =
-1.0000

1.0000
-0.0000

2. The second one is to use the backslash (n)operator. The numerical algorithm behind
this operator 1s computationally efficient. This 1s a numerically reliable way of solving
system of linear equations by using a well-known process of Gaussian elimination.

>>A:[123;456;780];
>>b=[1;1;1];

>> x=A\b

X —
-1.0000
1.0000
-0.0000

This problem 1s at the heart of many problems in scientific computation. Hence it 1s
important that we know how to solve this type of problem efficiently.

Now, we know how to solve a system of linear equations. In addition to this, we
will see some additional details which relate to this particular topic.

1.4 Matrix inverse

[ _et's consider the same matrix A.

)
i

1
A= 1| 4
7

o0 N

0

Calculating the inverse of A manually 1s probably not a pleasant work. Here the hand-
calculation of A’! gives as a final result:

. 16 8 -1
A*lzﬁ 4 -7 9
-1 2 -1

In MATLAB, however, it becomes as simple as the following commands:

19
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> A=[123;456;780];
>> 1nv(A)
ans =
-1.7778 0.8889 -0.1111

1.5556 -0.7778 0.2222 -
O0.1111 0.2222 -0.1111

which 1s similar to:

i [—18. B -1
,-*1_1:5 ].—]: —T 2
-1 2 -1 |

and the determinant of A 1s

>> det(A)
ans =

27

For further details on applied numerical linear algebra, see [10] and [11].

1.5 Matrix functions

MATLAB provides many matrix functions for various matrix/vector manipulations; see
Table 3.3 for some of these functions. Use the online help of MATLAB to "nd how to
use these functions.

det | Determinant

diag | Diagonal matrices and diagonals of a matrix

eig | Eigenvalues and eigenvectors

inv | Matrix inverse

norm | Matrix and vector norms

rank | Number of linearly independent rows or columns

Table 4. Matrix functions

20
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Exercises

1- Matrix Operations

Compute 4 + B and 4 — B given that

A

Solution:

A+ B =

and

A-B

Check with MATLAB:

A=[123;01 4]; % Define matrices A
B=[2 3 0; -1 2 5]; % Define matrices B
ml=A+B % Add A and B

m2=A-B % Subtract B from A

21

o

~ Ny

3 and B =
4_. -
+3 3+0
1+ 4+5
2—-3 5—0_.
1-2 4-5

3 o
25
3 5
_1 5
-1 -1
1l -1
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Muluply the matnx

4 = 1 =2
2 3
by
a k} — 5
Solution:
a.
k}'.‘;t:j)( }-'? =['x1 j}((—:) =[5 -10
2 3 32 Ix3 | 10 15|
b.
k-, _{:(_3+J__?)x I - (—3"‘_}3)!] '(—-';“"'_f:)x(—.?) _ —3+]:
' 2 3] [(-3+j2)x2 (-3+j2)x3 | |-6+j4
Check with MATLAB:
clc
clear

k1=5; % Define scalars kl

k2=(-3 + 2*]); % Define scalars k2

A=[1 =-2; 2 3]; % Define matrix A

ml=kl*A %5 Multiply matrix A by -constant Kkl
m2=k2*A SMultiply matrix A by constant k2

22
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Matnces C and D are defined as

C=]:_334] and D = |_;

Cﬂmpute the products C-D and D- C

Solution:

The dimensions of matnces C and D are respectively / x 3 3 x I ; therefore the product C- D 1s
feasible. and will result in a 7 x 71 _ that 1s,

C:D=234|-1] = (- (D+B3)-(-D+#-2)] = [7

The dimensions for D and C are respectively 3 x I 1 x 3 and therefore, the product D - C 1s also

feasible. Multiplication of these will produce a 3 x 3 matnx as follows:

1 (D-(2) (-3 @] |2 3 4
D-C=|_] [334] = |(-D:-(2) -D-(3) (-] =|-2 -3 4
- 4 1 (2)-(2) (2)-(3) (2)-(4)] 4 0 §
Check with MATLAB:
clc
clear

C=[2 3 4]; % Definesmmatriees C and D
D=[1; -1; 2]:; % Define matrices C and D
ml=C*D % Multiply C by D

m2=D*C % Multiply D by C

23
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2- Determinants of Matrices

Matrices 4 and B are defined as

[ > _7 _ﬂ;
A = and B = |~
_3 4 _.? 0_
Compute derd and detB.
Solution:
detA = 1-4-3-2 =4—-06 = -2
detB = 2-0-2-(-1) = 0-(-2) =2
Check with MATLAB:
;lc
clear

A=[1 2; 3 4];

