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PREFACE


People use MATLAB in many different fields, such as the growing field of bio-informatics. There are many applications in biology, chemistry, mathematics, engineering and physics, which could benefit from scientists who can program. Given the volume of data for these applications, and the ease of use of MATLAB, this is a natural match.



WHY A BOOK ON MATLAB




This book grew out of an Introduction to MATLAB Programming class. There are other MATLAB books available, but they are often either encyclopedic or version dependent. In the first semester that I taught it, Fall 2006, I found that my students did not have the same software. The classroom had version 6.1, the main lab where students could do homework had version 6.5, while I demonstrated code on my laptop with version 7.0. Some had a student edition of the software, in either version 7.0 or the brand-new 7.2. In other words, there were at least five different versions of the software. A conversation with some students drove this point home. As I talked to a group of three people who were working on a project together, they explained that they split the work into three sets of tasks, and would work on each task one at a time. I asked why they did not work on them together, or go in a different order. Their response was that they could not go backwards, because each person in sequence had a newer version than the previous one.

Standardizing the versions available across the university (at that time) was not feasible. Copies were purchased by different departments at different times. Some even had different toolboxes available; what the math department needed was different than the computer science department. And one biologist might need to work with images, while another needs to do signal acquisition.

Another issue is the amount of material that can be covered in one ­semester. My class involves a laboratory component, meaning it emphasizes problem solving. Class time includes both lecture and the time to work on the computer, at roughly a 3 to 1 ratio. Students who have already studied a programming language pick up MATLAB quickly. In fact, several classes for computer science majors use MATLAB without requiring previous experience with it. For people who have never programmed a computer before, it takes a while before the concepts “sink in.” They need a solid foundation in the basics, with plenty of practice.

This text is meant to get across the basics of MATLAB programming to form that foundation. Chapters are meant to be stand-alone as much as possible. The first chapter covers concepts and terminology that appear again and again. It should be a quick read for people who already have programming experience, but sufficient to get everyone else up and programming.
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This book comes with companion files and supplementary materials. For example, many of the figures are available in full color. The example code, functions and programs shown in the text, images, sound, and other data files are also available. All of the full-color figures in the book can be found on the disc (or on the downloadable companion files). The files are also available from the publisher by writing to info@merclearning.com.
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CHAPTER 1

THE MATLAB ENVIRONMENT AND PROGRAMMING TERMINOLOGY


disp('helloworld!');

One of the first things a person writes in a new computing language is often a “hello world!” program. The computer responds with something that the programmer told it to do, demonstrating a small victory in control. The programmer gives the computer a command, the computer executes the command and responds with the message showing that it did it. Better yet, it has an absence of warnings and error messages. Many languages have several lines of code that must be typed exactly, even for such a simple task. Fortunately, MATLAB® does not, and the line above is all that you need.

If you are an experienced programmer, you should note that MATLAB uses single quotes to mark the beginning and ending of strings. Recent MATLAB releases allow doubles-quotes to delineate strings, also. If you are not an experienced programmer, do not worry, this book is written for everyone.

MATLAB will calculate the result of an expression that you enter, so you could use it as a calculator. Suppose that you are ordering food to be delivered to your home, and want to include a tip based on the amount of the order. If the order comes to $23.17, and you want to know how much a 15% tip is, you can type 23.17 * 15/100, where the 15/100 is literally 15 percent, i.e., 15 divided by 100. The expression 23.17 * 0.15 would work, too. Entered into a MATLAB command window, you will see the following. The >> is MATLAB’s command prompt, which it displays when it waits for you to type something.

>> 23.17 * 15/100

ans =

3.4755

The world of programming involves abstractions, where we summarize the behavior of code, then use that code as a building block. In the preceding example, we could summarize it as a 15% tip calculator for a $23.17 order, although it would be even better if we could make it work for any given order amount. This will be addressed in later material. To understand abstractions, first we need some experience, so when you see code or an equation, put your own numbers in. With example code in this text, type it in a MATLAB session at the command prompt, and see that it matches what you expect. Many of the included examples have arbitrarily chosen values. For example, what if you repeat the previous example with 15/100∗23.17? Or 10∗20/30? To understand how things work, put a number in. When experimenting with code, it does not usually matter what values you choose, since we simply desire a “concrete” example. If the number does not work, the computer may indicate that. Or it might carry out the command, and give you an unexpected result, such as when instructed to find 15/0.

