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1. Introduction 
MATLAB is a high-level technical computing language and interactive environment for 

algorithm development, data visualization, data analysis, and numeric computation. Using the 

MATLAB product, you can solve technical computing problems faster than with traditional 

programming languages, such as C, C++, and FORTRAN. The name MATLAB is derived from MATrix 

LABoratory. 

You can use MATLAB in a wide range of applications, including signal and image processing, 

communications, control design, test and measurement, financial modeling and analysis, and 

computational biology. Add-on toolboxes (collections of special-purpose MATLAB functions, 

available separately) extend the MATLAB environment to solve particular classes of problems in 

these application areas. 

MATLAB provides a number of features for documenting and sharing your work. You can 

integrate your MATLAB code with other languages and applications, and distribute your MATLAB 

algorithms and applications. Features include: 

 High-level language for technical computing 

 Development environment for managing code, files, and data 

 Interactive tools for iterative exploration, design, and problem solving 

 Mathematical functions for linear algebra, statistics, Fourier analysis, filtering, optimization, 

and numerical integration 

 2-D and 3-D graphics functions for visualizing data 

 Tools for building custom graphical user interfaces 

 Functions for integrating MATLAB based algorithms with external applications and 

languages, such as C, C++, Fortran, Java™, COM, and Microsoft® Excel. 

2. The MATLAB System 
The MATLAB system consists of these main parts: 

2.1 Desktop Tools and Development Environment 
This part of MATLAB is the set of tools and facilities that help the user to become more 

productive with MATLAB functions and files. Many of these tools are graphical user interfaces. It 

includes: the MATLAB desktop and Command Window, an editor and debugger, a code analyzer, 

and browsers for viewing help, the workspace, and folders. 

2.2 Mathematical Function Library 
This library is a vast collection of computational algorithms ranging from elementary 

functions, like sum, sine, cosine, and complex arithmetic, to more sophisticated functions like matrix 

inverse, matrix eigenvalues, Bessel functions, and fast Fourier transforms. 
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2.3 The Language 
The MATLAB language is a high-level matrix/array language with control flow statements, 

functions, data structures, input/output, and object-oriented programming features. It allows both 

"programming in the small" to rapidly create quick programs you do not intend to reuse. You can 

also do "programming in the large" to create complex application programs intended for reuse. 

2.4 Graphics 
MATLAB has extensive facilities for displaying vectors and matrices as graphs, as well as 

annotating and printing these graphs. It includes high-level functions for two-dimensional and 

three-dimensional data visualization, image processing, animation, and presentation graphics. It 

also includes low-level functions that allow the user to fully customize the appearance of graphics 

as well as to build complete graphical user interfaces on his MATLAB applications. 

2.5 External Interfaces 
The external interfaces library allows you to write C/C++ and Fortran programs that interact 

with MATLAB. It includes facilities for calling routines from MATLAB (dynamic linking), for calling 

MATLAB as a computational engine, and for reading and writing MAT-files. 

3. The Desktop 
When you start MATLAB, the desktop appears, containing tools (graphical user interfaces) 

for managing files, variables, and applications associated with MATLAB. 

Figure 1and Figure 2 are showing the default desktop for MATLAB 2010, whereas Figure 3 

shows the defult MATLAB 2014 desktop. You can customize the arrangement of tools and 

documents to suit your needs.  

3.1 Command Window 

Use the Command Window to enter variables and to run MATLAB functions and scripts. 

MATLAB displays the results as shown in Figure 4. 

Press the up arrow key ↑ (in the keyboard) to recall a statement you previously typed. Edit the 

statement as needed, and then press Enter to run it. 
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Figure 1 MATLAB Desktop 

 

Figure 2 MATLAB Desktop 
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Figure 3 the desktop of MATLAB 2014 

 

Figure 4 Executing commands using the command widow 

 

3.2 Command History 
Statements you enter in the Command Window are logged with a timestamp in the 

Command History. From the Command History, you can view and search for previously run 
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statements, as well as copy and execute selected statements. You can also create a file from selected 

statements. 

3.3 Workspace Browser 
The MATLAB workspace consists of the set of variables built up during a MATLAB session and 

stored in memory. You add variables to the workspace by using functions, running function and 

script files, and loading saved workspaces. 

4. MATLAB Variables 
 

Like most other programming languages, the MATLAB language provides mathematical 

expressions, but unlike most programming languages, these expressions involve entire matrices.  

MATLAB does not require any type declarations or dimension statements. When MATLAB 

encounters a new variable name, it automatically creates the variable and allocates the appropriate 

amount of storage. If the variable already exists, MATLAB changes its contents and, if necessary, 

allocates new storage. For example, 

>>  num_students = 25 

creates a 1-by-1 matrix named num_students and stores the value 25 in its single element. 

To view the matrix assigned to any variable, simply enter the variable name. 

variable names must satisfy the following conditions 

 Variable names consist of a letter, followed by any number of letters, digits, or underscores.  

 MATLAB is case sensitive; it distinguishes between uppercase and lowercase letters. (A) and 

(a) are not the same variable. 

 Variable names can be of any length less than 63 characters, if its more than 63 characters 

the program will take just the first 63 characters 

5. Operators 

5.1 Mathematical Operators 
The MATLAB arithmetic operators are 

The execution sequence of arthimatic operations as follow 

a. (     ) 

b. ^ 

c. *  , /  from left to right 

d. +  ,   -  from left to right 
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Example: 

>> a=10 

a = 

    10 

>> b=20 

b = 

    20 

>> c=a+b 

Description Mathematic 

representation  

MATLAB 

Symbol  

MATLAB 

representation 

Addition A+B + A+B 

Subtraction A-B - A-B 

Multiplication A x B * A*B 

Division 𝐴

𝐵
 

/ A/B 

Left division  𝑥 = 𝐴−1. 𝑏 \ A\B 

Power Ab ^ A^b 

Complex conjugate 

transpose 

AT ' A’ 

Specify evaluation 

order 

(   ) ( )  
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c = 

    30 

>> c=a-b 

c = 

   -10 

>> c=a*b 

c = 

   200 

>> c=a/b 

c = 

    0.5000 

>> c=a\b 

c = 

     2 

>> c=a^b 

c = 

  1.0000e+020 

5.2 Relational Operators 
 

Operator Description 

A < B A less than B 

A > B A greater than B 

A <= B A less than or equal B 
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Operator Description 

A >= B A greater than or equal B 

A == B A  equal B 

A ~= B A not equal B 

 

The relational operators are <, >, <=, >=, ==, and ~=. Relational operators perform element-

by-element comparisons between two arrays. They return a logical array of the same size, with 

elements set to logical 1 (true) where the relation is true, and elements set to logical 0 (false) where 

it is not. 

The operators <, >, <=, and >= use only the real part of their operands for the comparison. 

The operators == and ~= test real and imaginary parts. 

Example:  

>> x=[5 6 8; 30 10 5; 9 23 47]; 

>> y=[45 6 23 ; 30 6 4 ; 7 9 65]; 

>> L=y<x 

L = 

     0     0     0 

     0     1     1 

     1     1     0 

>> L=y>x 

L = 

     1     0     1 

     0     0     0 

     0     0     1 

>> L=y==x 

L = 

     0     1     0 

     1     0     0 

     0     0     0 

>> L=y<=x 

L = 

     0     1     0 

     1     1     1 

     1     1     0 

>> L=y>=x 

L = 

     1     1     1 

     1     0     0 

     0     0     1 

>> L=y~=x 

L = 

     1     0     1 

     0     1     1 
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     1     1     1 

>>  

5.3 Logical operator 
The following logical operators and functions perform element wise logical operations on 

their inputs to produce a like-sized output array. 

Logical operator Description Example  Equivalent Function  

& 

Perform AND logical operator. 
 Returns 1 for every element 
location that is true (nonzero) in 
both arrays, and 0 for all other 
elements. 

A & B and(A,B) 

| 

Perform OR logical operator. 
Returns 1 for every element location 
that is true (nonzero) in either one 
or the other, or both arrays, and 0 
for all other elements. 

A | B or(A,B) 

~ 
Perform NOT logical operator. 
Complements each element of the 
input array, A. 

~ A not(A) 

xor 

Perform Exclusive OR  logical 
operator. 
Returns 1 for every element location 
that is true (nonzero) in only one 
array, and 0 for all other elements. 

xor(A,B) 

 
 
 
 

 

The truth table for all the logical operators is shown in the table bellow 

A B ~ A A & B A | B xor(A,B) 

1 1 0 1 1 0 

1 0 0 0 1 1 

0 1 1 0 1 1 

0 0 1 0 0 0 

 

Example: 

>> x=[5 6 8; 30 10 5; 9 23 47]; 

>>y=[45 6 23 ; 30 6 4 ; 7 9 65]; 

>> L=y<x | y>x  

L = 

     1     0     1 

     0     1     1 

     1     1     1 

>> H=y<x & x>15 

H = 
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     0     0     0 

     0     0     0 

     0     1     0 

 

 

6. Numbers in MATLAB 
There are many kinds of numbers MATLAB deals with. 

1) Integers numbers (example 10, -10 , 30, -99 … etc.) 

2) Floating point numbers (Real Numbers) like (2.3 , 9.8, -1.5 … etc.) 

3) Scientific notation uses the letter e to specify a power-of-ten scale factor. Floating-point 

numbers have a finite precision of roughly 16 significant decimal digits and a finite range of 

roughly 10-308 to 10+308.  

Example 

>> x=2.3e12 

x = 

  2.3000e+012 

 

4) Complex numbers where the Imaginary numbers use either i or j as a suffix.  

Example   

>> 5+8i 

ans = 

   5.0000 + 8.0000i 

>> 3 + 6j 

ans = 

   3.0000 + 6.0000i 

 

5) Infinity number (inf). Infinity results from operations like division by zero and overflow, which 

lead to results too large to represent as conventional floating-point values. 

 >> 1/0 

ans = 

   Inf 

>> 3/0 

ans = 
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   Inf 

1/0, 1.e1000, 2^2000, and exp(1000) all produce Inf.  

log(0) produces -Inf.  

Inf-Inf and Inf/Inf both produce NaN (Not-a-Number). 

 

6) Not a Number ( NaN) .These result from operations which have undefined numerical results. 

These operations produce NaN: 

 Any arithmetic operation on a NaN, such as sqrt(NaN) 

 Addition or subtraction, such as magnitude subtraction of infinities as (+Inf)+(-Inf) 

 Multiplication, such as 0*Inf 

 Division, such as 0/0 and Inf/Inf 

 Remainder, such as rem(x,y) where y is zero or x is infinity 

7. Using the semicolon (;) and comma (,)  
The semicolon and comma can be used to write multiple MATLAB sentences in one line, but 

the difference is that the semicolon (;) execute the line without showing the result whereas the 

comma gives the result for the executed MATLAB code. 

Example: 

>> x=2;y=x^3; 

>>   

Example: 

>> x=2,y=x^3, 

x = 

     2 

y = 

    8 

>> 

8. Vectors and Matrices 
In the MATLAB environment, a matrix is a rectangular array of numbers. Special meaning is 

sometimes attached to 1-by-1 matrices, which are scalars, and to matrices with only one row or 

column, which are vectors. MATLAB has other ways of storing both numeric and nonnumeric data, 

but in the beginning, it is usually best to think of everything as a matrix. The operations in MATLAB 

are designed to be as natural as possible. Where other programming languages work with numbers 

one at a time, MATLAB allows you to work with entire matrices quickly and easily. 
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8.1 Vectors 
The vector is one dimensional array. The vector whose has (1 X n ) dimension is called row 

vector, while whose has (n X 1) is called column vector. 

The vector can be written by using the following procedure. 

1. Separate the elements of a row with blanks or commas for row vector and by semicolon (;) 

for column vector. 

2. Surround the entire list of elements with square brackets, [ ]. 

 

Example: 

>> row_vector=[1 5 7 3 6 9] 

row_vector = 

     1     5     7     3     6     9 

>> 

As shown in the example the row_vector variable is called row vector because it consists 

from one row and six columns. 

Example: 

>> col_vector=[1; 5; 7; 3; 6; 9] 

col_vector = 

     1 

     5 

     7 

     3 

     6 

     9 

>> 

As shown in the example the col_vector variable is called column vector because it consists 

from six rows and one column.  

The vector can be generated by using different ways. 

8.1.1 The Colon Operator 

The colon ( : ), is one of the most important MATLAB operators. It occurs in several different 

forms.  

Syntax of colon operator 

vector_name = start : step :end 
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For example the expression 

1:10 

is a row vector containing the integers from 1 to 10: 

1     2     3     4     5     6     7     8     9    10 

To obtain non unit spacing, specify an increment. For example, 

>>100:-7:50 

ans= 

100    93    86    79    72    65    58    51 

and 

0:pi/4:pi 

is 

0    0.7854    1.5708    2.3562    3.1416 

Example: 

>> x=0:.1:1 

x = 

          0    0.1000    0.2000    0.3000    0.4000    0.5000    0.6000    

0.7000     0.8000    0.9000    1.0000 

>> y=0:.11:1 

y = 

           0    0.1100    0.2200    0.3300    0.4400    0.5500    0.6600    

0.7700    0.8800    0.9900 

8.1.2 linspace Function 

There is another way by using linspace, this syntax used to generate specified number  

linspace (start value , end value , number of values)  

Example:  

>> linspace(.1,1,6) 

ans = 

    0.1000    0.2800    0.4600    0.6400    0.8200    1.0000 

8.2 Matrices 
A matrix is a two dimensional array. There are many ways to enter matrix in MATLAB.   

Where: 
Vector_name is the name of the vector’s variable name. 

Start is the first element in the vector. 
End is the last element in the vector. 

Step is the increment value. 
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 Enter an explicit list of elements. 

 Load matrices from external data files. 

 Generate matrices using built-in functions. 

 Create matrices with your own functions in M-files. 

The basic conventions could be followed  

1. Separate the elements of a row with blanks or commas. 

2. Use a semicolon, ; , to indicate the end of each row.  

3. Surround the entire list of elements with square brackets, [ ]. 

 

Example: 

>> x=[6 8 9 10;3 7 6 8;1 4 2 6] 

x = 

     6     8     9    10 

     3     7     6     8 

     1     4     2     6 

>> 

Once you have entered the vector or matrix, it is automatically remembered in the MATLAB 

workspace. 

MATLAB software provides four functions that generate basic matrices. 

Function Name Description 

zeros All zeros 

ones All ones 

rand Uniformly distributed random elements 

eye identity matrix 

8.2.1 zeros function 

Create array of all zeros 

Syntax 

B = zeros(n) 

B = zeros(m,n) 

B = zeros(n) returns an n-by-n matrix of zeros. An error message appears if n is not a scalar. 

B = zeros(m,n) or B = zeros([m n]) returns an m-by-n matrix of zeros. 

