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Lecture 4 – Introduction to MATLAB Environment

Objectives: To explore the MATLAB Environment and practice some basic commands.

MATLAB is a handy and powerful tool that will be an invaluable companion throughout your engineering journey. By using MATLAB, you can focus more on solving engineering problems and less on the complexities of coding. In this lecture, we will explore the MATLAB environment and some basic commands and functions to understand some of MATLAB’s potential as we learn how to use it to solve engineering problems.

4.1 What is MATLAB?
MATLAB stands for MATrix LABoratory and is a commercial software application written by MathWorks, Inc. When you first use MATLAB, you can think of it as a glorified calculator, allowing you to perform engineering calculations and plot data. However, MATLAB is more than an advanced scientific calculator. For example, MATLAB's sophisticated and interactive environment is designed for numerical and scientific computing that allows us to manipulate and analyze data, simulate engineering systems, create visualizations of our data, and document and share our code with others.

4.2 Why use MATLAB?
MATLAB has become a de facto standard in many fields of engineering and science. Even a casual exploration of MATLAB should unveil its computational power; however, a closer look at MATLAB's graphics and data analysis tools and interaction with other applications and programming languages prove why MATLAB is a very strong application for technical computing.

MATLAB is easy to use to learn programming skills. It is platform-independent (meaning it can run on PC, MAC, and Linux), has a huge library of predefined functions that makes it more efficient to complete programming tasks, has device-independent plotting that allows it to generate plots on any graphical output device, and has its own compiler, which makes its programs device-independent.

The standard MATLAB installation includes graphics features to visualize engineering and scientific data in 2-D and 3-D plots. We can interactively build graphs and generate MATLAB command output that can be saved for future use. The saved instructions can be called again with different data sets to build new plots. The plots created with MATLAB can be exported in various file formats (e.g., .jpg, .png) to embed in Microsoft Word documents or PowerPoint slideshows.

MATLAB also contains interactive tools for exploring and analyzing data. For example, we can visualize data with one of the many plotting routines, zoom in to plots to take measurements, perform statistical calculations, fit curves to data, and evaluate the obtained expression for a desired value.

MATLAB interacts with other applications (e.g., Microsoft Excel) and can be called from C code, C++, or Fortran programming language.
4.3 The MATLAB Desktop
When you start MATLAB, the first main window it displays is called the MATLAB desktop. The desktop is a set of tools (graphical user interfaces or GUIs) for managing files, variables, and applications associated with MATLAB. The first time you start MATLAB, the desktop appears with the default layout, as shown in the following illustration. At times, the default layout may not show the Command History window. If that is the case, see the instructions under the Command History section below to see who can make it visible. 

Overall, we will observe the following major tools in the MATLAB desktop:
1. Command Window
2. Command History Window
3. Workspace Window
4. Path Browser & Current Folder Window
5. Tool strip and Toolbar (with access to help browser features)
6. Editor Window
7. Figure Window
Command History Window
Displays previous used commands
Matlab Desktop Window
Current Directory/
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Workspace Browser
lists variables in memory
Command Window
To type MATLAB Commands
Current Folder Window
Shows all files in current folder
Help Browser
Documentation search in MATLAB

Figure 4.1: The MATLAB Desktop

4.3.1 Command Window
The Command Window is where we execute MATLAB commands. We enter statements at the Command Window prompt (>>), and they are executed instantaneously, providing us with immediate feedback. For example, we can define a variable A with a value of 3 and a variable B with a value of 5, compute A+B, and put the result in variable C. 
[image: Picture showing basic definitions in the command window such as A=3, B=5, etc.]
Figure 4.2: The Command Window

4.3.2 Command History Window
The Command History is a log of the commands we have executed in the command window. If the command History window is not displayed in the MATLAB desktop window, it can be included as follows. In the Home Tab, select Layout, Select Command History, and choose the Docked option. 

[image: Visual illustration of how to access the command history window by going to the "Home" Tab, select "Layout", Select "Command History", and choose the "Docked" option. ]
Figure 4.3: How to access the command history Window

4.3.3 Workspace Window
The workspace displays variables and their values currently in memory during a MATLAB session. To open the Workspace browser (if it is not already in your MATLAB Desktop Window), click the Home Tab, select Layout, and select Workspace.
[image: Visual illustration of how to access the workspace window by going to the "Home" Tab, select "Layout", and Select "Workspace".]
Figure 4.4: How to access the workspace window

You may also type at the Command Window prompt as follows.
» workspace

[image: Visual illustration of workspace window which is part of the MATLAB Desktop window.]
Figure 4.5:  Workspace Window

The information in the workspace window can also be retrieved using the whos command at the command prompt, as shown below.

[image: Visual illustration of how the "whos" command works in the command window]
Figure 4.6: Command “whos” to see variables in memory (workspace)
If the value of a variable needs to be seen in the command window, the disp( ) function can be used. For example, the x variable in the previous example can be observed by writing disp(x) in the command window.

[image: Visual illustration of how the "disp" command works in the command window]
Figure 4.7: Demo of the command disp( ) to display the value of variable x from the workspace

4.3.4 Current Directory Path Browser & Current Folder
The Current Folder shows the files and directories in the current working directory. It can also help locate the path of the current folder on the computer.

