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Lecture 1: Introduction to MATLAB  

1.1Introduction 

  MATLAB is a mathematical and graphical software package with numerical, 

graphical, and programming capabilities. It has built-in functions to perform many operations, 

and there are toolboxes that can be added to augment these functions (e.g., for signal 

processing). The name MATLAB stands for MATrix LABoratory. 

 

When the MATLAB software is started, a window opens in which the main part is the 

Command Window (see Figure 1.1). In the Command Window, The >> is called the prompt.  

At the prompt, any MATLAB command or expression can be entered, and MATLAB will 

respond immediately with the result. It is also possible to write programs in MATLAB that 

are contained in script files or M-files. 

 

 FIGURE 1.1 MATLAB command window 
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In addition to the Command Window, there are several other windows that can be opened 

and may be opened by default: 

 

 To the left of the Command Window is the Current Folder Window. The 

folder that is set as the Current Folder is where files will be saved. This window 

shows the files that are stored in the Current Folder. 

 

 To the right of the Command Window are the Workspace Window on top and 

the Command History Window on the bottom. The Workspace Window shows 

variables that have been created and their values. The Command History Window 

shows commands that have been entered, not just in the current session (in the 

current Command Window), but previously as well. 

 

1.2 MATLAB SCRIPTS 

A script is a sequence of MATLAB instructions that is stored in an M-file and 

saved. The contents of a script can be displayed in the Command Window using the 

type command. The script can be executed, or run, by simply entering the name of the file 

(without the .m extension). 

Before creating a script, make sure the Current Folder is set to the folder in which you 

want to save your files. The steps involved in creating a script to click on “New Script” under 

the HOME tab. Alternatively, you can click on the down arrow under “New” and then choose 

Script (see Figure 1.2) 

A new window will appear called the Editor. In the latest versions of MATLAB, this 

window has three tabs:“EDITOR”, “PUBLISH”, and “VIEW”. Next, simply type the 

sequence of statements. 

When finished, save the file by choosing the Save down arrow under the EDITOR tab 

or, in earlier versions of MATLAB, by choosing File and then Save. Make sure that the 

extension of .m is on the filename (this should be the default). The rules for file names are 
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the same as for variables (they must start with a letter; after that there can be letters, digits, or 

the underscore).  

Figure 1.2 Editor 

 

Example:                                                script1.m 

 

radius = 5 

area = pi * (radius^2) 

 

To display it in the Command Window: 

>> type script1 

radius = 5 

area = pi * (radius^2) 

To actually run or execute the script from the Command Window, the name of the file is 

entered at the prompt (without the .m). When executed, the results of the two assignment 

statements are displayed, as the output was not suppressed for either statement. 

>> script1 

radius = 

5 

area = 
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78.5398 

 

1.3 Variables And Assignment Statements 

To store a value in a MATLAB session, or in a program, a variable is used.  

One easy way to create a variable is to use an assignment statement. The format of an 

assignment statement is: 

                                          Variable name = a value (or an expression) 

The variable is always on the left, followed by the ‘=’ symbol, which is the assignment 

operator, followed by an expression.. Here is an example and how it would appear in the 

Command Window: 

>> mynum = 6 

mynum = 

6 

>> 

Putting a semicolon at the end of a statement suppresses the output. For example, 

 

>> t = 5; 

>> t = t+1 

t = 

6  

MATLAB uses a default variable named ans if an expression is typed at the 

prompt and it is not assigned to a variable. For example, the result of the 

expression 6 + 3 is stored in the variable ans: 

>> 6 + 3 

ans = 



MATLAB Programming Lectures                                                                                                 By: Sarah Hussein 

5 | P a g e  
 

 

9 

1.3.1 Variable Names 

Variable names are examples of identifier names. The rules for identifier names are as 

follows: 

 The name must begin with a letter of the alphabet. After that, the name can contain 

letters, digits, and the underscore character (e.g., value_1), but it cannot have a space. 

 MATLAB is case-sensitive, which means that there is a difference between 

upper- and lowercase letters. So, variables called mynum, MYNUM, and 

Mynum are all different. 

 There are certain words called reserved words, or keywords, that cannot be 

used as variable names. 

 

The following commands relate to variables: 

 who shows variables that have been defined in this Command Window (this just shows 

the names of the variables). 

 whos shows variables that have been defined in this Command Window (this shows 

more information on the variables, similar to what is in the Workspace Window). 

 clear clears out all variables so they no longer exist. 

 clear variablename clears out a particular variable. 

 clear variablename1 variablename2 … clears out a list of variables (note:          

separate the names with spaces). 