8.2.2 ones 

Create array of all ones 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/zeros.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/ones.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/rand.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/randn.html
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Syntax 

Y = ones(n) 

Y = ones(m,n) 

Y = ones(n) returns an n-by-n matrix of 1s. An error message appears if n is not a scalar. 

Y = ones(m,n) or Y = ones([m n]) returns an m-by-n matrix of ones. 

Example: 

>> x=zeros(2,3) 

x = 

     0     0     0 

     0     0     0 

>> y=ones(3,2) 

y = 

     1     1 

     1     1 

     1     1 

8.2.3 rand 

Uniformly distributed pseudorandom numbers 

Syntax 

r = rand(n) 

rand(m,n) 

r = rand(n) returns an n-by-n matrix containing pseudorandom values drawn from the 

standard uniform distribution on the open interval (0,1).  

rand(m,n) or rand([m,n]) returns an m-by-n matrix. 

Example: 

>> x=rand(3,5) 

x = 

    0.8147    0.9134    0.2785    0.9649    0.9572 

    0.9058    0.6324    0.5469    0.1576    0.4854 

    0.1270    0.0975    0.9575    0.9706    0.8003 

In order to generate a random numbers in the rang [ a, b] use the following syntax: 

r = a + (b-a)*rand(n,m); 

Example: 

>> a=2;b=5; 

>> xr=a+(b-a)*rand(2,3) 

xr = 

    2.4257    4.7472    4.8785 

    3.2653    4.3766    3.9672 

8.2.4 eye 

Generate identity matrix  
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Syntax 

Y = eye(n) 

Y = eye(m,n) 

Y = eye(n) returns the n-by-n identity matrix.  

Y = eye(m,n) or Y = eye([m n]) returns an m-by-n matrix with 1's on the diagonal and 

0's elsewhere. The size inputs m and n should be nonnegative integers. Negative integers are treated 

as 0.  

Example: 

>> xi=eye(5) 

xi = 

     1     0     0     0     0 

     0     1     0     0     0 

     0     0     1     0     0 

     0     0     0     1     0 

     0     0     0     0     1 

>> yi=eye(2,3) 

yi = 

     1     0     0 

     0     1     0 

8.3 Subscripts 
Mathematically, the matrix element can be represented by Aij where i is the row index for 

that element and j is its column index. In MATLAB the element in row i and column j of A matrix is 

denoted by A(i,j). 

The same representation can be applied to specify the vector elements x(i). 

Example1: 

>> x=[6 8 9 10;3 7 6 8;1 4 2 6] 

x = 

     6     8     9    10 

     3     7     6     8 

     1     4     2     6 

>> 

>> x(3,2) 

ans = 

    4 

 

Example2: 

>> y=[10 20 50 68 90] 

y = 

    10    20    50    68    90 

>> 

Note: the colon operation can be used to loop through the matrix elements. 

X(1,1) 6 X(1,2) 8 X(1,3) 9 X(1,4) 10 

X(2,1) 3 X(2,2) 7 X(2,3) 6 X(2,4) 8 

X(3,1) 1 X(3,2) 4 X(3,3) 2 X(3,4) 6 

y(1) y(2) y(3) y(4) y(5) 

10 20 50 68 90 
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Example: 

>> x(2,:) 

ans = 

     3     7     6     8 

 

If you try to use the value of an element outside of the matrix, it is an error: 

t = x(4,5) 

Index exceeds matrix dimensions. 

8.4 Deleting Rows and Columns 

You can delete rows and columns from a matrix using just a pair of square brackets. Start with 

>> A = [16.0     3.0     2.0    13.0 

          5.0    10.0    11.0     8.0 

          9.0     6.0     7.0    12.0 

          4.0    15.0    14.0     1.0 ]; 

>>X = A; 

Then, to delete the second column of X, use 

X(:,2) = [] 

This changes X to 

X = 

    16     2    13 

     5    11     8  

     9     7    12 

     4    14     1 

If you delete a single element from a matrix, the result is not a matrix anymore. So, expressions 

like 

X(1,2) = [] 

result in an error. However, using a single subscript deletes a single element, or sequence of 

elements, and reshapes the remaining elements into a row vector. So 

X(2:2:10) = [] 

results in 

X = 

    16     9     2     7    13    12     1 
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9. Transpose 
The transpose operation is a process to replace the matrix rows with column (in another 

word) the rows will be columns and vice versa. In order to make this operation, you have to follow 

the matrix variable name with quotation mark (‘). 

Example: 

>> d=[ 4 5 12 100; 2 7 4 8;8 76 19 56] 

d = 

     4     5    12   100 

     2     7     4     8 

     8    76    19    56 

>> d' 

ans = 

     4     2     8 

     5     7    76 

    12     4    19 

   100     8    56 

10.  Functions 
MATLAB provides a large number of standard elementary mathematical functions, including 

abs, sqrt, exp, and sin. Taking the square root or logarithm of a negative number is not an error; 

the appropriate complex result is produced automatically. 

Some of the functions, like sqrt and sin, are built in. Built-in functions are part of the MATLAB 

core so they are very efficient, but the computational details are not readily accessible. Other 

functions, like gamma and sinh, are implemented in M-files. 

There are some differences between built-in functions and other functions. For example, for 

built-in functions, you cannot see the code. For other functions, you can see the code and even 

modify it if you want. 

Several special functions provide values of useful constants.  

pi 3.14159265... 

i Imaginary unit, 

j Same as i 

realmin Smallest floating-point number, 

realmax Largest floating-point number, 

>> pi 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/abs.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/sqrt.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/exp.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/sin.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/sqrt.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/sin.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/gamma.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/sinh.html
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ans = 

    3.1416 

>> i 

ans = 

        0 + 1.0000i 

>> realmin 

ans = 

  2.2251e-308 

>> realmax 

ans = 

  1.7977e+308 

10.1 Trigonometric and Hyperbolic Functions 
Mathematical Function  MATLAB equivalent  Description  

cos−1  
acos Inverse cosine; result in radians 

acosd Inverse cosine; result in degrees 

cosh−1  acosh Inverse hyperbolic cosine 

sin−1  
asin Inverse sine; result in radians 

asind Inverse sine; result in degrees 

sinh−1  asinh Inverse hyperbolic sine 

tan−1  

atan Inverse tangent; result in radians 

atan2 Four-quadrant inverse tangent 

atand Inverse tangent; result in degrees 

tanh−1  atanh Inverse hyperbolic tangent 

cos  
cos Cosine of argument in radians 

cosd Cosine of argument in degrees 

cosh  cosh Hyperbolic cosine 

sin  
sin Sine of argument in radians 

sind Sine of argument in degrees 

sinh  sinh Hyperbolic sine of argument in radians 

tan  
tan Tangent of argument in radians 

tand Tangent of argument in degrees 

tanh  tanh Hyperbolic tangent 

Example: 

Find the value of sin, cos and tan for 20 angle between 30 to 80 

Solution: 

>> th=linspace(30,80,20); 

>> s=sind(th) 

s = 

  Columns 1 through 8 

    0.5000    0.5392    0.5773    0.6142    0.6498    0.6840    0.7168    0.7480 

  Columns 9 through 16 

    0.7777    0.8058    0.8321    0.8567    0.8795    0.9004    0.9194    0.9365 
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  Columns 17 through 20 

    0.9516    0.9647    0.9758    0.9848 

>> c=cosd(th) 

c = 

  Columns 1 through 8 

    0.8660    0.8422    0.8165    0.7891    0.7601    0.7295    0.6973    0.6637 

  Columns 9 through 16 

    0.6286    0.5922    0.5546    0.5158    0.4759    0.4351    0.3933    0.3506 

  Columns 17 through 20 

    0.3073    0.2633    0.2187    0.1736 

>> t=tand(th); 

 

atan2       Four-quadrant inverse tangent 

Syntax 

P = atan2(Y,X) 

P = atan2(Y,X) returns an array P the same size as X and Y containing the element-by-

element, four-quadrant inverse tangent (arctangent) of the real parts of Y and X. Any imaginary 

parts of the inputs are ignored. 

Elements of P lie in the closed interval [-pi,pi], where pi is the MATLAB floating-point 

representation of π. atan uses sign(Y) and sign(X) to determine the specific quadrant. 

atan2(Y,X) contrasts with atan(Y/X), whose results are limited to the interval [–π/2, π/2], 

or the right side of this diagram. 

 

Example: 

>> th=atan2(5,4)*180/pi 

th = 

   51.3402 

>> th=atan2(-5,-4)*180/pi 

th = 

 -128.6598 

>> th=atan2(5,-4)*180/pi 

th = 

  128.6598 

>> th=atan2(-5,4)*180/pi 

th = 

  -51.3402 

 

 

 

0 

𝜋/2 

−𝜋/2 

−𝜋 

𝜋 
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10.2 Other functions 
 MATLAB provides other function such as logarithmic functions, exponential function and so 

on. The following table shows these equations 

Mathematical Function  MATLAB equivalent  Description  

ln(𝑥) log(x) Natural logarithm 

log(𝑥) log10(x) Common (base 10) logarithm 

𝑒𝑥 exp(x) Exponential function 

|𝑥| abs(x) Absolute value and complex magnitude 

11. String variable 
The string variable is can be defined as a variable contain a characters, or it is a row vector 

of characters. As shown in the following example, there two sentences give the same results.  

>> st='hello world' 

st = 

hello world 

>> st=['h' 'e' 'l' 'l' 'o' ' ' 'w' 'o' 'r' 'l' 'd'] 

st = 

hello world 

12. Cell array 
A cell array is a collection of containers called cells in which you can store different types of 

data. The figure shown below represents a 2-by-3 cell array. The cells in row one hold an array of 

unsigned integers, an array of strings, and an array of complex numbers. Row two holds three other 

types of arrays, the last being a second cell array nested in the outer one as shown in Figure 5. 

Each cell of a cell array contains some type of MATLAB array. The data in this array can belong 

to any one MATLAB or user-defined class, and can have any valid array dimensions; this includes 1-

by-1 (a scalar array), or having one or more dimension equal to zero (an empty array). A second cell 

of the same array can belong to an entirely different class, and can also have different dimensions 

than the first. The capability to store arrays of mixed classes and sizes is the most significant feature 

of a cell array. Another common use of cell arrays is to store character strings that are of unequal 

length. A cell array that is used for this purpose is called a cell array of strings. 
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Figure 5 a cell array holds different data type 

Like all MATLAB arrays, cell arrays must be rectangular in shape. That is, the length of all 

rows must be the same, the length of all columns the same, and so on for every dimension of the 

array. 

12.1 Creating a Cell Array 
Syntax 

c = cell(n) 

c = cell(m, n) 

 

c = cell(n) creates an n-by-n cell array of empty matrices. An error message appears if n is not a 

scalar.  

c = cell(m, n) or c = cell([m, n]) creates an m-by-n cell array of empty matrices. Arguments 

m and n must be scalars. 

 

Example: 

This example will create a cell array of 2 rows and 2 columns that contain different data type. 

>> xc=cell(2,2) 

xc =  

    []    [] 

    []    [] 
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>> xc{1,1}=1:10; 

>> xc{1,2}='Hello world'; 

>> xc{2,1}=rand(5,5)*10; 

>> xc{2,2}=eye(5)+3 

 

xc =  

    [1x10 double]    'Hello world' 

    [5x5  double]     [5x5 double] 

Example 2: 

A = {[1 4 3; 0 5 8; 7 2 9], 'Anne Smith'; 3+7i, -pi:pi/4:pi}; 

This results in the array shown Figure 6. 

 

Figure 6 

 

12.2 Cell Array Operations 
This table shows the operators used in creating, concatenating, and indexing into the cells 

of a cell array. 
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Operation Syntax Description 

Creating C = {A B D E} Builds a cell array C that can contain data of unlike types in A, B, D, 
and E. 

Concaten
ating 

C3 = {C1 C2} Concatenates cell arrays C1 and C2 into a two-element cell array C3 
such that C3{1} = C1 and C3{2} = C2. 

C3 = [C1 C2] Concatenates the contents of cell arrays C1 and C2, assuming that 
the dimensions of these arrays are compatible. 

Indexing 
  

X = C(s) Returns the cells of array C that are specified by subscripts s. 
X = C{s} Returns the contents of the cells of C that are specified by subscripts 

s. 
X = C{s}(t) References one or more elements of an array that resides within a 

cell. Subscript s selects the cell, and subscript t selects the array 
element(s). 

 

13. Vector operation 
There are many operations can be applied on vectors. 

13.1 Summation and Subtraction 
It is possible to sum or subtract the elements of two vectors (element by element) if they 

have the same dimension. 

Summation 

x = [x(1)  ,  x(2)  ,  x(3)]  

y = [y(1)  ,  y(2)  ,  y(3)] 

x + y = [x(1)  + y(1)  ,  x(2)  + y(2)  ,  x(3) + y(3)] 

 

<< A = [2  -3  5]  ;  B = [4  4  -2]  ;  C = A + B     

C =  

          6    1    3 

Subtraction 

x - y = [x(1)  - y(1)  ,  x(2)  - y(2)  ,  x(3) - y(3)] 

>>  A = [2  -3  5]  ;  B = [4  4  -2]  ;  C = A - B 

C = 

    -2    -7     7 

Note: if the two vectors have different dimensions, an error message will be generated. 

>> A = [2  -3  ]  ;  B = [4  4  -2]  ;  C = A + B 

??? Error using ==> plus 

Matrix dimensions must agree. 
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13.2 Scalar product 
It is possible to multiply all vector elements by a scalar value. 

>> A=[3 4 6 8 2]; C=3*A 

C = 

     9    12    18    24     6 

It can combine multiple operations for vectors as in the example bellow. 

 >> A=[3 4 6 8 2];B=[7 3 9 1 2]; C=3*A+2*B 

C = 

    23    18    36    26    10 

13.3 Generating vector from existing vectors 
It is possible to generate vector from combining two or more vectors as shown 

>> A=[3 4 6 8 2];B=[7 3 9 1 2]; C=[ A B] 

C = 

     3     4     6     8     2     7     3     9     1     2 

The above example generate row vector and it can generate column vector by combining 

two or more column vector. 

A=[3 4 6 8 2]';B=[7 3 9 1 2]'; C=[ A; B] 

C = 

     3 

     4 

     6 

     8 

     2 

     7 

     3 

     9 

     1 

     2 

If the vectors are row vectors and have the same dimension the result will be matrix with n 

by m dimension where n is the vectors number and m is the vectors columns number. 

>> A=[3 4 6 8 2];B=[7 3 9 1 2]; C=[ 3 5 2 18 9]; D=[A; B;C] 

D = 

     3     4     6     8     2 

     7     3     9     1     2 

     3     5     2    18     9 

>> c = [1 ; 3 ; 2]  ,  k = (1 : 1.5 : 5)'  ,  r = 4 : 2 : 8  ;  ck = [c ; k]  ,  

T = [c'  k' r] 

c = 

     1 

     3 

     2 

k = 

    1.0000 

    2.5000 

    4.0000 

ck = 

    1.0000 

    3.0000 
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    2.0000 

    1.0000 

    2.5000 

    4.0000 

T = 

  Columns 1 through 8 

   1.0000    3.0000    2.0000    1.0000    2.5000    4.0000    4.0000    6.0000 

  Column 9 

    8.0000 

 

13.4 Increasing and decreasing vector elements 
You can Increase the size of vector by adding new elements as shown in the example bellow. 