[image: Visual illustration of how to observe the Current Path browser information in MATLAB desktop.]
Figure 4.8:  Current Path Browser Information.

The Current Folder is like the Finder in Mac OS X or Windows Explorer in Windows operating systems and allows us to browse through the files and folders. The Current Folder also displays details about files in your current directory and within the hierarchy of the folders it contains.

[image: Visual illustration of how the "Current Folder" window in the MATLAB desktop.]
Figure 4.9: Current Folder docked on the desktop.

4.3.5 Tool Strip
The tool strip contains global tabs: Home, Plots, and Apps. Contextual tabs become available when you need them (like MATLAB Editor, as will be seen later).

[image: Visual illustration of how the tool strip in the MATLAB Desktop that shows the three tabs: "HOME", "PLOTS" and "APPS"]
Figure 4.10:  Home, Plots and Apps Tabs in MATLAB Desktop

The HOME tab shows the basic options available in the MATLAB Desktop Environment, such as creating code in files (called script files), saving files, opening files, importing data, clearing the workspace, adjusting the layout of MATLAB desktop, etc.

[image: Visual illustration of the tool strip in MATLAB Desktop under the HOME tab]
Figure 4.11:  Tool Strip in MATLAB Desktop under the HOME tab

[image: Visual illustration of the tool strip to show how to access the "Help browser" under the "Home" tab.]
Figure 4.12:  The Help Browser button from the HOME tab to search MATLAB documentation

[image: Visual illustration close-up of the "layout" button from the "Home" tab in the Tool strip.]
Figure 4.13:  Layout button from the HOME tab to adjust the desktop layout

The PLOTS tab allows us to plot various types of graphs quickly and easily.
[image: Visual illustration of options under the "plots" tab in the tool strip. ]
Figure 4.14:  The PLOTS tab in MATLAB Desktop

The APPS tab gives quick access to interactive applications within the MATLAB environment.
[image: Visual illustration of options under the "Apps" tab in the tool strip. ]
Figure 4.15:  The APPS tab in MATLAB Desktop

4.3.6 Toolbar
The MATLAB toolbar provides on-screen buttons to access frequently used features such as save, cut, copy, paste, undo, redo, switch windows, and help.

[image: Visual illustration of options in the "Toolboar" as part of the tool strip. ]
Figure 4.16: Toolbar.

4.3.7 Editor Window
MATLAB has a feature that allows you to write the program in a script file and then run it all at one time. The program must be written in the Editor Window to do this. To view the editor window, you can select New Script from the Tool strip under the Home tab.

[image: Visual illustration of how to start a "New Script" from the "Home" tab menu in the toolstrip.]
Figure 4.17: Opening the Editor Window to Write Program

Once the Editor window opens, you can write MATLAB code in it and run it. The Editor window TAB and its options to save, and run the program are highlighted in the next figure.

[image: Visual illustration of the Editor window in MATLAB desktop along with the otpions to save and run the programs in the Editor window.]
Figure 4.18: Editor Window is shown in the center of MATLAB Desktop along with the 
EDITOR TAB and the options in it to Save and Run the MATLAB programs

To save the script file, it is important to note that it will be saved with the .m extension. Additionally, it is important to be mindful of naming your files according to the conventions listed below to make sure your program runs without issues. The following are the rules that we use when naming files in MATLAB. 

4.3.7.1  Files Names
When saving program names, you should:
1. Start the program name with an alphabet letter
2. You can only use alphabets, numbers, and underscores.
3. You cannot use any special character other than an underscore. In other words, no special characters like !, @, #, $, %, ^, &, *, etc.
4. You cannot use spaces or hyphens, either. Only underscores. 
5. Do not name your file name after a MATLAB built-in function, as that function will no longer respond when called. This is because MATLAB searches for files in the current folder before looking for them in the built-in library.

4.3.8 Figure Window
The Figure window is used to display graphical results generated when running MATLAB programs. A figure window can have a 2D- or 3D plot of data, an image, or even a Graphical User Interface (GUI). A simple MATLAB program in the editor window is illustrated below, along with the figure it generates in the figure window once the program is saved and run. 

[image: Visual illustration of a script executed to generate a plot in a Figure Window. ]
Figure 4.19: Editor Window showing the Sample Code that is Run to Generate a Figure Window

The code shown in the Editor Window can be explained as follows:

Lines 1 and 2 are illustrated in green color and have a percentage (%) sign in front of them. Those are to indicate comments in the program, and those lines are ignored by the program when it runs. The comments allow users to explain to others what they are writing in the code.

Line 3 creates a vector x starting with a value of zero, with increments of 0.1, and the final value of 2*pi [Note: In MATLAB, pi is a reserved variable with the numerical value of  used in math.]

Line 4 creates a vector y using the function sin( ) and the variable x as its input.

Line 5 uses the plot( ) function and plots the sin( ) function.