       Example: 

>> mynum = 3; 

>> mynum +5; 

>> who 
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Your variables are: 

ans mynum 

>> clear mynum 

>> who 

Your variables are: 

ans 

1.3.2 Constants 

Variables are used to store values that might change, or for which the values are  not 

known ahead of time. Most languages also have the capacity to store constants, which are 

values that are known ahead of time and cannot possibly change. MATLAB includes a 

number of predefined constant values. A list of the most common values is given in the 

following Table: 

 

 

 

 

1.4 Numerical Expressions 

Expressions can be created using values, variables that have already been created, 

operators, built-in functions, and parentheses. An example of such an expression is: 

>> 2 * sin(1.4) 

ans = 

1.9709 

1.4.1 The Format Function and Ellipsis 

The default in MATLAB is to display numbers that have decimal points with 



MATLAB Programming Lectures                                                                                                 By: Sarah Hussein 

7 | P a g e  
 

 

four decimal places. The format command can be used to specify the output format of 

expressions. 

There are many options, including making the format short (the default) or long. 

For example, changing the format to long will result in 15 decimal places. This will remain 

in effect until the format is changed back to short, as  in the following: 

>> format long 

>> 2 * sin(1.4) 

ans = 

1.970899459976920 

>> format short 

>> 2 * sin(1.4) 

ans = 

1.9709 

Particularly long expressions can be continued on the next line by typing three (or 

more) periods, which is the continuation operator, or the ellipsis. To do this, type part of 

the expression followed by an ellipsis, then hit the Enter key and continue typing the 

expression on the next line. 

>> 3 + 55 - 62 + 4 - 5… 

+ 22 - 1 

ans = 

16 

1.4.2  Operators 

The common operators that can be used with numerical expressions are: 

1. Arithmetic operators:  

+ addition 



MATLAB Programming Lectures                                                                                                 By: Sarah Hussein 

8 | P a g e  
 

 

- negation, subtraction 

* multiplication 

/ division (divided by e.g. 10/5 is 2) 

\ division (divided into e.g. 5\10 is 2) 

^ exponentiation (e.g. 5^2 is 25) 

 

 

2. Relational operators 

The relational operators in MATLAB are: 

 

              

      3. logical operators 

The logical operators are: 

 

 

the truth table in the following table  shows how the logical operators work 

for all combinations. 

 



MATLAB Programming Lectures                                                                                                 By: Sarah Hussein 

9 | P a g e  
 

 

 

 

 

1.4.2.1Operator Precedence Rules 

 
Some operators have precedence over others. The following Table is the precedence  

(from the highest to the lowest): 

 

For example, in the expression 4 + 5 * 3, the multiplication takes precedence over 

the addition, so, first 5 is multiplied by 3, then 4 is added to the result. Using parentheses 

can change the precedence in an expression: 

>> 4 + 5 * 3 

ans = 

19 

>> (4 + 5) * 3 

 ans= 

27 

 

H/W Translate the following expression in Matlab: 

1.𝑎2 + 𝑏2 = 𝑐2 

           2. 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
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1.4.3 Mathematical functions 

There is a long list of mathematical functions that are built into MATLAB. The 

following table list some commonly used functions, where variables x and y can be 

numbers, vectors, or matrices. 

 

 

 

For example: y = e-a sin(x) + 10√y, for a = 5, x = 2, and y = 8 is computed by 

>> a = 5; x = 2; y = 8; 

>> y = exp(-a)*sin(x)+10*sqrt(y) 

y = 

28.2904 
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Lecture 2: Input and Output Statements 

2.1 Input Function 

 The simplest input function in MATLAB is called input.  

                   -  Syntax: 

variable name= input(‘ message’) / For number 

Ex: 

>> rad = input('Enter the radius: ') 

Enter the radius: 5 

rad = 

5 

                   - Syntax : 

variable name= input(‘ message’,’s’) / For character or string 

Ex: 

>> letter = input('Enter a char: ','s') 

Enter a char: g 

letter = 

g 

 

2.2 Output Statements: disp and fprintf 

 Output statements display strings and/or the results of expressions, and can allow for 

formatting, or customizing how they are displayed. 

 

2.2.1 disp Function 

 The simplest output function in MATLAB is disp, which is used to display the result 

of an expression or a string without assigning any value to the default variable ans. disp does 

not allow formatting. 

General form is: disp(    )     
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 For example, 

1. disp(‘ string or message’) to print string or message 

>> disp('Hello') 

Hello 

             2. disp( arithmetic expression ) to print the value of  arithmetic expression 

>> disp(4^3) 

64 

3.disp(variable name) to print the value of variable name  

Let x=5 

>>disp(x) 

5 

 

2.2.2 fprintf function 

Formatted output can be printed to the screen using the fprintf function.  

General form is: 

fprintf(‘             1          %2\n’, 3), where: 

1= message or string. 

2= %d integer (it stands for decimal integer) 

Or %f float (real number) 

Or %c single character 

Or %s string 

And The character ‘\n’ at the end of the string is a special character called the  newline 

character. 

3= ‘ string or message’ or arithmetic expression or variable name. 