<< H = [3   -6   2   5]  ,  H = [H  7  9]   

H  =  

         3    -6    2    5 

H  =  

         3    -6    2    5    7    9 

And you can decrease the size of vector by deleting elements as shown. 

>> A=[3 4 6 8 2] 

A = 

     3     4     6     8     2 

>> A(2)=[] 

A = 

     3     6     8     2 

13.5 Vector multiplication 
There is one condition should be satisfied in order to multiply two vectors, which is the first 

vector must be row vector and the second one must be column vector and the result will be scalar 

value. The mathematical formulation for vector multiplication is shown. 

𝑎 = [𝑎1 𝑎2 𝑎3 ⋯𝑎𝑚]     𝑏 =

[
 
 
 
 
𝑏1

𝑏2

𝑏3

⋮
𝑏𝑚]

 
 
 
 

      

 𝑐 = 𝑎 ∗ 𝑏 = ∑ 𝑎𝑖𝑏𝑖 = 𝑎1𝑏1 + 𝑎2𝑏2 + 𝑎3𝑏3 + ⋯+ 𝑎𝑚𝑏𝑚
𝑚
𝑖=1  

 

>> A=[3 4 6 8 2],B=[7 3 9 1 2]', C=A *B 

A = 

     3     4     6     8     2 

B = 

     7 

     3 

     9 

     1 

     2 

C = 
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    99 

Note: if we multiply 𝑏 × 𝑎 the result is different from the above example and it will be a 

matrix. 

𝑐𝑖𝑗 = 𝑏 ∗ 𝑎 = 𝑏𝑖𝑎𝑗 

𝑐 =

[
 
 
 
 
𝑏1𝑎1 𝑏1𝑎2 𝑏1𝑎3  ⋯ 𝑏1𝑎𝑚

𝑏2𝑎1 𝑏2𝑎2 𝑏2𝑎3  ⋯ 𝑏2𝑎𝑚

𝑏3𝑎1 𝑏3𝑎2 𝑏3𝑎3  ⋯ 𝑏3𝑎𝑚

⋮ ⋮ ⋮
𝑏𝑚𝑎2 𝑏𝑚𝑎2 𝑏𝑚𝑎3  ⋯ 𝑏𝑚𝑎𝑚]

 
 
 
 

 

This is because of the b vector is column vector and a vector is row vector. 

>> A=[3 4 6 8 2],B=[7 3 9 1 2]', C=B*A 

A = 

     3     4     6     8     2 

B = 

     7 

     3 

     9 

     1 

     2 

C = 

    21    28    42    56    14 

     9    12    18    24     6 

    27    36    54    72    18 

     3     4     6     8     2 

     6     8    12    16     4 

If the vectors are in the same type an error message will generated. 

>> A=[3 4 6 8 2],B=[7 3 9 1 2], C=A *B 

A = 

     3     4     6     8     2 

B = 

     7     3     9     1     2 

??? Error using ==> mtimes 

Inner matrix dimensions must agree. 

In order to multiply two vectors which have equal length element by element you should 

use the dot operator as shown: 

𝑐 = 𝑎.∗ 𝑏 = [𝑎1𝑏1 𝑎2𝑏2 𝑎3𝑏3 ⋯𝑎𝑚𝑏𝑚] 

>> A=[3 4 6 8 2],B=[7 3 9 1 2], C=A .*B 

A = 

     3     4     6     8     2 

B = 

     7     3     9     1     2 

C = 

    21    12    54     8     4 

Note: The two vectors must be of the same type either both are row vectors or column 

vectors, if they don’t, an error message will be generated. 
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>> A=[3 4 6 8 2],B=[7 3 9 2], C=A .*B 

A = 

     3     4     6     8     2 

B = 

     7     3     9     2 

??? Error using ==> times 

Matrix dimensions must agree. 

13.6 Vector division 
It is possible to divide two vectors which are from the same type (either row vectors or 

column vector) and have same dimensions by using the dot division. 

13.6.1 Right division ./ 

 

     𝑎 =

[
 
 
 
 
𝑎1

𝑎2

𝑎3

⋮
𝑎𝑚]

 
 
 
 

  and 𝑏 =

[
 
 
 
 
𝑏1

𝑏2

𝑏3

⋮
𝑏𝑚]

 
 
 
 

         𝑐𝑖 = 𝑎./𝑏  =
𝑎𝑖

𝑏𝑖
 = [

𝑎1

𝑏1

𝑎2

𝑏2

𝑎3

𝑏3
⋯

𝑎4

𝑏4
]                  

 

>> A=[3 4 6 8 2],B=[7 3 9 1 2], C=A ./B 

A = 

     3     4     6     8     2 

B = 

     7     3     9     1     2 

C = 

    0.4286    1.3333    0.6667    8.0000    1.0000 

 

>> D=[3 0 6 8 2],S=[7 3 9 0 2], Z=D ./S 

D = 

     3     0     6     8     2 

S = 

     7     3     9     0     2 

Z = 

    0.4286         0    0.6667       Inf    1.0000 

 

13.6.2 Left division .\ 

𝑐𝑖 = 𝑎.\𝑏  =
𝑏𝑖

𝑎𝑖
= [

𝑏1

𝑎1

𝑏2

𝑎2

𝑏3

𝑎3
⋯

𝑏4

𝑎4
]                            

>> A=[3 4 6 8 2],B=[7 3 9 1 2], C=A .\B 

A = 

     3     4     6     8     2 

B = 

     7     3     9     1     2 

C = 

    2.3333    0.7500    1.5000    0.1250    1.0000 

>> D=[3 0 6 8 2],S=[7 3 9 0 2], Z=D .\S 

D = 
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     3     0     6     8     2 

S = 

     7     3     9     0     2 

Z = 

    2.3333       Inf    1.5000         0    1.0000 

13.7 Vector power  
There are two types of vector power: 

13.7.1 Power all elements to one value  
>> a=1:10,b=a.^2 

a = 

     1     2     3     4     5     6     7     8     9    10 

b = 

     1     4     9    16    25    36    49    64    81   100 

13.7.2 Power vector to another vector element by element 

In this method the 1st element in the 1st vector will be powered to the 1st element from the 

2nd vector and the 2nd element in the 1st vector will be powered to the 2nd element from the 2nd 

vector and so on, as in the following formula: 

𝑎 = [𝑎1 𝑎2 𝑎3 ⋯𝑎𝑚]              𝑏 = [𝑏1 𝑏2 𝑏3 ⋯𝑏𝑚]    

𝑐𝑖 = 𝑎.𝑏 = 𝑎𝑖
𝑏𝑖 = [𝑎1

𝑏1 𝑎2
𝑏2 𝑎3

𝑏3 ⋯ 𝑎𝑚
𝑏𝑚] 

>> a=[3 4 6 7 2 1],b=[2 3 2 4 6 10],c=a.^b 

a = 

     3     4     6     7     2     1 

b = 

     2     3     2     4     6    10 

c = 

     9    64    36   2401   64    1 

13.8 Vector length (Number of elements) 
The number of elements in the vector can be found by using the (length function). 

>> x_vector=-2:.001:4; elementNo_xvector=length(x_vector) 

elementNo_xvector = 

        6001 

13.9 Vector sorting 
The sort function can be used to sort vectors either ascending or descending direction. 

Function syntax 

s_vector=sort(vector) 

s_vector=sort(vector,mode) 

where 

s_vector is the variable name of the sorted vector 
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vector is the variable name of the vector to be sorted 

mode specify the type of sorting  ('ascend'      Ascending order (default) ) or ('descend' 

Descending order) 

>> a=rand(1,8)*10, des_sort=sort(a,'descend'),asce_sort=sort(a,'ascend') 

a = 

   6.7874    7.5774    7.4313    3.9223    6.5548    1.7119    7.0605    0.3183 

des_sort = 

   7.5774    7.4313    7.0605    6.7874    6.5548    3.9223    1.7119    0.3183 

asce_sort = 

   0.3183    1.7119    3.9223    6.5548    6.7874    7.0605    7.4313    7.5774 

14. Matrix operation 

14.1 Summation and subtraction 
As in vector the two matrices must agree in dimensions to be summed or subtracted. If they 

don’t have the same dimensions, an error message will be generated. 

>> a=[ 3 5 6; 6 9 8; 19 4 7],b=[4 7 9 ; 2 8 4 ; 1 9 3] 

a = 

     3     5     6 

     6     9     8 

    19     4     7 

b = 

     4     7     9 

     2     8     4 

     1     9     3 

>> c_sum=a+b,c_sub=a-b 

c_sum = 

     7    12    15 

     8    17    12 

    20    13    10 

c_sub = 

    -1    -2    -3 

     4     1     4 

    18    -5     4 

14.2 The dot operator (.* , ./ and .^) 
As in the vectors the dot operator makes the multiplication, division and power done 

element by element. 

14.2.1 Scalar operator 

The dot operator gives ability to multiply, divide and power all matrix elements to a scalar 

value. 

>> a=[ 3 5 6; 6 9 8; 19 4 7] 

a = 

     3     5     6 

     6     9     8 

    19     4     7 
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>> prod_a=a.*2,divid_a=a./2,power_a=a.^2 

prod_a = 

     6    10    12 

    12    18    16 

    38     8    14 

divid_a = 

    1.5000    2.5000    3.0000 

    3.0000    4.5000    4.0000 

    9.5000    2.0000    3.5000 

power_a = 

     9    25    36 

    36    81    64 

   361    16    49 

14.3 Matrix multiplication 
The mathematical formulation for matrix operation is given by the equation bellow. 

If there are two matrices A which has n rows and m columns and B which has m rows and p 

columns, so the produced matrix C will get n rows and p columns and  can be calculated as follows. 

   

𝑐𝑖𝑗 = ∑ 𝑎𝑖𝑘𝑏𝑘𝑗

𝑚

𝑘=1

                   𝑤ℎ𝑒𝑟𝑒 𝑖 = 1,2,3,… 𝑛 𝑎𝑛𝑑 𝑗 = 1,2,3…𝑝 

Assume (n=2, m=3 and p=2). 

𝐶 = 𝐴 ∗ 𝐵 

𝐶 = [
𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23
] [

𝑏11 𝑏12

𝑏21 𝑏22

𝑏31 𝑏32

] = [
𝑐11 𝑐12

𝑐21 𝑐22
] 

𝑐11 = 𝑎11𝑏11 + 𝑎12𝑏21 + 𝑎13𝑏31 

𝑐12 = 𝑎11𝑏12 + 𝑎12𝑏22 + 𝑎13𝑏32 

𝑐21 = 𝑎21𝑏11 + 𝑎22𝑏21 + 𝑎23𝑏31 

𝑐22 = 𝑎21𝑏12 + 𝑎22𝑏22 + 𝑎23𝑏32 

Example: 

>> a=[ 3 5 6; 6 9 8; 19 4 7],b=[4 7; 9  2; 8 4 ],c=a*b 

a = 

     3     5     6 

     6     9     8 

    19     4     7 

b = 

     4     7 

     9     2 

     8     4 
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c = 

   105    55 

   169    92 

   168   169 

Note: the inner dimension of the two matrices must be equal. In other word, the number of 

columns of A must equal the number of rows of B. If they don’t, an error message will be generated. 

>> c=b*a 

??? Error using ==> mtimes 

Inner matrix dimensions must agree. 

15. Functions applied on vectors and matrices  

15.1 Rounding numbers functions 
There are many functions for rounding real numbers to integers; the following are some of 

them. 

15.1.1 Round function 

Round the number to nearest integer 

Syntax 

Y = round(X) 

This function Rounds the elements of X to the nearest integers. For complex X, the imaginary 

and real parts are rounded independently. 

Examples 

>> a = [-1.9, -0.2, 3.4, 5.6, 7.0, 2.4+3.6i], r_a=round(a) 

a = 

  -1.9000     -0.2000   3.4000    5.6000   7.0000     2.4000 + 3.6000i 

r_a = 

    -2.0000     0      3.0000     6.0000  7.0000      2.0000 + 4.0000i  

15.1.2 Floor function 

Round toward negative infinity  

Syntax 

B = floor(A) 

This function rounds the elements of A to the nearest integers less than or equal to A. For 

complex A, the imaginary and real parts are rounded independently. 

Examples 

>>a = [-1.9, -0.2, 3.4, 5.6, 7.0, 2.4+3.6i], f_a=floor(a) 

a = 

   -1.9000    -0.2000      3.4000     5.6000    7.0000   2.4000 + 3.6000i 

f_a= 
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  -2.0000     -1.0000      3.0000     5.0000    7.0000   2.0000 + 3.0000i  

15.1.3 Fix function 

Round toward zero 

Syntax 

B = fix(A) 

This function rounds the elements of A toward zero, resulting in an array of integers. For 

complex A, the imaginary and real parts are rounded independently. 

Examples 

>> a = [-1.9, -0.2, 3.4, 5.6, 7.0, 2.4+3.6i], fix_a=fix(a) 

a = 

   -1.9000   -0.2000    3.4000    5.6000    7.0000     2.4000 + 3.6000i 

fix_a = 

    -1.0000     0       3.0000    5.0000    7.0000     2.0000 + 3.0000i 

15.1.4 ceil 

Round toward positive infinity 

Syntax 

B = ceil(A) 

This function rounds the elements of A to the nearest integers greater than or equal to A. 

For complex A, the imaginary and real parts are rounded independently. 

Examples 

>> a = [-1.9, -0.2, 3.4, 5.6, 7, 2.4+3.6i], c_a= ceil(a) 

a =  

  -1.9000   -0.2000    3.4000   5.6000   7.0000     2.4000 + 3.6000i 

c_a = 

  -1.0000      0       4.0000   6.0000   7.0000     3.0000 + 4.0000i 

 

15.2 Summation Function 
The sum function can be used to sum vector elements’ values and for matrices sum the 

elements’ values in each column separately. 

 

Syntax 

B = sum(A) 

B = sum(A,dim) 

B = sum(A) returns sums along different dimensions of an array. 
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 If A is a vector, sum(A) returns the sum of the elements. 

>> a=[1 4 6 7],s_a=sum(a) 

a = 

     1     4     6     7 

s_a = 

    18 

 If A is a matrix, sum(A) treats the columns of A as vectors, returning a row vector of the sums 

of each column.  

>> a=rand(3,5).*10,s_a=sum(a) 

a = 

    7.9520    4.4559    7.5469    6.5510    4.9836 

    1.8687    6.4631    2.7603    1.6261    9.5974 

    4.8976    7.0936    6.7970    1.1900    3.4039 

s_a = 

   14.7184   18.0126   17.1041    9.3671   17.9849 

 

If A is a multidimensional array, sum(A) treats the values along the first non-singleton 

dimension as vectors, returning an array of row vectors.  