B=[2 =1; 2 0]; % Define matrices A and B
det (A) % Compute the determinant of A
det (B) % Compute the determinant of B

> 3 5 > _3 4
A=17 o0 1| andB = |1 ¢ -2
2 10 0 -5 -6

Solution:
det(A)=2(0*0-1*1) - 3(1*0-1*2) + 5(1*1-0*2)=-24+6+5=9
det(B) = 2(0*(-6)-(-2)*(-5)) - (-3)(1*(-6)-0*(-2)) +4(1*(-5)-0*0)=-18

Check with MATLAB:

clc

clear

A=[2 3 5;, 1 0 1; 2 1 0]; % Define matrix A

B=[2 -3 -4; 1 0 -2; 0 -5 -06]; % Define matrix B
det (A) % Compute the determinant of A

det (B) % Compute the determinant of B

24
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3- Cramer’s Rule

Let us consider the systems of the three tquatinns below

apx+apy+ap;z =4
Ay, X+a,y+a,z =B
ﬂ511'+£13:.1' +ﬂ_¢3.'_' p— C
and let
@y ap> aj; A aj; aj; a;; A aj; a; agp, A
A=|ayayay| Di=|Bayay| D:=|ayBay| Ds=|aya,B
Az Az, aj; C ajz aj; az; Caj; az az C

Cramer 5 rule states that the unknowns x, v, and Z can be found from the relations

D

A ;

_ 93
A

o
provided that the determinant A (delta) 1s not zero.

Use Cramer’s rtule to find Vi, Vi, and V3 if
31'1 — .5 —1': + 31‘3
—2v;—3v, — 4y,

l
S

v +3v)—F—v;
and venfy your answers with MATLAB.

Solution:

Rearranging the unknowns ¥, and transferning known wvalues to the nght side, we get
2V =V, +3Vy, = )

—41*1 = 31’_1 —.21-'3 = &8

Now, by Cramer’s rule,

2 =t 3| 2 =2 5 -1 3|5 -1
A=|_4 _3 _>2|_4_3 =6+6-12+27+4+4 = 35, D,=|18 3 2|8 3 =15+8+24+36+10-8 = &5
3 F =i 3 1 4 1 -1 4
2 5 3 zZ2 3
D,=|_4 8§ 2| -4 8§ =-10-30-48-72+10-20 = -170
3 4 -1 3 4
2 =F 3 2 =]
D;=)|_4 3 8| ¢4 -3 =—24—-24-20+45—-10—-10 = =55
3 ] 4 3 ]
Then,
Vi=a_8_17 v, D2_ 170_ 3¢ v, _Ds_ 55_ U
1= A 7377 -~ A 35 7 > T A 35 7
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We will verify with MATLAB as follows.

clear

% The following code will compute and display the values of v1, v2
and v3.

B=[2 -1 3;-4 -3 -2; 31 -1]; % The elements of the determinant
D of matrix B

delta=det(B); % Compute the determinant D of

matrix B

di1=[5-13;8-3-2;41 -1]; % The elements of D1
detd1l=det(d1); % Compute the determinant of D1
d2=[253;-48-2;34-1]; % The elements of D2
detd2=det(d2); % Compute the determinant of D2
d3=[2-15;-4-38;314]; % The elements of D3
detd3=det(d3); % Compute he determinant of D3
vl=detdl/delta; % Compute the value of vl

v2=detd2/delta; % Compute the value of v2

v3=detd3/delta; % Compute the value of v3

disp('vl=");disp(vl); % Display the value of vl
disp('v2=");disp(v2); % Display the value of v2
disp('v3=");disp(v3); % Display the value of v3
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4- The Inverse of a Matrix

Matrix 4 1s defined as

1 2 3
4 =11 3 4
A
Compute its inverse, that is, find P
Solution:
Here, detd = 9+ 8+ 12-9—-16—- 0 = -2, and since this 1s a non-zero value, it 1s possible to com-
ute the inverse of 4 us: i = B '
p inver ng | 4 der.-lad‘;'{
2 4 |2 3 2 3
¢ 3| |# 3 3 4] ) _
- o = e s i O
adia = |_[1 4 ral > all-|s 5.3
1 3 1 3 3 4] =
2 3 |z 2 "
¥ =l X + £ I
Then, ~ - ) -
-7 6 =1 3.5-3 05
—1I 1 1
A4 =—Z-—adjd = =] 0 -1 = |-05 0 0.5
1 -2 1] —0.5 1 -0.5
Check with MATLAB:
B Soniviiciniviveivevnsnuavissssiliiiisessve i ccsvsosasvicss
clc
clear
A=[123;134;143];
invA=inv(A)

Joformat long;invA
Joformat short;invA
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