For example, 

1. >> fprintf('The value is %d\n',4^3) 

The value is 64 

>> 



MATLAB Programming Lectures                                                                                                 By: Sarah Hussein 

13 | P a g e  
 

 

2. >>fprintf(‘x=%f\n’,x) 

 

X= 

5 

 

QUICK QUESTION! 

What do you think would happen if the newline character is omitted from the end of 

an fprintf statement? 

Answer 
Without it, the next prompt would end up on the same line as the output.  

>> fprintf('The value is %d, surely!',4^3) 

The value is 64, surely!>>  

 

 

Note: In the disp function, the prompt will always appear on the next line: 

>> disp('Hi') 

Hi 

>> 

Also, note that an ellipsis can be used after a string but not in the middle. 

 

QUICK QUESTION! 

How can you get a blank line in the output? 

Answer 
Have two newline characters in a row. 

>> fprintf('The value is %d,\n\nOK!\n',4^3) 

The value is 64, 

OK! 

 

Note:  that the newline character can also be used in the prompt in the input statement; 

for example: 

>> x = input('Enter the \nx coordinate: '); 

Enter the 
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x coordinate: 4 

 

To print two values,  

>> fprintf('The int is %d and the char is %c\n', 33 - 2, 'x') 

The int is 31 and the char is x 

Also fprintf can specifies how many characters total are to be used in printing. For example, 

%5d would indicate a field width of 5 for printing an integer and %10s would indicate a field 

width of 10 for a string. For floats, the number of decimal places can also be specified; for 

example, %6.2f means a field width of 6 (including the decimal point and the two decimal 

places) with 2 decimal places. For floats, just the number of decimal places can also be 

specified; for example, %.3f indicates 3 decimal places, regardless of the field width. 

>> fprintf('The int is %3d and the float is %6.2f\n', 5, 4.9) 

The int is 5 and the float is 4.90 

 

Example1: write a program by MATLAB to find the area of circle: 

Solution: 

Radius=input(‘ Enter radius value:’); 

Area=Radius^2*pi; 

fprintf(‘ area=%f\n’,Area) 

 

Example2: The distance between two points and on a Cartesian coordinate plane is 

given by the equation 

  

Write a program to calculate the distance between any two points(x1,y1) and (x2,y2) 

specified by the user. 

Solution: 

X1=input(‘ Enter the value of X1:’); 

X2=input(‘ Enter the value of X2:’); 
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Y1=input(‘ Enter the value of Y1:’); 

Y2=input(‘ Enter the value of Y2:’); 

 

D=sqrt((X1-X2)^2+(Y1-Y2)^2); 

fprintf(‘ distance=%f\n’, D) 
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Lecture 3: Selection Statements 

3.1 The If Statement 

The general form of the if statement is: 

if condition 

       action 

end 

A condition is a relational expression that is conceptually, or logically, true or false. The 

action is a statement, or a group of statements, that will be executed if the condition is true. 

 

Example1: write a script to input a number and print its sqrt? 

sqrtifexamp.m 

 

num = input('Please enter a number: '); 

if num < 0 

             num = 0; 

end 

fprintf('The sqrt of %.1f is %.1f\n',num, sqrt(num)) 

 

Here are two examples of running this script: 

>> sqrtifexamp 

Please enter a number: -4.2 

The sqrt of 0.0 is 0.0 

>> sqrtifexamp 

Please enter a number: 1.44 

The sqrt of 1.4 is 1.2 
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3.2 The If-Else Statement 

The if-else statement is used to choose between two statements or sets of statements. The 

general form is: 

if condition 

     action1 

else 

     action2 

end 

First, the condition is evaluated. If it is true, then the set of statements designated as “action1” 

is executed, and that is the end of the if-else statement. If, instead, the condition is false, the 

second set of statements designated as  “action2” is executed, and that is the end of the if-else 

statement. 

 

3.3 The elseif Clause 

The general form is: 

if condition1 

        action1 

elseif condition2 

         action2 

elseif condition3 

            action3 

% etc: there can be many of these 

else 

         actionn % the nth action 

end 

 

Example2:  write a program to compute  y , where: 

y = 1 if x < -1 

y = x2 if -1 _ x _ 2 
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y = 4 if x > 2 

Solution: 

x=input(‘Enter X’) 

if x < -1 

          y = 1; 

elseif x >= -1 && x <=2 

          y = x^2; 

else 

          y = 4; 

end 
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Lecture 4: Loop Statements 

There are two different loop statements in MATLAB: the for statement and the while 

statement. The for statement is used as the counted loop, and the while is usually used as the 

conditional loop. 

4.1 The For Loop 

The for statement, or the for loop is a loop that repeats statements a specified number 

of times. The general form of the for loop is: 

 

for loopvar = range or( first: step: last) 

action 

end 

 

 

Example1: write a program to print numbers from 1 to 5 

  

>> for i = 1:5 

            fprintf('%d\n',i) 

      end 

 

 

Example2: write a program to print even numbers from 1 to 200? 