>> a=rand(4,3,2).*10,s_a=sum(a) 

a(:,:,1) = 

    5.8527    5.0596    5.4722 

    2.2381    6.9908    1.3862 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

a(:,:,2) = 

    8.4072    9.2926    6.1604 

    2.5428    3.4998    4.7329 

    8.1428    1.9660    3.5166 

    2.4352    2.5108    8.3083 

s_a(:,:,1) = 

   18.1544   30.5523   10.9264 

s_a(:,:,2) = 

   21.5281   17.2693   22.7182 

B = sum(A,dim) sums along the dimension of A specified by scalar dim. The dim input is an 

integer value from 1 to N, where N is the number of dimensions in A. Set dim to 1 to compute the 

sum of each column, 2 to sum rows, etc. 

Example: 

>> a=rand(4,3,2).*10 

a(:,:,1) = 

    5.8527    5.0596    5.4722 

    2.2381    6.9908    1.3862 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

a(:,:,2) = 

    8.4072    9.2926    6.1604 

    2.5428    3.4998    4.7329 

    8.1428    1.9660    3.5166 

    2.4352    2.5108    8.3083 

    2.4352    2.5108    8.3083 
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>> s_a=sum(a,1) 

s_a(:,:,1) = 

   18.1544   30.5523   10.9264 

s_a(:,:,2) = 

   21.5281   17.2693   22.7182 

>> s_a=sum(a,2) 

s_a(:,:,1) = 

   16.3844 

   10.6151 

   17.9146 

   14.7189 

s_a(:,:,2) = 

   23.8603 

   10.7755 

   13.6254 

   13.2544 

>> s_a=sum(a,3) 

s_a = 

   14.2599   14.3522   11.6326 

    4.7809   10.4906    6.1191 

   15.6555   10.8750    5.0095 

    4.9862   12.1038   10.8834 

>> s111=a(1,1,1)+a(1,1,2) 

s111 = 

   14.2599 

15.3 Sorting Arrays 

The sort function can be used to sort array elements in ascending or descending order. 

Syntax 

B = sort(A) 

B = sort(A,dim) 

B = sort(A,mode) 

B = sort(A,dim,mode) 

It sorts the elements along different dimensions of an array, and arranges those elements in 

ascending order. 

 

 

If A is a ... sort(A) ... 

Vector Sorts the elements of A. 

Matrix Sorts each column of A. 

Multidimensional array Sorts A along the first non-singleton dimension, 
and returns an array of sorted vectors. 

 

The mode if it specified should be either ('ascend') for ascending order which is the default 

value or ('descend') for descending order. 
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Example: 

>> a=rand(4,3,2).*10 

a(:,:,1) = 

    5.8527    5.0596    5.4722 

    2.2381    6.9908    1.3862 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

a(:,:,2) = 

    8.4072    9.2926    6.1604 

    2.5428    3.4998    4.7329 

    8.1428    1.9660    3.5166 

    2.4352    2.5108    8.3083 

    2.4352    2.5108    8.3083 

>> sort_a=sort(a)   % for each column in ascending order 

sort_a(:,:,1) = 

    2.2381    5.0596    1.3862 

    2.5510    6.9908    1.4929 

    5.8527    8.9090    2.5751 

    7.5127    9.5929    5.4722 

sort_a(:,:,2) = 

    2.4352    1.9660    3.5166 

    2.5428    2.5108    4.7329 

    8.1428    3.4998    6.1604 

    8.4072    9.2926    8.3083 

>> sort_a=sort(a,'descend')   % for each column in descending order 

sort_a(:,:,1) = 

    7.5127    9.5929    5.4722 

    5.8527    8.9090    2.5751 

    2.5510    6.9908    1.4929 

    2.2381    5.0596    1.3862 

sort_a(:,:,2) = 

    8.4072    9.2926    8.3083 

    8.1428    3.4998    6.1604 

    2.5428    2.5108    4.7329 

    2.4352    1.9660    3.5166 

>> sort_a=sort(a,1)   % for each column in ascending order 

sort_a(:,:,1) = 

    2.2381    5.0596    1.3862 

    2.5510    6.9908    1.4929 

    5.8527    8.9090    2.5751 

    7.5127    9.5929    5.4722 

sort_a(:,:,2) = 

    2.4352    1.9660    3.5166 

    2.5428    2.5108    4.7329 

    8.1428    3.4998    6.1604 

    8.4072    9.2926    8.3083 

>> sort_a=sort(a,2)   % for each row in ascending order 

sort_a(:,:,1) = 

    5.0596    5.4722    5.8527 

    1.3862    2.2381    6.9908 

    1.4929    7.5127    8.9090 

    2.5510    2.5751    9.5929 

sort_a(:,:,2) = 

    6.1604    8.4072    9.2926 

    2.5428    3.4998    4.7329 

    1.9660    3.5166    8.1428 

    2.4352    2.5108    8.3083 
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>> sort_a=sort(a,1,'descend')   % for each column in descending order 

sort_a(:,:,1) = 

    7.5127    9.5929    5.4722 

    5.8527    8.9090    2.5751 

    2.5510    6.9908    1.4929 

    2.2381    5.0596    1.3862 

sort_a(:,:,2) = 

    8.4072    9.2926    8.3083 

    8.1428    3.4998    6.1604 

    2.5428    2.5108    4.7329 

    2.4352    1.9660    3.5166 

>> sort_a=sort(a,2,'descend')   % for each row in descending order 

sort_a(:,:,1) = 

    5.8527    5.4722    5.0596 

    6.9908    2.2381    1.3862 

    8.9090    7.5127    1.4929 

    9.5929    2.5751    2.5510 

sort_a(:,:,2) = 

    9.2926    8.4072    6.1604 

    4.7329    3.4998    2.5428 

    8.1428    3.5166    1.9660 

    8.3083    2.5108    2.4352 

  If it is used with the 3rd dimension it will compare each element in the 1st rank with the 

equivelant one in 2nd rank and swap them accordingly. 

>> r_a=round(a) 

r_a(:,:,1) = 

     6     5     5 

     2     7     1 

     8     9     1 

     3    10     3 

r_a(:,:,2) = 

     8     9     6 

     3     3     5 

     8     2     4 

     2     3     8 

>> sort_a=sort(r_a,3) 

sort_a(:,:,1) = 

     6     5     5 

     2     3     1 

     8     2     1 

     2     3     3 

sort_a(:,:,2) = 

     8     9     6 

     3     7     5 

     8     9     4 

     3    10     8 

15.4 Size function 
Array dimensions 

Syntax 

d = size(X) 

[m,n] = size(X) 

m = size(X,dim) 
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d = size(X) returns the sizes of each dimension of array X in a vector d with ndims(X) 

elements. If X is a scalar, with MATLAB software regards as a 1-by-1 array, size(X) returns the 

vector [1 1]. 

Example: 

>> x=1,d=size(x) 

x = 

     1 

d = 

     1     1 

>> x=[2 3 4 5; 7 7 8 9],d=size(x) 

x = 

     2     3     4     5 

     7     7     8     9 

d = 

     2     4 

For the array 𝑎 in the previous examples 

>> d=size(a) 

d = 

     4     3     2 

[m,n] = size(X) returns the size of matrix X in separate variables m and n. 

>> [ r c]= size(x)      % r to get the rows no and c to get columns no 

r = 

     2 

c = 

     4 

m = size(X,dim) returns the size of the dimension of X specified by scalar dim. 

>> r=size(x,1) 

r = 

     2 

>> c=size(x,2) 

c = 

     4 

15.5 Sqrt function 

Square root 

Syntax 

B = sqrt(X) 

B = sqrt(X) returns the square root of each element of the array X. For the elements of X that 

are negative or complex, sqrt(X) produces complex results. 

 

Example: 
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>> A=[3 4 6 8 2; 7 3 9 1 2;3 -7 9 5 30] 

A = 

     3     4     6     8     2 

     7     3     9     1     2 

     3    -7     9     5    30 

>> sr_a=sqrt(A) 

sr_a = 

   1.7321     2.0000    2.4495    2.8284  1.4142                   

   2.6458     1.7321    3.0000    1.0000  1.4142                   

   1.7321  0 + 2.6458i  3.0000    2.2361  5.4772         

 

15.6 Abs Function 
Absolute value and complex magnitude 

Syntax 

Y=abs(X) 

abs(X) returns an array Y such that each element of Y is the absolute value of the 

corresponding element of X.  

If X is complex, abs(X) returns the complex modulus (magnitude), which is the same as 

sqrt(real(X).^2 + imag(X).^2) 

 

 

Examples 

A=abs(-5) 

A = 

     5 

B=abs(3+4i) 

B = 

     5 

15.7 Statistic Functions 

15.7.1 Finding maximum and minimum numbers 

MATLAB provides two functions to find the maximum and minimum of vectors and matrices. 

15.7.1.1 Max Function 

Largest elements in array 

Syntax 

C = max(A) 

C = max(A,B) 

C = max(A,[],dim) 

[C,I] = max(...) 
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C = max(A) returns the largest elements along different dimensions of an array. 

If A is a vector, max(A) returns the largest element in A. 

>> x=[2 3 4 5 7 7 8 9],mx=max(x) 

x = 

     2     3     4     5     7     7     8     9 

mx = 

     9 

If A is a matrix, max(A) treats the columns of A as vectors, returning a row vector containing 

the maximum element from each column. 

>> A=[3 4 6 8 2; 7 3 9 1 2;3 -7 9 5 30] 

A = 

     3     4     6     8     2 

     7     3     9     1     2 

     3    -7     9     5    30 

>> max_A=max(A) 

max_A = 

 

     7     4     9     8    30 

If A is a multidimensional array, max(A) treats the values along the first non-singleton 

dimension as vectors, returning the maximum value of each vector. 

>> a=rand(4,3,2).*10,ma=max(a) 

a(:,:,1) = 

    7.0936    6.5510    9.5974 

    7.5469    1.6261    3.4039 

    2.7603    1.1900    5.8527 

    6.7970    4.9836    2.2381 

a(:,:,2) = 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

    5.0596    5.4722    8.4072 

    6.9908    1.3862    2.5428 

ma(:,:,1) = 

    7.5469    6.5510    9.5974 

ma(:,:,2) = 

    7.5127    9.5929    8.4072 

C = max(A,B) returns an array the same size as A and B with the largest elements taken from 

A or B. The dimensions of A and B must match, or they may be scalar. 

>> x=round(rand(3).*10),y=round(rand(3).*10),m=max(x,y) 

x = 

     8     3     6 

     2     2     5 

     9     3     4 

y = 

     8     9     8 

     6     3     4 

     5     8     6 

m = 

     8     9     8 

     6     3     5 

     9     8     6 
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C = max(A,[],dim) returns the largest elements along the dimension of A specified by scalar 

dim. For example, max(A,[],1) produces the maximum values along the first dimension (the rows) of 

A. 

>> ma=max(a,[],1) 

ma(:,:,1) = 

    7.5469    6.5510    9.5974 

ma(:,:,2) = 

    7.5127    9.5929    8.4072 

>> ma=max(a,[],2) 

ma(:,:,1) = 

    9.5974 

    7.5469 

    5.8527 

    6.7970 

ma(:,:,2) = 

    8.9090 

    9.5929 

    8.4072 

    6.9908 

>> ma=max(a,[],3) 

ma = 

    7.5127    8.9090    9.5974 

    7.5469    9.5929    3.4039 

    5.0596    5.4722    8.4072 

    6.9908    4.9836    2.5428 

[C,I] = max(...) finds the indices of the maximum values of A, and returns them in output 

vector I. If there are several identical maximum values, the index of the first one found is returned. 

>> [mx I]=max(x) 

mx = 

     9     3     6 

I = 

     3     1     1 

15.7.1.2 Min Function 

Smallest elements in array 

Syntax 

C = min(A) 

C = min(A,B) 

C = min(A,[],dim) 

[C,I] = min(...) 

C = min(A) returns the smallest elements along different dimensions of an array.  

>> x 

x = 

     8     3     6 

     2     2     5 

     9     3     4 

>> min_x=min(x) 

min_x = 
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     2     2     4 

If A is a vector, min(A) returns the smallest element in A. 

>> v_x=round(rand(1,10).*45) 

v_x = 

     3     2    24    35    42     6    26    21     1    15 

>> minvx=min(v_x) 

minvx = 

     1 

If A is a matrix, min(A) treats the columns of A as vectors, returning a row vector containing 

the minimum element from each column.  

>> A 

A = 

     3     4     6     8     2 

     7     3     9     1     2 

     3    -7     9     5    30 

>> min_A=min(A) 

min_A = 

     3    -7     6     1     2 

If A is a multidimensional array, min operates along the first non-singleton dimension.  

>> a 

a(:,:,1) = 

    7.0936    6.5510    9.5974 

    7.5469    1.6261    3.4039 

    2.7603    1.1900    5.8527 

    6.7970    4.9836    2.2381 

a(:,:,2) = 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

    5.0596    5.4722    8.4072 

    6.9908    1.3862    2.5428 

>> mina=min(a) 

mina(:,:,1) = 

    2.7603    1.1900    2.2381 

mina(:,:,2) = 

    2.5510    1.3862    1.4929 

C = min(A,B) returns an array the same size as A and B with the smallest elements taken from 

A or B. The dimensions of A and B must match, or they may be scalar. 

>> x=round(rand(3).*10),y=round(rand(3).*10),m=min(x,y) 

x = 

     2     5     3 

     8     2     7 

     3     6     7 

y = 

     7     2     8 

     5     9     5 

     1     2    10 

m = 
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     2     2     3 

     5     2     5 

     1     2     7 

C = min(A,[],dim) returns the smallest elements along the dimension of A specified by 

scalar dim. For example, min(A,[],1) produces the minimum values along the first dimension (the 

rows) of A. 

>> a 

a(:,:,1) = 

    7.0936    6.5510    9.5974 

    7.5469    1.6261    3.4039 

    2.7603    1.1900    5.8527 

    6.7970    4.9836    2.2381 

a(:,:,2) = 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

    5.0596    5.4722    8.4072 

    6.9908    1.3862    2.5428 

>> ma=min(a,[],1) 

ma(:,:,1) = 

    2.7603    1.1900    2.2381 

ma(:,:,2) = 

    2.5510    1.3862    1.4929 

>> ma=min(a,[],2) 

ma(:,:,1) = 

    6.5510 

    1.6261 

    1.1900 

    2.2381 

ma(:,:,2) = 

    1.4929 

    2.5510 

    5.0596 

    1.3862 

>> ma=min(a,[],3) 

ma = 

    7.0936    6.5510    1.4929 

    2.5510    1.6261    2.5751 

    2.7603    1.1900    5.8527 

    6.7970    1.3862    2.2381 

[C,I] = min(...) finds the indices of the minimum values of A, and returns them in output 

vector I. If there are several identical minimum values, the index of the first one found is returned. 