4.3.9 Keyboard shortcuts
MATLAB provides keyboard shortcuts for viewing the history of commands and listing contextual help. Consider the following three examples.
1) The up arrow key
2) The tab key
3) The semicolon symbol
4.3.9.1 The Up Arrow   Key
Suppose we want to enter the following equation:
» y=sin(45)

But we mistakenly entered
» y=sine(45)

MATLAB returns the following prompt:
Unrecognized function or variable 'sine'.

Instead of retyping the equation, press the up arrow key to display the mistakenly entered line. Using the left arrow key, move the cursor to the misspelled letter. Make the correction and press Return or Enter to execute the command.

Pressing the up arrow key repeatedly recalls the previously entered commands. Likewise, typing the first characters of a previously entered line and pressing the up arrow key displays the full command line. To execute that line, simply press the Return or Enter key.

4.3.9.2 The Tab Key
Suppose you forgot how to enter the square root command. Begin typing y=sq in the command prompt:
» y=sq

Then press the tab key and scroll down to sqrt. Select it and press Return or Enter key.
» y=sqrt

4.3.9.2 The semicolon symbol
The semicolon symbol at the end of a line suppresses the screen output. This is useful when you want to keep your command window clean.

Type the following entry and press the Return key:
» y=2+2

The following output is displayed: 
y =
      4

Now, press the up arrow key to recall our initial entry
» y=2+2

And insert a semicolon as follows:
» y=2+2;

No numerical result is displayed however MATLAB stores the value of y in the memory. We can recall the value y by simply typing y and pressing Return.
4.4 MATLAB Help Commands
MATLAB comes with the following forms of online help commands: help, doc, lookfor, and demo.

4.4.1 help
The help command is useful when searching for function names. To use this feature, you would need to know the command or function name. For example, to learn about clc command, type help clc at the command prompt:

» help clc
[image: Visual illustration of the command window with the command "help clc"]
Figure 4.20: The output of  » help clc command.

Also, try the following command:	
» help clear
[image: Visual illustration of the command window with the command "help clear"]
Figure 4.21: The output of  » help clear command.

To learn about sine function, type  help sin at the command prompt:
» help sin

4.4.2 doc
Obviously, to use help effectively, you need to know what you are looking for. It is usually difficult to ask the right questions, especially when you first start learning an application. In the case of MATLAB, the doc command is generally better than help. If you type doc in the command prompt, MATLAB opens a browser from where you can obtain help easier by using the search documentation option. Type as below in the command window.

» doc
[image: Visual illustration of the option to search documentation in MATLAB]
Figure 4.22: Built-in MATLAB Documentation.

Like using  help sin, try typing doc sin in the command prompt:
» doc sin

Another way to access the search documentation available through the doc command is through the help browser in the tool strip, as shown below.
[image: Visual illustration on how to user the "help" browser]
Figure 4.23: Built-in MATLAB Documentation access through the help browser button

4.4.3 lookfor
The lookfor command is useful for searching all MATLAB files for a specific keyword. This is especially important if you do not know if a function exists in MATLAB. The way it works is by looking for the keyword that appears after the lookfor command in the first comment line of all MATLAB files.  When using this feature, the search can be pretty large, so to break the search if you found what you are looking for, press the CTRL and C keys together to break out of the search. For example, to learn about plotting functions, type lookfor plot at the command prompt:

» lookfor plot

Note: Press Ctrl and C keys together while in the command window to break the search.
[image: Visual illustration of the result of the "lookfor" command when executing it in the command window.]
Figure 4.24: Demonstration of how to use lookfor command

4.4.4 demo
You can learn more about MATLAB through demos by typing demo in the command prompt and a list of links to demos will open in Help Browser. Demos and online seminars are available at product demos and online seminars.

» demo

[image: Visual description of the window that pops up when executing the "demo" command in the command window.]
Figure 4.25:  Built-in MATLAB Demos/Examples.

4.5 Useful Commands and Functions
For a detailed explanation and specific examples of the commands discussed, type help function at the MATLAB prompt. Below is a list of the commands we explored during this lecture.

	Command/Function
	Meaning

	clc
	Clear command window

	clear
	Clear workspace window

	who, whos
	List variables in the workspace

	workspace
	Displays the workspace browser

	doc
	To access help browser window

	help
	To search MATLAB functions using function names

	lookfor
	To search MATLAB functions using keywords

	disp
	To display information in a variable

	plot
	To plot and generate a figure window and display graphical results

	%
	Anything after the % sign is a comment



4.6 Explore Further
To explore MATLAB further on your own, you can use the MATLAB Marina website, which has videos introducing the MATLAB environment and provides reading materials and exercises to practice your skills. It also has more advanced topics as well at the website that can be explored throughout this course. 

4.7 Conclusion/Summary of Key Points
1. MATLAB is a popular technical computing application.
2. The MATLAB Desktop consists of many helpful tools such as Command Window, Command History, Workspace, Current Folder, Folder path, Editor Window,  Figure Window, and Help Browser.
3. The up/down arrow keys, the tab key, and the semicolon are convenient shortcut tools to use in the Command Window.
4. MATLAB features online help, lookfor, doc, and demo commands.
5. Various commands and functions make the MATLAB experience easier, for example, clc, clear, whos, doc, help, lookfor, disp, and plot.
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