 

>> for i = 2:2:200 

fprintf('%3d\n',i) 

end 

 
 
 

Example3: write a script to input 10 integer numbers then find the sum of them? 
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s=0; 

for i=1:10 

  n=input( ‘Enter no.:’); 

s=s+n 

end 

fprintf(‘sum=%d\n’, s) 

  

                                       

4.2 Nested For Loops 

The general form of a nested for loop is as follows: 

 

for loopvarone = rangeone ) ……….outer loop 

% actionone includes the inner loop 

for loopvartwo = rangetwo ) ………..inner loop 

actiontwo 

end 

end 

 

Example4:  Write a script to print a box of stars? 

                                                 printstars.m 

rows = 3; 

columns = 5; 

for i=1:rows 

for j=1:columns 

fprintf('*') 

end 

fprintf('\n') 

end 

Executing the script displays the output: 

>> printstars 

***** 
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***** 

***** 

H.W: How could the above script be modified to print a triangle of stars instead of a box 

such as the following: 

 

 

 

* 

** 

*** 

 

4.3 While Loops 
The while statement is used as the conditional loop in MATLAB. The general form of 

the while statement is: 

while condition 

action 

end 

The action, which consists of any number of statement(s), is executed as long as the condition 

is true. 

 

 

Example5:   write a script to input and print number until the user enters a negative 

number? 

                                                     whileposnum.m 

inputnum=input('Enter a positive number: '); 

while inputnum >= 0 

fprintf('You entered a %d.\n\n',inputnum) 

inputnum = input('Enter a positive number: '); 
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end 

fprintf('OK!\n') 

 

When the script is executed, the input/output might look like this: 

>> whileposnum 

Enter a positive number: 6 

 

You entered a 6. 

Enter a positive number: -2 

OK! 

 

 

Example6: How could the above script be modified to count positive numbers? 

 

countposnum.m 

counter=0; 

inputnum=input('Enter a positive number: '); 

while inputnum >= 0 

fprintf('You entered a %d.\n\n',inputnum) 

counter = counter + 1; 

inputnum = input('Enter a positive number: '); 

end 

fprintf('Thanks, you entered %d positive numbers.\n',counter) 

 

 

>> countposnum 

Enter a positive number: 4 

You entered a 4. 

Enter a positive number: 11 

You entered a 11. 
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Enter a positive number: -4 

Thanks, you entered 2 positive numbers. 
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Lecture 5: Vectors and Matrices 

5.1 Vectors and Matrices 
The name MATLAB is short for matrix laboratory. As MATLAB is written to work 

with matrices. A vector in MATLAB is equivalent to what is called a one-dimensional array 

in other languages. A matrix is equivalent to a two-dimensional array. 

 

 A matrix can be visualized as a table of values. The dimensions of a matrix are 

r x c, where r is the number of rows and c is the number of columns. 

 

 A vector can be either a row vector or a column vector. If a vector has n 

elements, a row vector would have the dimensions 1 x n and a column vector 

would have the dimensions n x 1. 

 

Here are some diagrams showing, from left to right, a column vector, a row vector, 

and a matrix: 

 

5.1.1 Creating Row Vectors 
There are several ways to create row vector variables: 

1. The most direct way is to put the values that you want in the vector in square 

brackets, separated by either spaces or commas. For example: 

>> v1 = [1 2 3 4] 

V1 = 

1  2  3  4 

>> v2 = [5,6,7,8] 

V2 = 

5  6  7  8 
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2. By using existing variables: 

>> newvec = [v1 v2] 

newvec = 

1  2  3  4  5  6  7  8 

 

3. By using the Colon Operator: 

>> vec = 1:5 

vec = 

1  2  3  4  5 

With the colon operator, a step value can also be specified by using another colon, in the 

form (first:step:last). For example, to create a vector with all integers from 1 to 9 in steps of 

2: 

>> nv = 1:2:9 

nv = 

1 3 5 7 9 

 
 
 

QUICK QUESTION!:How can you use the colon operator to generate the vector v=9 7 5 3 1 
 

Answer:   9:-2:1 
 

U 

4. By using the linspace function  

linspace(x,y,n)  creates a vector with n values in the inclusive range from x to y. If n 

is omitted, the default is 100 points. For example, the following creates a vector with five 

values linearly spaced between 3 and 15, including the 3 and 15: 

>> ls = linspace(3,15,5) 

ls = 

3  6  9  12  15 
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5.1.2 Referring to and Modifying Elements 

The elements in a vector are numbered sequentially; each element number is called the 

index. In MATLAB, the indices start at 1. 

 For example: 

 

>> newvec(5) 

ans = 

9 

 

>> b = newvec(4:6) 

b = 

7   9   3 

 

>> newvec([1 10 5]) 

ans = 

1  15  9 

The value stored in a vector element can be changed by specifying the index. 