>> [ma I]=min(A) 

ma = 

     3    -7     6     1     2 

I = 

     1     3     1     2     1 

 

15.7.2 Mean function 

Average or mean value of array 
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Syntax 

M = mean(A) 

M = mean(A,dim) 

M = mean(A) returns the mean values of the elements along different dimensions of an 

array. 

If A is a vector, mean(A) returns the mean value of A. 

𝑎𝑣 =
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
 

Where n is the vector length (number of elements) 

>> v_x 

v_x = 

     3     2    24    35    42     6    26    21     1    15 

>> av=mean(v_x) 

av = 

   17.5000 

You can get the same result from the following code 

>> av1=sum(v_x)/length(v_x) 

av1 = 

   17.5000 

If A is a matrix, mean(A) treats the columns of A as vectors, returning a row vector of mean 

values. 

>> A 

A = 

     3     4     6     8     2 

     7     3     9     1     2 

     3    -7     9     5    30 

>> av=mean(A) 

av = 

    4.3333         0    8.0000    4.6667   11.3333 

If A is a multidimensional array, mean(A) treats the values along the first non-singleton 

dimension as vectors, returning an array of mean values. 

>> a 

a(:,:,1) = 

    7.0936    6.5510    9.5974 

    7.5469    1.6261    3.4039 

    2.7603    1.1900    5.8527 

    6.7970    4.9836    2.2381 

a(:,:,2) = 

 

    7.5127    8.9090    1.4929 

    2.5510    9.5929    2.5751 

    5.0596    5.4722    8.4072 

    6.9908    1.3862    2.5428 

>> av=mean(a) 

av(:,:,1) = 
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    6.0494    3.5877    5.2730 

av(:,:,2) = 

    5.5285    6.3401    3.7545 

M = mean(A,dim) returns the mean values for elements along the dimension of A specified 

by scalar dim. For matrices, mean(A,2) is a column vector containing the mean value of each row. 

>> av=mean(a,1) 

av(:,:,1) = 

    6.0494    3.5877    5.2730 

av(:,:,2) = 

    5.5285    6.3401    3.7545 

>> av=mean(a,2) 

av(:,:,1) = 

    7.7474 

    4.1923 

    3.2676 

    4.6729 

av(:,:,2) = 

    5.9715 

    4.9063 

    6.3130 

    3.6399 

>> av=mean(a,3) 

av = 

    7.3032    7.7300    5.5452 

    5.0489    5.6095    2.9895 

    3.9099    3.3311    7.1299 

    6.8939    3.1849    2.3905 

15.7.3 Standard deviation 

MATLAB has function to compute the standard deviation. The function is std. 

Syntax 

s = std(X) 

s = std(X,flag) 

s = std(X,flag,dim) 

 

There are two common definitions for the standard deviation s of a data vector X. 

𝒔 = √
∑ (𝒙𝒊−𝒙)𝟐𝒏

𝒊=𝟏

𝒏−𝟏
                                         eq 1 

𝒔 = √
∑ (𝒙𝒊−𝒙)𝟐𝒏

𝒊=𝟏

𝒏
                                  eq 2 

Where  

�̅� =
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
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And 𝑛 is the number of elements in the sample. The two forms of the equation differ only in     

𝑛 − 1versus 𝑛 in the divisor. 

s = std(X), where X is a vector, returns the standard deviation using (1) above. The result 

s is the square root of an unbiased estimator of the variance of the population from which X is 

drawn, as long as X consists of independent, identically distributed samples. 

Example: 

>> x=round(rand(1,10).*10),i=1:10 

x = 

     6     1     2     4     8     0     0     2     6     7 

i = 

     1     2     3     4     5     6     7     8     9    10 

>> x_bar=mean(x)*ones(size(x)) 

x_bar = 

3.6000  3.6000  3.6000  3.6000  3.6000  3.6000 3.6000 3.6000 3.6000  3.6000 

>> plot(i,x_bar,i,x,'-or') 

>> s=std(x) 

s = 

    2.9889 

 

Figure 7 

If X is a matrix, std(X) returns a row vector containing the standard deviation of the 

elements of each column of X. If X is a multidimensional array, std(X) is the standard deviation of 

the elements along the first nonsingleton dimension of X. 

s = std(X,flag) for flag = 0, is the same as std(X)compute the standard deviation 

using eq 1. For flag = 1, std(X,1) returns the standard deviation using (eq. 2) above, producing 

the second moment of the set of values about their mean. 
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s = std(X,flag,dim) computes the standard deviations along the dimension of X specified 

by scalar dim. Set flag to 0 to normalize Y by n-1; set flag to 1 to normalize by n. 

16. Polynomial 
 

The polynomial is an equation that has two variables one of them called dependent and the 

second is independent. 

Example 1: 

𝑦 = 𝑎𝑥4 + 𝑏𝑥3 + 𝑐𝑥2 + 𝑑𝑥 + 𝑒 

The dependent variable is (y) and the independent variables is (x) a, b, c, d, and e are 

constants coefficients 

16.1 Polynomial MATLAB representation 
To represent the polynomial in MATLAB for the example 1 the following syntax will be used. 

It’s clear that we must define the values of the constants a, b, c, d, and e before they used. 

>> a=1;b=2;c=-5;d=-2;e=9; 

>> p=[a b c d e] 

p = 

     1     2    -5    -2     9 

Example 2:  

Write the following equations in MATLAB form. 

1. 𝑦 = 𝑥4 − 2 

2. 𝑦 = 𝑥4 − 12𝑥3 + 25𝑥 + 116 

3. 𝑦 =
3

5
𝑥6 + 𝑥2 − 5𝑥 

Solution: 

1.  

>> p=[1 0 0 0 -2] 

p = 

     1     0     0     0    -2 

2.  

>> p=[1 -12 0 25 116] 

p = 

     1   -12     0    25   116 

3.  

>> p=[3/5 0 0 0 1 -5 0] 

p = 
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    0.6000         0         0         0    1.0000   -5.0000         0 

Note: The coefficients are ordered in descending powers.  

𝑦 = 𝑝1𝑥
𝑛 + 𝑝2𝑥

𝑛−1 + ⋯+ 𝑝𝑛𝑥 + 𝑝𝑛+1 

The polynomial degree is equal to the length of the vector p reduced by one. 

16.2 Evaluation of Polynomial Values 
The (polyval) function can be used to evaluate the values of polynomial according to the 

specified points. 

Syntax 

y = polyval(p,x) 

y = polyval(p,x) returns the value of a polynomial of degree n evaluated at x. The input 

argument p is a vector of length n+1 whose elements are the coefficients in descending powers of 

the polynomial to be evaluated. 

𝑦 = 𝑝1𝑥
𝑛 + 𝑝2𝑥

𝑛−1 + ⋯+ 𝑝𝑛𝑥 + 𝑝𝑛+1 

Example 3:  

Compute the values of the following equations at x= 3, 6, and 10. Using  

a. The (polyval) function   

b. MatLab calculations 

1. 𝑦 = 𝑥4 − 2 

2. 𝑦 = 𝑥4 − 12𝑥3 + 25𝑥 + 116 

3. 𝑦 =
3

5
𝑥6 + 𝑥2 − 5𝑥 

 

Solution: 

a. 

1.  

>> x=[3 6 10] 

x = 

     3     6    10 

>> p=[1 0 0 0 -2] 

p = 

     1     0     0     0    -2 

>> y=polyval(p,x) 

y = 

          79        1294        9998 

 

2.  
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>> x=[3 6 10] 

x = 

     3     6    10 

>> p=[1 -12 0 25 116] 

p = 

     1   -12     0    25   116 

>> y=polyval(p,x) 

y = 

         -52       -1030       -1634 

 

3.  

>> x=[3 6 10] 

x = 

     3     6    10 

>> p=[3/5 0 0 0 1 -5 0] 

p = 

    0.6000         0         0         0    1.0000   -5.0000         0 

>> y=polyval(p,x) 

y = 

  1.0e+005 * 

    0.0043    0.2800    6.0005 

 

Note:  

 The above solution assumes that each execution is independent, so the x value is 

redefined for each polynomial. If the execution of these polynomials is at the same 

time it isn’t necessary to redefine x for every polynomial. 

 The number of execution lines can be reduced by combining all line in single 

statements as shown. 

1.  

>> y=polyval([1 0 0 0 -2],[3 6 10]) 

y = 

          79        1294        9998 

2.  

y=polyval([1 -12 0 25 116],[3 6 10]) 

y = 

         -52       -1030       -1634 

3.  

y=polyval([3/5 0 0 0 1 -5 0],[3 6 10]) 

y = 

  1.0e+005 * 

    0.0043    0.2800    6.0005 

 

b. 

1.  



  

2012 

 

 

 
50 

 

  

University of Technology  
Dept. Of Production Eng. & Metallurgy 

2nd Metallurgical class 

Dr. Mohanned AL-Khafaji 

MATLAB Lectures 

>> x=[3 6 10] 

x = 

     3     6    10 

>> y=x.^4-2 

y = 

          79        1294        9998 

2.  

>> x=[3 6 10] 

x = 

     3     6    10 

>> y=x.^4-12*x.^3+25*x+116 

y = 

         -52       -1030       -1634 

3.  

>> x=[3 6 10] 

x = 

     3     6    10 

>> y=3/5*x.^6+x.^2-5*x 

y = 

  1.0e+005 * 

    0.0043    0.2800    6.0005 

16.3 Roots of polynomial 
The root of equation is the value of x that make the equation equal to zero. 

Example: 

Find the roots of the following equations. 

1. 𝑦 = 𝑥2 − 4 

2. 𝑦 = 𝑥2 − 5𝑥 − 6 

Solution: 

1.  

Mathematical solution: 

 Set the value of y=0 then 

𝑥2 − 4 = 0 

𝑥2 = 4 

𝑥 = ∓2 

MATLAB Solution 

>> p=[1 0 -4] 

p = 

     1     0    -4 

>> x=roots(p) 
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x = 

    2.0000 

   -2.0000 

2.   

Mathematical solution: 

First solution 

 Set the value of y=0 then 

𝑥2 − 5𝑥 − 6 = 0 

(𝑥 + 1)(𝑥 − 6) = 0 

                                                            𝑥 = −1 𝑜𝑟 𝑥 = 6 

Second solution can be found from the following equation 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

  

MATLAB solution 

>> p=[1 -5 -6] 

p = 

     1    -5    -6 

>> x=roots(p) 

x = 

     6 

    -1 

Example: 

Find 100 points (x,y) that satisfy the following equation. 

𝑦 = 𝑥2 − 5𝑥 − 6 

Solution 

>> p=[1 -5 -6] 

p = 

     1    -5    -6 

>> r=roots(p) 

r = 

     6 

    -1 
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>> x=linspace(r(1),r(2),100); 

>> y=polyval(p,x); 

>> plot(x,y) 

The estimated values are shown in Figure 8 

 

Figure 8 

Note: When the roots are known the polynomial coefficients can be found by using the (poly 

function). 

Example: 

 The roots are ( -1, 6) find the polynomial 

Solution: 

>> r=[-1 6] 

r = 

    -1     6 

>> p=poly(r) 

p = 

     1    -5    -6 

16.4 Polynomial Operations 

16.4.1 Polynomial Addition and Subtractions 

The coefficient of the sum of two polynomials is the sum of the coefficients of the two 

polynomials. The vectors containing the coefficients must be of the same length. For example, to 

add 

𝐴(𝑠) = 𝑠4 − 3𝑠3 − 𝑠 + 2 

𝐵(𝑠) = 4𝑠3 − 2𝑠2 + 5𝑠 − 16 
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𝐶(𝑠) = 𝐴(𝑠) + 𝐵(𝑆) = 𝑠4 + (4 − 3)𝑠3 − 2𝑠2 + (5 − 1)𝑠 + (2 − 16) = 𝑠4 + 𝑠3 − 2𝑠2 + 4𝑠 − 14 

MATLAB solution is 

>> a = [1 -3 0 -1 2]; 

>> b = [0 4 -2 5 -16]; 

>> c = a + b 

c = 

     1     1    -2     4   -14 

Note in the previous example the polynomial B is represented by adding the coefficients of 

x4 equal zero as shown by shaded number in MATLAB code. This is to make the two vectors equal in 

length. 

16.4.2 Scalar Multiplication 

The coefficient vector of the scalar multiple of a polynomial is simply the scalar times the 

coefficient vector of the polynomial. To specify 

𝐶(𝑠) = 3𝐴(𝑠) 

𝐶(𝑠) = 3𝑠4 − 9𝑠3 − 3𝑠 + 6 

MATLAB solution 

>> a = [1 -3 0 -1 2]; 

>> c=3*a 

c = 

     3    -9     0    -3     6 

 

16.4.3 Polynomial Multiplication 

The ( conv) function is used to make a polynomial multiplication. 

Syntax 

presult=conv(p1,p2) 

Where: 

presult: it is a polynomial which produced from the multiplication 

p1 and p2 are the first and second polynomial respectively. 

Example: 

Find the polynomial y which is the result of multiplication of the polynomial y1 and y2. 

𝑦1 = 𝑥2 − 2 

𝑦2 = 𝑥2 + 3𝑥 − 1 

Solution: 
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The mathematical solution is: 

𝑦 = 𝑦1 × 𝑦2 

𝑦 = (𝑥2 − 2)(𝑥2 + 3𝑥 − 1) 

𝑦 = 𝑥4 + 3𝑥3 − 𝑥2 − 2𝑥2 − 6𝑥 + 2 

𝑦 = 𝑥4 + 3𝑥3 − 3𝑥2 − 6𝑥 + 2 

The MATLAB solution 

>> p1=[1 0 -2] 

p1 = 

     1     0    -2 

>> p2=[1 3 -1] 

p2 = 

     1     3    -1 

>> p=conv(p1,p2) 

p = 

     1     3    -3    -6     2 

Example: 

Write a MATLAB code to compute the velocity of an object at time (10s). The object’s velocity 

equation can be determined by multiplying the following two velocities. 

𝑣1 = 𝑡2 + 3𝑡 − 4       𝑎𝑛𝑑    𝑣2 = 𝑡3 + 2 

Solution: 

>> pv1=[1 3 -4] 

pv1 = 

     1     3    -4 

>> pv2=[1 0 0 2] 

pv2 = 

     1     0     0     2 

>> pv=conv(pv1,pv2) 

pv = 

     1     3    -4     2     6    -8 

>> v=polyval(pv,10) 

v = 

      126252 

16.4.4 Polynomial Division 

You may have learned the “long division” method for evaluating the division of two 

polynomials. This method won’t be reviewed here, except to remind you that two results are 

determined: the quotient and the remainder. The result, expressed mathematically, is 

𝑁(𝑠)

𝐷(𝑠)
= 𝑄(𝑠) +

𝑅(𝑠)

𝐷(𝑠)
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Where N(s) is the numerator polynomial, D(s) is the denominator polynomial, Q(s) is the 

quotient polynomial, and R(s) is the remainder polynomial. 