>> b(2) = 11 

b = 

7  11  3 

By referring to an index that does not yet exist, a vector can also be extended. 

>> rv = [3 55 11] 

rv = 

3  55  11 

>> rv(4) = 2 
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rv = 

3  55  11  2 

 

 

If there is a gap between the end of the vector and the specified element, 0s are filled in. For 

example, the following extends the variable rv again: 

>> rv(6) = 13 

rv = 

3  55  11  2  0  13 

 

5.1.3 Creating Column Vectors 

One way to create a column vector is to explicitly put the values in square brackets, 

separated by semicolons (rather than commas or spaces): 

>> c = [1; 2; 3; 4] 

c = 

1 

2 

3 

4 

 However, any row vector created using any method can be transposed to result in a 

column vector. In general, the transpose of a matrix is a new matrix in which the rows and 

columns are interchanged. In MATLAB, the apostrophe is built in as the transpose operator. 

For example: 

>> r = 1:3; 

>> c = r' 

c = 

1 

2 

3 
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5.1.4 Creating Matrix Variables 

Creating a matrix variable is simply a generalization of creating row and column vector 

variables.  

 The values within a row are separated by either spaces or commas, and the 

different rows are separated by semicolons. For example: 

>> mat = [4 3 1; 2 5 6] 

mat = 

4  3  1 

2  5  6 

There must always be the same number of values in each row.  

 

 Iterators can be used for the values in the rows using the colon operator. For 

example: 

>> mat = [2:4; 3:5] 

mat = 

2  3  4 

3   4  5 

 Matrices of random numbers can be created using the rand function. If a single 

value n is passed to rand, an n x n matrix will be created, or passing two arguments 

will specify the number of rows and columns: 

>> rand(2) 

ans = 

0.2311   0.4860 

0.6068   0.8913 

>> rand(1,3) 

ans = 

0.7621   0.4565  0.0185 
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 Matrices of random integers can be generated using randi; after the range is passed, 

the dimensions of the matrix are passed. 

>> randi([5, 10], 2) 

ans = 

8  10 

9  5 

>> randi([10, 30], 2, 3) 

ans = 

19  0  13 

19    17  26 

 

Note: that the range can be specified for randi, but not for rand. 

 

 MATLAB also has several functions that create special matrices. For example, the 

zeros function creates a matrix of all zeros and the ones function creates a matrix of all ones.  

>> zeros(3) 

ans = 

0  0  0 

0  0  0 

0  0  0 

 

>> ones(2,4) 

ans = 

1   1  1  1 

1  1  1 1 
 

QUICK QUESTION: There is no tens function to create a matrix of all tens, so how could 

we accomplish that? 
ANSWER: 

either use the ones function and multiply by ten, or the zeros function and add ten: 

>> ones(1,5) * 10 

ans = 

10  10  10  10  10 

 Or >> zeros(2) + 10 

ans = 

10  10 
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           10   10 

 

5.1.5 Referring to and Modifying Matrix Elements 

To refer to matrix elements, the row and then the column indexes are given in 

parentheses (always the row first and then the column). For example: 

 

>> mat = [2:4; 3:5] 

mat = 

2   3  4 

3  4  5 

>> mat(2,3) 

ans = 

5 

It is also possible to refer to a subset of a matrix. For example, this refers to the first 

and second rows, second and third columns: 

>> mat(1:2,2:3) 

ans = 

3   4 

4   5 

Using just one colon for the row index means all rows, regardless of how many, and 

using a colon for the column index  means all columns. 

For example, this refers to all columns within the first row or, in other words, the entire first 

row: 

>> mat(1,:) 

ans = 

2 3 4 

This refers to the entire second column: 

>> mat(:, 2) 

ans = 

3 
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4 

An individual element in a matrix can be modified by assigning a new value to it. 

>> mat = [2:4; 3:5]; 

>> mat(1,2) = 11 

mat = 

2   11  4 

3   4  5 

An entire row or column could also be changed. For example, the following replaces the 

entire second row with values from a vector obtained using the colon operator. 

 

>> mat(2,:) = 5:7 

mat = 

2   11  4 

5   6    7 

 

>> mat(:,4) = [9  2]' 

mat = 

2   11  4  9 

5  6  7  2 

Just as we saw with vectors, if there is a gap between the current matrix and the row or 

column being added, MATLAB will fill in with zeros. 

>> mat(4,:) = 2:2:8 

mat = 

2  11  4  9 

5  6  7  2 

0  0  0  0 

2   4  6  8 
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5.1.6 Changing Dimensions 
MATLAB has several built-in functions that change the dimensions or configuration 

of matrices, including: 

 reshape: The reshape function changes the dimensions of a matrix. 