The MATLAB function to perform polynomial division is ( deconv). 

Syntax  

[q,r] = deconv(v,u) 

 

 [q,r] = deconv(v,u) deconvolves vector u out of vector v, using long division. The quotient is 

returned in vector q and the remainder in vector r such that v = conv(u,q)+r . 

If u and v are vectors of polynomial coefficients, convolving them is equivalent to 

multiplying the two polynomials, and deconvolution is polynomial division. The result of dividing v 

by u is quotient q and remainder r. 

Example: 

Divide the polynomial 𝑦 = 𝑥4 + 3𝑥3 − 3𝑥2 − 6𝑥 + 2 by the polynomial    𝑦1 = 𝑥2 − 2 

Solution: 

The mathematical solution is by using the long division 

 

𝑥2 + 3𝑥 − 1 

𝑥2 − 2 𝑥4 + 3𝑥3 − 3𝑥2 − 6𝑥 + 2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅⁄  

𝑥4 − 2𝑥2                 

                   3𝑥3 − 𝑥2 − 6𝑥 + 2
  3𝑥3 − 6𝑥
−𝑥2 + 2
−𝑥2 + 2

0

 

In MATLAB 

>>p1=[1 3 -3 -6 2] 

p1 = 

     1     3    -3    -6     2 

>> p2=[1 0 -2] 

p2 = 

     1     0    -2 

>> [p r]=deconv(p1,p2) 

p = 

     1     3    -1 
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r = 

     0     0     0     0     0 

If we divide the resulted polinomial p by the p2 polynomial we get riminder as shown bellow 

1 

𝑥2 − 2 𝑥2 + 3𝑥 − 1̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅⁄  

                   𝑥2 − 2                

3𝑥 + 1
 

>> [q r]=deconv(p,p2) 

q = 

     1 

r = 

     0     3     1 

Example 

Divide the polynomial 𝑎(𝑥) = 𝑥6 + 6𝑥5 + 20𝑥4 + 52𝑥3 + 81𝑥2 + 96𝑥 + 84 by the 

polynomial 𝑏(𝑥) = 𝑥3 + 4𝑥2 + 9𝑥 + 16 using MATLAB code. 

Solution: 

>> a=[ 1 6 20 52 81 96 84] 

a = 

     1     6    20    52    81    96    84 

>> b=[ 1 4 9 16] 

b = 

     1     4     9    16 

>> [q r]=deconv(a,b) 

q = 

     1     2     3     6 

r = 

     0     0     0     0    -2    -6   -12 

Example: 

𝐻(𝑠) =
𝑁(𝑠)

𝐷(𝑠)
=

𝑠3 + 5𝑠2 + 11𝑠 + 13

𝑠2 + 2𝑠 + 4
 

Solution: 

>> n=[1 5 11 13 ]; 

>> d = [1 2 4]; 

>> [q r] = deconv(n,d) 

q = 

     1     3 

r = 

     0     0     1     1 

Placing the results in the mathmatical form 

𝐻(𝑠) = 𝑄(𝑠) +
𝑅(𝑠)

𝐷(𝑠)
= 𝑠 + 3 +

𝑠 + 1

𝑠2 + 2𝑠 + 4
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16.4.5 Polynomial Differentiation  

The function ( polyder) is used to differentiate a polynomial in MATLAB. This function is an 

abbreviation to the tow words ( Polynomial derivative). 

Syntax  

k = polyder(p) 

k = polyder(a,b) 

[n,d] = polyder(b,a) 

Description 

The polyder function calculates the derivative of polynomials, polynomial products, and 

polynomial quotients. The operands a, b, and p are vectors whose elements are the coefficients of 

a polynomial in descending powers. 

k = polyder(p) returns the derivative of the polynomial p.  

k = polyder(a,b) returns the derivative of the product of the two polynomials a 

and b. 

[n,d] = polyder(b,a) returns the numerator n and denominator d of the 

derivative of the polynomial quotient b/a. 

Example: 

Find 
𝑑𝑦

𝑑𝑥
 for the following equations 

1. 𝑦 = 𝑥4 − 2 

2. 𝑦 = 𝑥4 − 12𝑥3 + 25𝑥 + 116 

3. 𝑦 =
3

5
𝑥6 + 𝑥2 − 5𝑥 

4. 𝑦 = (𝑥4 − 2)(𝑥4 − 12𝑥3 + 25𝑥 + 116) 

5. 𝑦 =
𝑥4−12𝑥3+25𝑥+116

(𝑥4−2)
 

Solution: 

1.  

>> p=[1 0 0 0 -2] 

p = 

     1     0     0     0    -2 

>> dydx=polyder(p) 

dydx = 

     4     0     0     0 

2.  
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>>p=[1 -12 0 25 116] 

p = 

     1   -12     0    25   116 

>> dydx=polyder(p) 

dydx = 

     4   -36     0    25 

3.  

>> p=[3/5 0 0 0 1 -5 0] 

p = 

    0.6000         0         0         0    1.0000   -5.0000         0 

>> dxdy=polyder(p) 

dxdy = 

    3.6000         0         0         0    2.0000   -5.0000 

 

 

4.  

>> a=[1 0 0 0 -2] 

a = 

     1     0     0    -2 

>> b=[1 -12 0 25 116] 

b = 

    1   -12     0    25   116 

>> dydx=polyder(a,b) 

dydx = 

     8   -84     0   125   456    72     0   -50 

There is another solution  

>> a=[1 0 0 0 -2] 

a = 

     1     0     0    -2 

>> b=[1 -12 0 25 116] 

b = 

     1   -12     0    25   116 

>> p=conv(a,b) 

p = 

     1   -12     0    25   114    24     0   -50  -232 

>> dydx=polyder(p) 

dydx = 

     8   -84     0   125   456    72     0   -50     0   -50 

5.  

>> a=[1 -12 0 25 116] 

a = 

     1   -12     0    25   116 

>> b=[1 0 0 -2] 

b = 

     1     0     0    -2 

>> [num den] =polyder(a,b) 

num = 

     1     0     0   -58  -276     0   -50 

den = 

     1     0     0    -4     0     0     4 

There is another solution   
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>> a=[1 -12 0 25 116] 

a = 

     1   -12     0    25   116 

>> b=[1 0 0 -2] 

b = 

     1     0     0    -2 

>> dya=polyder(a) 

dya = 

     4   -36     0    25 

>> dyb=polyder(b) 

dyb = 

     3     0     0 

>> num=conv(b,dya)-conv(a,dyb) 

num = 

     1     0     0   -58  -276     0   -50 

>> den=conv(b,b) 

den = 

     1     0     0    -4     0     0     4 

16.4.6 Polynomial integration 

The function ( polyint) is used to integrate the polynomial in MATLAB 

Syntax  

polyint(p,k) 

  polyint(p) 

polyint(p,k) returns a polynomial representing the integral of polynomial p, using 

a scalar constant of integration k. 

polyint(p) assumes a constant of integration k=0. 

Example: 

Find the integration of the following equations, use the integration constant (c=3). 

1. 𝑦 = 𝑥4 − 2 

2. 𝑦 = 𝑥4 − 12𝑥3 + 25𝑥 + 116 

3. 𝑦 =
3

5
𝑥6 + 𝑥2 − 5𝑥 

Solution: 

1.  

>> p=[1 0 0 0 -2] 

p = 

     1     0     0     0    -2 

>> I=polyint(p,3) 

I = 

    0.2000         0         0         0   -2.0000    3.0000 

2.  
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>> p=[1 -12 0 25 116] 

p = 

     1   -12     0    25   116 

>> I=polyint(p,3) 

I = 

    0.2000   -3.0000         0   12.5000  116.0000    3.0000 

3.  

>> p=[3/5 0 0 0 1 -5 0] 

p = 

    0.6000         0         0         0    1.0000   -5.0000         0 

>> I=polyint(p,3) 

I = 

    0.0857         0         0         0    0.3333   -2.5000         0    3.0000 

Example:  

A body has velocity defined by the following equation 

𝑣 = 𝑡3 + 2𝑡 

By using MATLAB find the change in its distance and acceleration if the time changes from 2 

sec to 6 sec. 

Solution: 

As it is known the velocity it’s the first derivative to the distance  𝑣 =
𝑑𝑠

𝑑𝑡
 and the acceleration 

is the second derivative of the distance, =
𝑑𝑣

𝑑𝑡
=

𝑑2𝑠

𝑑𝑡2 . 

𝑠(𝑡) = ∫ 𝑣 𝑑𝑡
𝑡

0

=
𝑡4

4
+ 𝑡2 

𝑎(𝑡) = 3𝑡2 + 2 

MATLAB solution 

>> v=[1 0 2 0]; t=[2 6]; 

>> s=polyint(v) 

s = 

    0.2500         0    1.0000         0         0 

>> sv=polyval(s,t) 

sv = 

     8   360 

>> ds=sv(2)-sv(1) 

ds = 

   352 

>> a=polyder(v) 

a = 

     3     0     2 

>> av=polyval(a,t) 

av = 

    14   110 

>> da=av(2)-av(1) 
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da = 

    96 

Example: 

Starting from rest, a particle moving in a straight line has an acceleration of (a = bt + c). What 

are the particle's velocity and its position at t1 and t2? 

Where b=2, c=-6 , t1=6 sec and t2=11 sec. 

Solution: 

𝑣(𝑡) = ∫ 𝑎(𝑡)
𝑡

0

=
𝑏𝑡2

2
+ 𝑐𝑡 

𝑠(𝑡) = ∫ 𝑣(𝑡)
𝑡

0

=
𝑏𝑡3

6
+

𝑐𝑡2

2
 

MATLAB solution 

>> b=2;c=-6;t=[6 11]; 

>> a=[b c]; 

>> v=polyint(a) 

v = 

     1    -6     0 

>> s=polyint(v) 

s = 

    0.3333   -3.0000         0         0 

>> vv=polyval(v,t) 

vv = 

     0    55 

>> sv=polyval(s,t) 

sv = 

  -36.0000   80.6667 

Example: 

Find the area generated from the two curves 𝑦 = 𝑥3  𝑎𝑛𝑑  𝑦 = 0.5𝑥, 0 ≤ 𝑥 ≤
1

2
    as shown 

in figure bellow. 
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Solution: 

𝐴 = ∫ 0.5𝑥
0.5

0

= [
0.5

2
𝑥2]

0

0.5

= 0.0625 

𝐴1 = ∫ 𝑥3
0.5

0

= [
𝑥4

4
]
0

0.5

= 0.0156 

𝐴𝑡 = 𝐴 − 𝐴1 = 0.0625 − 0.0156 = 0.0469 

>> p=[.5 0]; 

>> p1=[1 0 0 0]; 

>> x=[0 .5]; 

>> Iy=polyint(p) 

Iy = 

    0.2500         0         0 

>> Iy1=polyint(p1) 

Iy1 = 

    0.2500         0         0         0         0 

>> aIy=polyval(Iy,x) 

aIy = 

         0    0.0625 

>> aIy1=polyval(Iy1,x) 

aIy1 = 

         0    0.0156 

>> A=aIy(2)-aIy(1) 

A = 

    0.0625 

>> A1=aIy1(2)-aIy1(1) 

A1 = 

    0.0156 

>> At=A-A1 

At = 

    0.0469 
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16.5 Polynomial fitting 
Curve fitting is the process of constructing a curve, or mathematical function, which has 

the best fit to a series of data points, possibly subject to constraints. Curve fitting can involve 

either interpolation, where an exact fit to the data is required, or smoothing, in which a "smooth" 

function is constructed that approximately fits the data.  

17. M File 
For complicated problems, the simple editing tools provided by the Command Window and 

its history mechanism are insufficient. A much better approach is to create an M-file. There are two 

different kinds of M-files: script M-files and function M-files.  

M-files are ordinary text files containing MATLAB commands. You can create and modify 

them using any text editor or word processor that is capable of saving files as plain ASCII text. (Such 

text editors include notepad in Windows) More conveniently, you can use the built-in 

Editor/Debugger, which you can start by typing edit, either by itself (to edit a new file) or followed 

by the name of an existing M-file in the current working directory. You can also use the File menu 

or the two leftmost buttons on the tool bar to start the Editor/Debugger, either to create a new file 

or to open an existing file. Double-clicking on an M-file in the Current Directory browser will also 

open it in the Editor/Debugger. 

17.1 Script M-Files 
We now show how to construct a script M-file to solve the mathematical problem 

Example :  

 Create a file containing the following lines 

a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 

i=1:4; 

p=(i-1)*size(a,1)+i 

s=sum(a((i-1)*size(a,1)+i)) 

We will assume that you have saved this file with the name examp1.m in your working 

directory or in some directory on your path. You can name the file any way you like (subject to the 

usual naming restrictions on your operating system), but the “.m” suffix is mandatory. 

Note:  the working directory (folder) is the current folder that MATLAB work on and the path is 

the list of folders that MATLAB search in for functions or files. 

if you need to add a folder with its subfolders to your path you can do use the following code  

addpath(genpath( path_string_variable)) 

for example assume you need to add the folder named(My Work) located in D: partition in your 

hard disk   

http://en.wikipedia.org/wiki/Curve
http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Interpolation
http://en.wikipedia.org/wiki/Smoothing
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addpath(genpath( 'D:/My work')) 

there is another way by using from (File menu  set path  brows for the folder) 
You can tell MATLAB to run (or execute) this script by typing examp1  in the Command 

Window. (You must not type the “.m” extension here; MATLAB automatically adds it when searching 

for M-files.) The output but not the commands that produce them will be displayed in the Command 

Window. Now the sequence of commands can easily be changed by modifying the M-file examp1.m. 

For example, if you also wish to find the maximum value in each column of the matrix a and 

multiplay the result vector by p, you can modify the M-file to be like 

a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 

ma=max(a) 

i=1:4; 

p=(i-1)*size(a,1)+i 

s=sum(a((i-1)*size(a,1)+i)) 

map=p.*ma 

and then run the modified script by typing examp1. Be sure to save your changes to examp1.m first; 

otherwise, MATLAB will not recognize them. Any variables that are set by the running of a script M-

file will persist exactly as if you had typed them into the Command Window directly.  

17.1.1 Echoing Commands 

As mentioned above, the commands in a script M-file will not automatically be displayed in 

the Command Window. If you want the commands to be displayed along with the results, use (echo 

on) and if you need to stop it (echo off) : 

echo on 

a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 

ma=max(a) 

i=1:4; 

p=(i-1)*size(a,1)+i 

s=sum(a((i-1)*size(a,1)+i)) 

map=p.*ma 

echo off 

When this M file executed either by typing examp1 in the command window, by pressing F5 or by 

clicking on the run icon in the toolbox as shown Figure 9 
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Figure 9 The MATLAB environment with the m file editor 

the output in the command window will be  

>> examp1 

a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 

ma=max(a) 

ma = 

     9    10    10    13 

i=1:4; 

p=(i-1)*size(a,1)+i 

p = 

     1     6    11    16 

s=sum(a((i-1)*size(a,1)+i)) 

s = 

    34 

map=p.*ma 

map = 

     9    60   110   208 

echo off 

17.1.2 >> Adding Comments 

It is worthwhile to include comments in a lengthy script M-file. These comments might 

explain what is being done in the calculation, or they might interpret the results of the calculation. 