>> mat = randi(100, 3, 4) 

14  61  2  94 

21  28  75  47 

20 20  45  42 

>> reshape(mat,2,6) 

ans = 

14  20  28  2  45  47 

20   61   20  75  94  42 

 

 Fliplr: The fliplr function “flips” the matrix from left to right. 

>> mat 

mat = 

14  61  2  94 

21  28  75  47 

20  20  45  42 

>> fliplr(mat) 

ans = 

94  2    61  14 

47  75  28  21 

42  45  20  20 

  

 Flipud: the flipud function flips up to down. 

>> mat 

mat = 

14  61  2  94 

21  28  75  47 
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20  20  45  42 

>> flipud(mat) 

ans = 

20  20  45  42 

21  28  75  47 

14  61  2  94 

 rot90: The rot90 function rotates the matrix counterclockwise 90 

degrees. 

 

>> mat 

mat = 

14  61  2  94 

21  28  75  47 

20  20  45  42 

>> rot90(mat) 

ans = 

94  47  42 

2   75  45 

61  28  20 

 14  21  20 

 Repmat: The function repmat can be used to create a matrix; repmat(mat,m,n) 

creates a larger matrix that consists of an m x n matrix of copies of mat.  

>> intmat = randi(100,2) 

intmat = 

50  34 

96  59 

>> repmat(intmat,3,2) 

ans = 

50  34  50  34 
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96  59  96  59 

50  34  50  34 

96  59  96  59 

50  34  50  34 

96  59  96  59 

 

There are a number of functions that are written specifically to operate on vectors or 

on columns of matrices; these include : 

- The function min will return the minimum value from a vector. 

- the function max will return the maximum value. 

- The function sum will sum all of the elements in a vector. 

- The functions cumsum and cumprod return the cumulative sum or cumulative 

product, respectively. A cumulative, or running sum, stores the sum so far at each 

step as it adds the elements from the vector. For example, for vec1, it would store 

the first element, 1, then 3 (1+2), then 6 (1+2+3), then 10 (1+2+3+4), then, finally, 

15 (1+2+3+4+5).  

 

For example, assume that we have the following vector variables: 

>> vec1 = 1:5; 

>> vec2 = [3 5 8 2]; 

>> min(vec1) 

ans = 

1 

>> max(vec2) 

ans = 

8 

>> sum(vec1) 

ans = 

15 

>> cumsum(vec1) 
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ans = 

1   3  6  10  15 

>> cumprod(vec1) 

ans = 

1  2  6  24  120 

For matrices, all of these functions operate on every individual column. If a matrix has 

dimensions r x c, the result for the min, max, sum, and prod functions will be a 1 x c row 

vector, as they return the minimum, maximum, sum, or product, respectively, for every 

column. For example, assume the following matrix: 

>> mat = randi([1 20], 3, 5) 

mat = 

3  16  1  14  8 

9  20  17  16  14 

19  14  19  15    4 

The following are the results for the max and sum functions: 

>> max(mat) 

ans = 

19  20  19  16  14 

>> sum(mat) 

ans = 

31  50  37  45  26 

 

To find a function for every row, instead of every column, one method would be to 

transpose the matrix. 

>> max(mat') 

ans = 

16  20  19 

>> sum(mat') 

ans = 

42  76  71 
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For the cumsum and cumprod functions, again they return the cumulative sum or product of 

every column. The resulting matrix will have the same dimensions as the input matrix: 

>> mat 

mat = 

3  16  1  14    8 

9  20  17  16  14 

19  14  19  15     4 

 

>> cumsum(mat) 

ans = 

3  16  1  14        8 

12  36  18  30  22 

31  50  37  45 26 

 

 

5.1.5 Empty Vectors 
An empty vector (a vector that stores no values) can be created using empty 

square brackets, example: 

>> evec = [ ] 

evec = 

[ ] 

>> vec = 4:8 

vec = 

4   5  6  7  8 

>> vec(3) = [ ] 

vec = 

4   5  7  8 

>> vec = 3:10 

vec = 

3   4  5  6  7  8  9  10 

>> vec(2:4) = [ ] 

vec =3   7  8  9  10 
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5.3 Array Operations 
Numerical operations(+, -, *, /, .^) can be done on entire vectors or matrices. For 

example, 

>> v = [3 7 2 1]; 

>> v = v*3 

v = 

9   21  6  3 

 

>> v .^ 2 

ans = 

9   49  4  1 

 

>> mat = [4:6; 3:-1:1]; 

>> mat * 2 

ans = 

8   10  12 

6   4  2 

 

 

>> v1 = 2:5; 

>> v2 = [33 11 5 1]; 

>> v1 + v2 

ans = 

35  14  9  6 

 

>> mata = [5:8; 9:-2:3]; 

>> matb = reshape(1:8,2,4); 

>> mata - matb 

ans = 

4   3  2  1 

7   3  -1  -5 
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Lecture 6: Graphs 

6.1 2-D graphs 

Graphs (in 2-D) are drawn with the plot statements: 

 plot(y): plots the columns of Y versus the index of each value. For example, plot 20 

random numbers against the integers 1–20. 

>> plot(rand(1, 20)) 
 

 

                   

 plot(X,Y)  : plots vector Y versus vector X. 

>>x = 0:1:10; 

>>y = x.^2 - 10.*x + 15; 

>>plot(x,y) 
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Titles and axis labels can be added to a plot with the title, xlabel, and ylabel functions. 

Each function is called with a string containing the title or label to be applied to the plot. Grid 

lines can be added or removed from the plot with the grid command: grid on turns on grid 

lines, and grid off turns off grid lines. For example, the following statements generate a plot 

of the function with titles, labels, and gridlines.  

x = 0:1:10; 

y = x.^2 - 10.*x + 15; 

plot(x,y);  

title ('Plot of y = x.^2 - 10.*x + 15'); 

xlabel ('x'); 

ylabel ('y'); 

grid on; 

 

6.1.1 Line Color, Line Style and Marker Style 

MATLAB allows an engineer to select the color of a line to be plotted, the style 

of the line to be plotted, and the type of marker to be used for data points on the line. These 

traits may be selected using an attribute character string after the x and y vectors in the plot 

function. 

Plot(x,y,’abc’) when a=line color, b= symbol of data points and c= line type. 

The possible colors are: 

b    blue 

c  cyan 

g   green 
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k  black 

m  magenta 

r  red 

w  white 

y  yellow 

Either the single character listed above or the full name of the color can be used in the string 

to specify the color. The plot symbols, or markers, that can be used are: 

o  circle 

d  diamond 

h  hexagram 

p  pentagram 

+  plus 

.  point 

s  square 

*  star 

v  down triangle 

<  left triangle 

>  right triangle 

^  up triangle 

x  x-mark 

Line types can also be specified by the following: 

--  dashed 

-.  dash dot 

:  dotted 

-  solid 

If no line type is specified, a solid line is drawn between the points. 

 

Example: Plot of the function y=x2-10x+15, 0<=x<=10  with a dashed red line and show the 

actual data points as blue circles. 

>>x = 0:1:10; 
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>>y = x.^2 - 10.*x + 15; 

>>plot(x,y,'r--',x,y,'bo') 

 

 

 

 

6.1.2 Simple Related Plot Functions 

Other functions that are useful in customizing plots include clf, figure, hold and 

legend. 

clf : clears the Figure Window by removing everything from it. 

figure: creates a new, empty Figure Window when called without any arguments. Calling it 

as figure(n) where n is an integer is a way of creating and maintaining multiple Figure 

Windows, and of referring to each individually. 

legend: displays strings passed to it in a legend box in the Figure Window in order of the 

plots in the Figure Window. 

 

Example: Write a script to create 2 different plots, in 2 different Figure Windows where  

X=1 2 3 4 5 

Y1=2 11 6 9 3 

Y2= 4 5 8 6 2 
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clf 

x = 1:5;  

y1 = [2 11 6 9 3]; 

y2 = [4 5 8 6 2]; 

figure(1); 

bar(x,y1); 

figure(2); 

plot(x,y2) 

grid on 

legend('y2') 

Running this script will produce two separate Figure Windows. 

 

 

6.1.3 Multiple Plots: 

6.1.3.1 Multiple Plots on the Same Axes 

plot(X1,Y1,...,Xn,Yn): plot multiple functions on the same graph by simply 

including more than one set of (x,y) values in the plot function. 
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 For example, suppose that we wanted to plot the function and its derivative on the 

same plot. 

The derivative of is  

 

To plot both functions on the same axes, we must generate a set of x values and the 

corresponding y values for each function. Then to plot the functions, we would simply list 

both sets of (x, y) values in the plot function as follows. 

 

 x = 0:pi/100:2*pi; 

y1 = sin(2*x); 

y2 = 2*cos(2*x); 

plot(x,y1,x,y2); 

 

6.1.3.2 Multiple plots in a figure: subplot 

subplot(m, n, p), which creates a matrix of plots in the current Figure Window, it 

divides the figure window into m×n small sets of axes, and selects the pth set for the current 

plot (numbered by row from the left of the top row). 
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Example:    By using subplot, wrte a script to show plot types to year and pop 

Where year=2013:2017 and pop= 0.9 1.4 1.7 1.3 1.8 

                             

Solution:                                           subplottypes.m 

year = 2013:2017; 

pop = [0.9 1.4 1.7 1.3 1.8]; 

subplot(2,2,1) 

plot(year,pop) 

title('plot') 

xlabel('Year') 

ylabel('Population (mil)') 

subplot(2,2,2) 

bar(year,pop) 

title('bar') 

xlabel('Year') 

ylabel('Population (mil)') 

subplot(2,2,3) 

area(year,pop) 

title('area') 

xlabel('Year') 

ylabel('Population (mil)') 

subplot(2,2,4) 

stem(year,pop) 

title('stem') 

xlabel('Year') 

ylabel('Population (mil)') 
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6.2 3D Graph 

The meshgrid function can specify the x and y coordinates of points in images, or can 

be used to calculate functions on two variables x and y. It receives as input arguments 

two vectors, and returns as output arguments two matrices that specify separately 

x and y values. 