Any line in a script M-file that begins with a percent sign (%) is treated as a comment and is not 

executed by MATLAB. Here is our new version of examp1.m with a few comments added: 

echo on 
%creating matrix a 
a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 
% find the maximum value in the matrix a 

M file editor 

Run 

button 
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ma=max(a) 
%initializing vector i 
i=1:4; 
% computing p 
p=(i-1)*size(a,1)+i 
% computing s 
s=sum(a((i-1)*size(a,1)+i)) 
% compute the multiplication of the vector p by the maximum values 
map=p.*ma 
echo off 

 

When adding comments to a script M-file, you must remember to put a percent sign at the 

beginning of each line. This is particularly important if your editor starts a new line automatically 

while you are typing a comment. If you use echo on in a script M-file, then MATLAB will also echo 

the comments, so they will appear in the Command Window. 

The execution of new examp1.m file will give this result 

>> examp1 

% creating matrix a 

a=[8 3 10 8 ; 9 5 5 10; 1 10 8 7;9 10 6 13]; 

% find the maximum value in the matrix a 

ma=max(a) 

ma = 

     9    10    10    13 

% initializing vector i 

i=1:4; 

% computing p 

p=(i-1)*size(a,1)+i 

p = 

     1     6    11    16 

% computing s 

s=sum(a((i-1)*size(a,1)+i)) 

s = 

    34 

% compute the multiplication of the vector p by the maximum values 

map=p.*ma 

map = 

     9    60   110   208 

echo off 

>>  

17.1.3 Structuring Script M-Files 

For the results of a script M-file to be reproducible, the script should be self-contained, 

unaffected by other variables that you might have defined elsewhere in the MATLAB session, and 

uncorrupted by leftover graphics. With this in mind, you can type the line clear all at the beginning 

of the script, to ensure that previous definitions of variables do not affect the results. You can also 

include the close all command at the beginning of a script M-file that creates graphics, to close all 

graphics windows and start with a clean slate. 
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Example: 

This is an example for careful commented M file. 

% Remove old variable definitions 
clear all 
% Remove old graphics windows 
close all 
% Display the command lines in the command window 
echo on 
% Turn on 15 digit display 
format long 

  
% Define the vector of values of the independent variable 
x = [0.1, 0.01, 0.001]; 
% Compute the desired values 
y = sin(x)./x 
% These values illustrate the fact that the limit of 
% sin(x)/x as x approaches 0 is equal to 1. 
echo off 

 

Sometimes you may need to type, either in the Command Window or in an M-file, a 

command that is too long to fit on one line. If so, when you get near the end of a line you can type 

... (that is, three successive periods) followed by ENTER, and continue the command on the next 

line. In the Command Window, you will not see a command prompt on the new line. 

17.2 Function M-Files 
You often need to repeat a process several times for different input values of a parameter. 

For example, you can provide different inputs to a built-in function to find an output that meets a 

given criterion.  

Example: 

 Computed N values of   
𝑠𝑖𝑛(𝑥)

𝑥
 with 𝑥 =  10−𝑏 for M values of b and find the smallest value 

of b for which 
𝑠𝑖𝑛(10−𝑏)

10−𝑏  and 1 agree to 15 digits. Here is a function M-file called sinelimit.m designed 

to solve that problem: 

 

 

 

function y = sinelimit(c) 
% SINELIMIT computes sin(x)/x for x = 10ˆ(-b), 
% where b=1, ..., c. 
format long 
b = 1:c; 
x = 10.^(-b); 
y = (sin(x)./x)'; 
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Like a script M-file, a function M-file is a plain text file that should reside in your MATLAB 

working directory. The first line of the file contains a function statement, which identifies the file as 

a function M-file. The first line specifies the name of the function and describes both its' input 

arguments (or parameters) and its output values. In this example, the function is called sinelimit. 

The file name and the function name should match. 

The function sinelimit takes one input argument and returns one output value, called c and 

y respectively inside the M-file. When the function finishes executing, its output will be assigned to 

ans (by default) or to any other variable you choose, just as with a built-in function. The remaining 

lines of the M-file are defining the function. In this example, b is a row vector consisting of the 

integers from 1 to c. The vector y contains the results of computing 
𝑠𝑖𝑛(𝑥)

𝑥
 where   𝑥 =  10−𝑏; the 

prime makes y a column vector. Notice that the output of the lines defining b, x, and y is suppressed 

with a semicolon   ( ; ). In general, the output of intermediate calculations in a function M-file should 

be suppressed. 

Of course, when we run the M-file above, we do want to see the results of the last line of 

the file, so a natural impulse would be to avoid putting a semicolon on this last line. But because 

this is a function M-file, running it will automatically display the contents of the designated output 

variable y. Thus if we did not put a semicolon at the end of the last line, we would see the same 

numbers twice when we run the function! 

Each function file has an area of memory, separate from the MATLAB base workspace, in 

which it operates. This area, called the function workspace, gives each function its own workspace 

context. This means that the variables used in a function M-file, such as b, x, and y in sinelimit.m, 

are local variables. This means that, unlike the variables that are defined in a script M-file, these 

variables are completely unrelated to any variables with the same names that you may have used 

in the Command Window, and MATLAB does not remember their values after the function M-file is 

executed.  

Here is an example that shows how to use the function sinelimit: 

>> sinelimit(3) 

ans = 

   0.998334166468282 

   0.999983333416666 

   0.999999833333342 

 

None of the values of b from 1 to 3 yields the desired answer, 1, to 15 digits. Judging from 

the output, you can expect to find the answer to the question we posed above by typing 

sinelimit(10). Try it! 

17.2.1 MATLAB Function Syntax 

Function calls written in function syntax 
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1. Enclose the input argument list in parentheses 

2. Separate the inputs with commas 

3. Enclose string arguments with single quotation marks 

4. Optionally assign any output from the function to one or more output arguments 

Function calls written in function syntax enclose the input argument list in parentheses, 

separate the inputs with commas, enclose string arguments with single quotation marks, and 

optionally assign any output from the function to one or more output arguments.  

The format for MATLAB function call syntax that return one output is  

 out = functionname(in1, in2, ..., inN); 

 

If a function returns more than one value, separate the output variables with commas or 

spaces, and enclose them all in square brackets ([]): [out1,  

[out1, out2, ..., outM] = functionname(in1, in2, ..., inN); 

 

18. Program Control Statements 

18.1 Conditional Control  
This group of control statements enables you to select at run-time which block of code is 

executed. To make this selection based on whether a condition is true or false, use the if statement 

(which may include else or elseif). To select from a number of possible options depending on the 

value of an expression, use the switch and case statements (which may include otherwise). 

You cannot define nested functions within a conditional control block. Nested functions 

must always be defined at the top level of a function. 

18.1.1 if, else, and elseif 

if evaluates a logical expression and executes a group of statements based on the value of 

the expression. In its simplest form, its syntax is 

if logical_expression 

    statements 

end 

If the logical expression is true (that is, if it evaluates to logical 1), the MATLAB software 

executes all the statements between the if and end lines. It resumes execution at the line 

following the end statement. If the condition is false (evaluates to logical 0), MATLAB skips all 

the statements between the if and end lines, and resumes execution at the line following the 

end statement. 

For example, 
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if rem(a, 2) == 0 

    disp('a is even') 

    b = a/2; 

end 

You can nest any number of if statements. 

If the logical expression evaluates to a non-scalar value, all the elements of the argument 

must be nonzero. For example, assume X is a matrix.  

if X 

    codes 

end 

In the above example the codes will executed for if and only if all the elements of X not equal 

to zero. 

The else and elseif statements further conditionalize the if statement: 

 if logicalepression1 
         codes 1 

elseif logicalepression2 
    codes 2  
elseif logicalepression3 
    codes 3 
else 
    codes 4 
end 

 

 The else statement has no logical condition. The statements associated with it execute if the 

preceding if (and possibly elseif condition) evaluates to logical 0 (false). 

 The elseif statement has a logical condition that it evaluates if the preceding if (and possibly 

elseif condition) is false. The statements associated with it execute if its logical condition 

evaluates to logical 1 (true). You can have multiple elseif statements within an if block. 

if n < 0             % If n negative, take the absolute value . 

    A=abs(n) 

elseif rem(n,2) == 0 % If n positive and even, divide by 2. 

    A = n/2; 

else 

    A = (n+1)/2;     % If n positive and odd, increment and divide. 

end 

 

18.1.2 switch, case, and otherwise 

switch executes certain statements based on the value of a variable or expression. Its basic 

form is 

switch expression (scalar or string) 

   case value1 

      statements       % Executes if expression is value1 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/else.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/elseif.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/switch.html
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   case value2 

      statements       % Executes if expression is value2 

    . 

    . 

    . 

   otherwise 

      statements       % Executes if expression does not 

                       % match any case 

end 

This block consists of 

 The word switch followed by an expression to evaluate. 

 Any number of case groups. These groups consist of the word case followed by a possible 

value for the expression, all on a single line. Subsequent lines contain the statements to 

execute for the given value of the expression. These can be any valid MATLAB statement 

including another switch block. Execution of a case group ends when MATLAB 

encounters the next case statement or the otherwise statement. Only the first matching 

case is executed. 

 An optional otherwise group. This consists of the word otherwise, followed by the 

statements to execute if the expression's value is not handled by any of the preceding case 

groups. Execution of the otherwise group ends at the end statement.  

 An end statement. 

switch works by comparing the input expression to each case value. For numeric 

expressions, a case statement is true if (value==expression). For string expressions, a case statement 

is true if strcmp(value,expression). 

The code below shows a simple example of the switch statement. It checks the variable 

input_num for certain values. If input_num is -1, 0, or 1, the case statements display the value as 

text. If input_num is none of these values, execution drops to the otherwise statement and the code 

displays the text 'other value'. 

switch input_num 

    case -1 

        x=10; 

    y=100*x; 

 case 0 

        x=20; 

    y=100-x; 

    case 1 

        x=30; 

        y=x.^2+x; 

    otherwise 

         y=0 

end 

18.2 Loop Control — for, while, continue, break 
With loop control statements, you can repeatedly execute a block of codes, looping back 

through the block while keeping track of each iteration number with an incrementing index variable. 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/case.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/otherwise.html


  

2012 

 

 

 
72 

 

  

University of Technology  
Dept. Of Production Eng. & Metallurgy 

2nd Metallurgical class 

Dr. Mohanned AL-Khafaji 

MATLAB Lectures 

Use the for statement to loop a specific number of times. The while statement is more suitable for 

basing the loop execution on how long a condition continues to be true or false. The continue and 

break statements give you more control on exiting the loop. 

You cannot define nested functions within a loop control block. Nested functions must 

always be defined at the top level of a function. 

18.2.1 for 

The for loop executes a statement or group of statements a predetermined number of times. 

Its syntax is 

for index = start:increment:end 

    statements 

end 

The default increment is 1. You can specify any increment, including a negative one. For 

positive indices, execution terminates when the value of the index exceeds the end value; for 

negative increments, it terminates when the index is less than the end value.  

For example, this loop executes five times. 

for n = 2:6 

    x(n) = 2 * x(n - 1); 

end 

You can nest multiple for loops. 

for m = 1:5 

    for n = 1:100 

        A(m, n) = 1/(m + n - 1); 

    end 

end 

Using Arrays as Indices:  The index of a for loop can be an array. For example, consider an      m-

by-n array A. The statement 

for k = A 

    statements 

end 

sets k equal to the vector A(:,i), where i is the iteration number of the loop. For the 

first loop iteration, k is equal to A(:,1); for the second, k is equal to A(:,2); and so on until k 

equals A(:,n). That is, the loop iterates for a number of times equal to the number of columns in 

A. For each iteration, k is a vector containing one of the columns of A. 

Example: 

A =[    17    24     1     8    15; 
        23     5     7    14    16; 
        4     6    13    20    22; 
        10    12    19    21     3; 
        11    18    25     2     9] 
for k=A 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/for.html
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    k 
end 

Execute the above code will generate 

A = 

    17    24     1     8    15 

    23     5     7    14    16 

     4     6    13    20    22 

    10    12    19    21     3 

    11    18    25     2     9 

k = 

    17 

    23 

     4 

    10 

    11 

k = 

    24 

     5 

     6 

    12 

    18 

k = 

     1 

     7 

    13 

    19 

    25 

k = 

     8 

    14 

    20 

    21 

     2 

k = 

    15 

    16 

    22 

     3 

     9 

18.2.2 while 

The while loop executes a statement or group of statements repeatedly as long as the 

controlling expression is true (1). Its syntax is 

while expression 

    statements 

end 

If the expression evaluates to a matrix, all its elements must be 1 for execution to continue. 

To reduce a matrix to a scalar value, use the all and any functions. 

Example: Write a MATLAB code to compute n! (n factorial ). 

Solution; 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/while.html
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function x=fact(n) 
if n==0 
    x=1; 
elseif n>0 
    x=1; 
    while (n>0) 
        x=x*n; 
        n=n-1; 
    end 
else 
    x=-1; % error there is no factorial for negative No. 
end 

18.2.3 continue 

The continue statement passes control to the next iteration of the for or while loop in which 

it appears, skipping any remaining statements in the body of the loop. In for loops, the loop counter 

is incremented by the appropriate value (either 1 or the specified step value) at the start of the next 

iteration. 

continue works the same way in nested loops. That is, execution continues at the beginning 

of the loop in which the continue statement was encountered. 

18.2.4  break 

The break statement terminates the execution of a for loop or while loop. When a break 

statement is encountered, execution continues with the next statement outside of the loop. In 

nested loops, break exits from the innermost loop only. 

18.3 Input statement  
Request user input 

Syntax  

evalResponse =input(prompt) 

strResponse = input(prompt, 's') 

evalResponse = input(prompt) displays the prompt string on the screen, waits for input 

from the keyboard, evaluates any expressions in the input, and returns the value in evalResponse. 

To evaluate expressions, the input function accesses variables in the current workspace. 

strResponse = input(prompt, 's') returns the entered text as a MATLAB string, without 

evaluating expressions. 

If you press the Return key without entering anything, input returns an empty matrix. 

To create a prompt that spans several lines, use '\n' to indicate each new line. To include a backslash 

('\') in the prompt, use '\\'. 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/continue.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/for.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/break.html
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If you enter an invalid expression at the prompt, MATLAB displays the relevant error message and 

then redisplays the prompt. 

18.4 Output statements 

18.4.1 disp Function 

disp(X) displays an array, without printing the array name. If X contains a text string, the 

string is displayed.  