 

 For example, the x and y coordinates of a 2 x 3 image would be specified by the 

coordinates: 

(1,1) (2,1) (3,1) 

(1,2) (2,2) (3,2) 

The matrices that separately specify the coordinates are created by the meshgrid 

function, where x iterates from 1 to 3 and y iterates from 1 to 2: 

>> [x y] = meshgrid(1:3,1:2) 

x = 

1   2  3 

1   2  3 
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y = 

1   1  1 

2  2  2 

As another example, to evaluate a function f of two variables x and y:  

f(x,y) = 2*x + y, where x ranges from 1 to 4 and y ranges from 1 to 3.  

We can accomplish this by creating x and y matrices using meshgrid, and then the 

expression to calculate f uses scalar multiplication and array addition. 

>> [x y] = meshgrid(1:4,1:3) 

x = 

1 2 3 4 

1 2 3 4 

1 2 3 4 

y = 

1 1 1 1 

2 2 2 2 

3 3 3 3 

>> f = 2*x + y 

f = 

3 5 7 9 

4 6 8 10 

5 7 9 11 

For 3-D graphics, the most commonly used commands are: 

plot3(x1, y1, z1) 

mesh(x,y,z)   

surf(x,y,z)Example 3 : Plot z = sin(r)=r with r = px2 + y2, �8 _ x _ 8, �8 _ y  _ 8. 
Example 3:  
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Example1:Plot x,y,z where, x=1,2,3,4,5,  y=0 -2 4 11 3, z= 2 4 6 8 10 

>> x = 1:5;  

y = [0 -2 4 11 3]; 

z = 2:2:10; 

plot3(x,y,z); 

grid; 

xlabel('x'); 

ylabel('y'); 

zlabel('z'); 

title('3D Plot') 

 

Example 2: Plot st,ct,t  where st=sin(t), ct=cos(t), 0>=t <= 10π with π/50 increment 

>>t = 0:pi/50:10*pi; 

st = sin(t); 

ct = cos(t); 

plot3(st,ct,t) 
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Example: Plot z= sin( r )/ r, where r= √𝑥2 + 𝑦2 , -8>= x>=8 , -8 >= y >= 8 with 0.5 

increment. 

By using mesh: 

x = -8: .5: 8; 

y = x; 

[x y]=meshgrid(x,y); 

R = sqrt(x.^2 + y.^2) ;  

Z = sin(R)./R; 

mesh(x, y, Z)  

 

 

 

 

By using surf: 

x = -8: .5: 8; 

y = x; 

[x y]=meshgrid(x,y); 

R = sqrt(x.^2 + y.^2) ;  

Z = sin(R)./R; 

surf(x, y, Z)  
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Lecture 7: Functions 

A function is a group of statements that together perform a task. In MATLAB, functions are 

defined in separate files. The name of the file and of the function should be the same. 

Functions can accept more than one input arguments and may return more than one output 

arguments. The general form of a function definition 

FucName.m 

function [out1,out2, ..., outN] = FucName(in1,in2,in3, ..., inN) 

 

   ----------- 

   ----------- 

end 

 

For example, the following is a function called calcarea that calculates and returns the area 

of a circle; it is stored in a file called calcarea.m. 

 

Write a function to calculate and return the area of a circle: 

calcarea.m 

function area = calcarea(rad) 

area = pi * rad * rad; 

end 

Format of display: 

>> type calcarea 

function area = calcarea(rad) 

       area = pi * rad * rad; 

end 

Format of call: 

1. By using command window 
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>> calcarea(4) 

ans = 50.2655 

2. By using script: 

circleCallFn.m 

% This script calculates the area of a circle 

radius = input('Please enter the radius: '); 

area = calcarea(radius); 

fprintf('For a circle with a radius of %.2f,',radius) 

fprintf(' the area is %.2f\n',area) 

Running this will produce the following: 

>> circleCallFn 

Please enter the radius: 5 

For a circle with a radius of 5.00, the area is 78.54 

 

Example: write a Function to calculate the maximum of the five numbers given as input: 

function max = mymax(n1, n2, n3, n4, n5) 

max =  n1; 

if(n2 > max) 

    max = n2; 

end 

if(n3 > max) 

   max = n3; 

end 

if(n4 > max) 

    max = n4; 
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end 

if(n5 > max) 

    max = n5; 

end 

 