Another way to display an array on the screen is to type its name, but this prints a leading "X=," 

which is not always desirable. 

Note that disp does not display empty arrays. 

Example 1 — Display a matrix with column labels 

This example uses disp to display a matrix with column labels: 

disp('         Corn         Oats         Hay') 

disp(rand(5,3)) 

This results in 

         Corn         Oats           Hay 

        0.2113        0.8474        0.2749 

        0.0820        0.4524        0.8807 

        0.7599        0.8075        0.6538 

        0.0087        0.4832        0.4899 

        0.8096        0.6135        0.7741 

 

 

 

 

Example 3 — Display multiple items on the same line 

Use concatenation to display multiple items using disp. For example: 

x = [1 2 3]; 

disp(['The values of x are: ', num2str(x)]); 

displays 

The values of x are: 1  2  3 

 

Note: The num2str function converts numbers to their string representations. This function is useful 

for labeling and titling plots with numeric values. 
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18.4.2 fprintf Function 
 

fprintf(format, A, ...) 

 

fprintf applies the format to all elements of array A and any additional array arguments in 

column order, and displays the results on the screen. 

format String in single quotation marks that describes the format of the output fields. Can 

include combinations of the following: 

1. Percent sign followed by a conversion character, such as '%s' for strings. 
2. Operators that describe field width, precision, and other options. 
3. Literal text to print. 
4. Escape characters, including: 

Char Description Char Description 

'' Single quotation mark \n New line 

%% Percent character \r Carriage return 

\\ Backslash \t Horizontal tab 

\a Alarm \v Vertical tab 
\b Backspace \xN Hexadecimal number, N 

\f Form feed \N Octal number, N 

Conversion characters and optional operators appear in the following order (includes spaces 

for clarity): 

 

The following table lists the available conversion characters and subtypes. 

Value Type Conversion Details 

signed Integer %d Base 10 values 

%ld 64-bit base 10 values 

Unsigned Integer %u Base 10 

Floating-point number %f Fixed-point notation 

%e Exponential notation, such as 
3.141593e+00 

%E Same as %e, but uppercase, 
such as 3.141593E+00 

 

% 12.5 b   

 

Conversion 

 Precision 

 

Field Width 
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Field Width: is the minimum number of characters to print. Can be a number, or an asterisk (*) to 

refer to an argument in the input list.  

Precision: For %f, %e, or %E: Number of digits to the right of the decimal point.  

Example: '%6.4f' prints pi as '3.1416' 

Examples 

Print multiple values and literal text to the screen: 

B = [8.8  7.7 ; ... 

     8800 7700]; 

fprintf('X is %4.2f meters or %8.3f mm\n', 9.9, 9900, B) 

MATLAB displays: 

X is 9.90 meters or 9900.000 mm 

X is 8.80 meters or 8800.000 mm 

X is 7.70 meters or 7700.000 mm 
 

 

Explicitly convert double-precision values with fractions to integer values, and print to the screen: 

a = [1.02 3.04 5.06]; 

fprintf('%d\n', round(a)); 

 

Write a short table of the exponential function to the screen: 

x = 0:.1:1; 

y = [x; exp(x)]; 

fprintf( '%6.2f %12.8f\n', y); 

 

the result will be  

  0.00   1.00000000 

  0.10   1.10517092 

  0.20   1.22140276 

  0.30   1.34985881 

  0.40   1.49182470 

  0.50   1.64872127 

  0.60   1.82211880 

  0.70   2.01375271 

  0.80   2.22554093 

  0.90   2.45960311 

  1.00   2.71828183 
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19. Graphics 
The MATLAB environment provides a wide variety of techniques to display data graphically. 

Interactive tools enable you to manipulate graphs to achieve results that reveal the most 

information about your data. You can also annotate and print graphs for presentations, or export 

graphs to standard graphics formats for presentation in Web browsers or other media. 

The process of visualizing data typically involves a series of operations. This section provides 

a "big picture" view of the plotting process and contains links to sections that have examples and 

specific details about performing each operation.  

The type of graph you choose to create depends on the nature of your data and what you 

want to reveal about the data. You can choose from many predefined graph types, such as line, bar, 

histogram, and pie graphs as well as 3-D graphs, such as surfaces, slice planes, and streamlines. 

19.1 2D plotting (Plot Function) 
The plot function 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. If you specify two vectors as arguments, plot(x,y) produces a graph of y versus x. 

For example, the following statements use the colon operator to create a vector of x values 

ranging from 0 to 2π, compute the sine of these values, and plot the result: 

 

x = 0:pi/100:2*pi;  % you can use linspace() 
y = sin(x); 

plot(x,y) 

 

The result will be a 2D plot as shown in Figure 10  

 

Figure 10 
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19.2 Adding Axis Labels and Titles 
The xlabel, ylabel, and zlabel commands add x-, y-, and z-axis labels. The title 

command adds a title at the top of the figure and the text function inserts text anywhere in the 

figure. 

Now label the axes and add a title. The characters \pi create the symbol π as shown in Figure 11. 

xlabel('x = 0:2\pi') 
ylabel('Sine of x') 
title('Plot of the Sine Function','FontSize',12) 

 

Figure 11 

Note: you can use a subset of Text commands embedded in the string to produce special characters 

such as Greek letters and mathematical symbols. The following Table 1 lists these characters and the 

character sequences used to define them. 

Table 1 

Character 
Sequence  Symbol  

Character 
Sequence  Symbol  

Character 
Sequence  Symbol  

\alpha  α  \upsilon  υ  \sim  ~  

\beta  β  \phi  Φ  \leq  ≤  

\gamma  γ  \chi  χ  \infty  ∞  

\delta  δ  \psi  ψ  \clubsuit  ♣  

\epsilon  ɛ  \omega  ω  \diamondsuit  ♦  

\zeta  ζ  \Gamma  Γ  \heartsuit  ♥  

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/xlabel.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/ylabel.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/zlabel.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/title.html
jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/text.html
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Character 
Sequence  Symbol  

Character 
Sequence  Symbol  

Character 
Sequence  Symbol  

\eta  η  \Delta  ∆  \spadesuit  ♠  

\theta  Θ  \Theta  Θ  \leftrightarrow  ↔  

\vartheta  ϑ  \Lambda  Λ  \leftarrow  ←  

\iota  ι  \Xi  Ξ  \uparrow  ↑  

\kappa  κ  \Pi  Π  \rightarrow  →  

\lambda  λ  \Sigma  Σ  \downarrow  ↓  

\mu  μ  \Upsilon  ϒ  \circ  º  

\nu  ν  \Phi  Φ  \pm  ±  

\xi  ξ  \Psi  Ψ  \geq  ≥  

\pi  π  \Omega  Ω  \propto  ∝  

\rho  ρ  \forall  ∀  \partial  ∂  

\sigma  σ  \exists  ∃  \bullet  •  

\varsigma  ς  \ni  ∍  \div  ÷  

\tau  τ  \cong  ≅  \neq  ≠  

\equiv  ≡  \approx  ≈  \aleph  ℵ  

\Im  ℑ  \Re  ℜ  \wp  ℘  

\otimes  ⊗  \oplus  ⊕  \oslash  ∅  

\cap  ∩  \cup  ∪  \supseteq  ⊇  

\supset  ⊃  \subseteq  ⊆  \subset  ⊂  

\int  ∫  \in  ∈  \o  ο  

\rfloor  ⌋  \lceil  ⌈  \nabla  ∇  

\lfloor  ⌊  \cdot  ·  \ldots  ...  

\perp  ⊥  \neg  ¬  \prime  ´  

\wedge  ∧  \times  x  \0  ∅  

\rceil  ⌉  \surd  √  \mid  |  

\vee  ∨  \  ϖ  \  ©  

\langle 〈  \rangle 〉    

19.3 Plotting Multiple Data Sets in One Graph 
Multiple x-y pair arguments create multiple graphs with a single call to plot Function 

automatically cycle through a predefined (but customizable) list of colors to allow discrimination 

among sets of data. 

For example, the following statements plot three related functions of x, with each curve in 

a separate distinguishing color as shown in Figure 12: 

x =linspace(0,2*pi,100); 
y = sin(x); 
y2 = cos(x); 
y3 = sin(x-pi/4); 
plot(x,y,x,y2,x,y3) 

The legend command provides an easy way to identify the individual plots: 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/legend.html
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legend('sin(x)','cos(x)','sin(x-\pi/4)') 

 

Figure 12 

19.4 Specifying Line Styles and Colors 
It is possible to specify color, line styles, and markers (such as plus signs or circles) when you 

plot your data using the plot command: 

plot(x,y,'color_style_marker') 

color_style_marker is a string containing from one to four characters (enclosed in single 

quotation marks) constructed from a color, a line style, and a marker type. The strings are composed 

of combinations of the following elements: 

Type  Values  Meanings  

Color 

'c' cyan 

'm' magenta 

'y' yellow 

'r' red 

'g' green 

'b' blue 

'w' white 

'k' black 

Line style 

'-' solid 

'--' dashed 

':' dotted 
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Type  Values  Meanings  

'.-' dash-dot 

no character no line 

Marker type 

'+' plus mark 

'o' unfilled circle 

'*' asterisk 

'x' letter x 

's' filled square 

'd' filled diamond 

'^' filled upward triangle 

'v' filled downward triangle 

'>' filled right-pointing triangle 

'<' filled left-pointing triangle 

'p' filled pentagram 

'h' filled hexagram  

no character or none no marker 

 

If you specify a marker type but not a line style, only the marker is drawn. For example,  

plot(x,y,'ks') 

Plots black squares at each data point, but does not connect the markers with a line as shown in 

Figure 13. 

 

Figure 13 
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The statement plot(x,y,'r:+') plots a red-dotted line and places plus sign markers at each data 

point.  

Placing Markers at Every Tenth Data Point 

You might want to use fewer data points to plot the markers than you use to plot the lines. This 

example plots the data twice using a different number of points for the dotted line and marker plots 

as shown in Figure 14: 

x1 =linspace(0,2*pi,100); 
x2 =linspace(0,2*pi,10); 
plot(x1,sin(x1),'r:',x2,sin(x2),'r+') 

 

19.5 Adding Plots to an Existing Graph (hold Function) 
The MATLAB hold command enables you to add plots to an existing graph. When you type 

hold on 

Now MATLAB does not replace the existing graph when you issue another plotting 

command; it adds the new data to the current graph, rescaling the axes if necessary. 

 

Figure 14 

For example the following statements will add another curve to the graph in Figure 14 as 

shown in Figure 15:  

hold on 
plot(x1, cos(x1),'-b') 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/hold.html
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Figure 15 

In order to stop the effect of hold on command the hold off command should be used. 

19.6 Setting Grid Lines (on / Off) 
 

The grid command toggles grid lines on and off. The statement 

grid on 

turns the grid lines on as shown in the Figure 15 , and 

grid off 

turns them back off again. 
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Figure 16 

19.7 Figure Windows 
Graphing functions automatically open a new figure window if there are no figure windows 

already on the screen. If a figure window exists, it is used for graphics output. If there are multiple 

figure windows open, the one that is designated the "current figure" (the last figure used or clicked 

in) is used. 

To make an existing figure window the current figure, you can click the mouse while the 

pointer is in that window or you can type 

figure(n) 

where n is the number in the figure title bar. The results of subsequent graphics commands are 

displayed in this window.  

To open a new figure window and make it the current figure, type 

figure 

19.8 Displaying Multiple Plots in One Figure (subplot Function) 
 

The subplot command enables you to display multiple plots in the same window or print 

them on the same piece of paper. Typing 

subplot(m,n,p) 

jar:file:///C:/Program%20Files/MATLAB/R2010a/help/techdoc/help.jar%21/ref/subplot.html
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Partitions the figure window into an m-by-n matrix of small subplots and selects the pth 

subplot for the current plot as shown in Figure 17.  The plots are numbered along the first row of 

the figure window, then the second row, and so on. For example, these statements plot data in four 

different sub regions of the figure window as shown Figure 18: 

 

Figure 17 

 

 

x =linspace(0,2*pi,100); 
subplot(2,3,1); plot(x,sin(x));grid on 
subplot(2,3,2); plot(x,cos(x)) 
subplot(2,3,3); plot(x,tan(x));grid on 
subplot(2,3,4); plot(x,sin(x+pi/4)) 
subplot(2,3,5); plot(x,cos(x+pi/4));grid on 
subplot(2,3,6); plot(x,tan(x+pi/4)) 
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Figure 18 

19.9 Saving Figures 
Save a figure by selecting Save from the File menu. This writes the figure to a file, including 

data within it, its menus and other user interface controls it has, and all annotations (i.e., the entire 

window). If you have not saved the figure before, the Save As dialog displays. It provides you with 

options to save the figure as a FIG-file or export it to a graphics format, as the following figure shows. 
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19.10 3D graphics 

19.10.1 Plot3 Function 

The plot3 function displays a three-dimensional plot of a set of data points. 

plot3(X1,Y1,Z1,...), where X1, Y1, Z1 are vectors or matrices, plots one or more lines in three-

dimensional space through the points whose coordinates are the elements of X1, Y1, and Z1.  

Example 

r=1; 
th=0:5*360; 
x=r*cosd(th); 
y=r*sind(th); 
z=10*th; 
plot3(x,y,z) 
xlabel('x axis') 
ylabel('y axis') 
zlabel('z axis') 
grid on 
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19.10.2 meshgrid function 

Generate X and Y arrays for 3-D plots 

[X,Y] = meshgrid(x,y) 

Transforms the domain specified by vectors x and y into arrays X and Y, which can be used 

to evaluate functions of two variables and three-dimensional mesh/surface plots. The rows of the 

output array X are copies of the vector x; columns of the output array Y are copies of the vector y. 

Example 

>> x=[1 2 3] 

x = 

     1     2     3 

>> y=[8 9 10] 

y = 

     8     9    10 

>> [xx yy]=meshgrid(x,y) 

xx = 

     1     2     3 

     1     2     3 

     1     2     3 

yy = 

     8     8     8 

     9     9     9 

    10    10    10 

19.10.3 Surf Function 

3-D shaded surface plot 

surf creates colored parametric surfaces specified by X, Y, and Z. 

Example: 

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

Z = X .* exp(-X.^2 - Y.^2);                                         

surf(X,Y,Z) 
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Example:  

write a program to plot a sphere has radius of 10 units. 

 Solution: 

theta=linspace(0,360,20); % creating theta values 
r=10; % sphere radius 
phi=linspace(0,360,size(theta,2)); % creating theta values 

  
[theta phi]=meshgrid(theta,phi); % generate two matrices from theta and 

phi 
x = r* cosd(phi).*cosd(theta); % compute x values 
y = r*cosd(phi).*sind(theta); % compute y values 
z = r*sind(phi); % comput z values 

  
surf(x,y,z) 
xlabel('x axis') 
ylabel('y axis') 
zlabel('z axis') 

 

 