>> 15/0

ans =

Inf

Some computer languages give an error when asked to divide by zero. In this case, MATLAB simply returns “infinity” as the answer.

To remember a value that we use again and again, we use a variable. A common analogy is to think of variables like post office boxes, where you can put a value in each one. To keep track of variables, perhaps when trying to figure out what a program does, write down the name and a box next to it. Inside the box, put whatever value it has. It can only have one value at a time, so erase any old value when giving it a new one. You may have noticed that MATLAB stores the answer to the last expression as the “ans” variable.

Technology changes over time. Just as you cannot imagine how your parents lived without cell phones, television, and the Internet, people 20 years from now will consider today’s latest developments crude by comparison. For us, the computer is a lightweight device that fits in a briefcase; for them, the computer may be as heavy as a credit card, although not as large, and may be carried in the wallet.


[image: Image]

FIGURE 1.1 A sketch of the MATLAB user interface. The command window is on the left.

Note: This figure and all of the full-color figures in the book can be found on the disc (or on the downloadable companion files).



As technology changes, so too do the tools we use. This document is about one such tool, used by scientists and engineers all over the world. It changes over time, as the developers add new features. Things that made users in the past say, “Why won’t this work? It should work” have been made to work. The user’s job becomes easier since the tool does more, while the necessary information about the tool increases. In a sense, the user is expected to know more!

This guide is not meant to teach you everything about this tool. Instead, the goal is to teach the fundamentals, the issues that will always be there as the tools we use come and go. You will learn everything you need to know to solve your problems. If a built-in feature will do the job, that is nice. But if no such feature exists, you should be able to program your own solution. Use what works. We will start with terminology, and build up to programming syntax: the instructions that we give to the computer, and the form that we use so that it understands what we want.

Note that this text contains examples that sometimes include the prompt >>. If you try these examples yourself, which is highly recommended, you do not type the >>. If you have an “educational” version of MATLAB, made for students, you will see EDU>> as the prompt. It is not an important difference. The examples in this text are meant to be general enough that they will work on any recent version of MATLAB.

Lines can be broken up with three periods in a row (...). You will see this occasionally in this text, mainly to make the examples fit nicely within the margins, and still have them work. There will be times when you have questions about how things work. For example, in a = 5, are the spaces around the equal sign necessary? Try it and see!



1.1ALGORITHMS




An algorithm, at least in the every-day sense of the term, means a plan to accomplish a task. It is a list of abstract steps to take, in the order given. These steps are “abstract” in the sense that they may be quite complex themselves. Formally, computer scientists describe an algorithm in terms of a Turing Machine, a simple, theoretical device that works on a tape, moving left and right, reading and replacing symbols, according to a set of states (conditions) and instructions. It can lead to an accept state, a reject state, or run forever. Loosely, a state keeps track of the step, with transitions that lead to other states, based on the input. An algorithm is a decidable process for doing something, where decidable means that it ends in the accept or reject state.

To illustrate the informal idea of an algorithm, let’s consider a set of driving directions. Suppose you have a set of instructions that say:


1.Go straight 1 mile, then take a left.

2.At the third light, take a right.

3.When you cross the railroad tracks, take a right directly after them.

4.Stop at the fifth house on your left.

5.If you see a dead-end sign, then you have gone too far. Back up about 500 feet.



Obviously, you must do these steps in order, or you will not get to the destination. Also, a human will understand what each step means, without further explanation. Humans are also great at detecting a problem. For example, what if the railroad tracks were paved over? What if we drive for a long time but never see the railroad tracks? A human would know that something is not correct, and take action (e.g., call the person who gave directions).

Algorithms are specified in an English-like way, called pseudo-code. When we write an algorithm, we are primarily concerned with getting the idea across, and we care about conforming to a machine-understandable pattern to a lesser extent. For example, what if the second line begins with a lower-case character, and the fourth line does not end in a period? While we like consistency, any human would still understand the algorithm.

A loop is when a set of directions repeat, and each repetition is called an iteration. For example, cooking instructions could say to “chop the carrots and set aside. Repeat this with the onions.” If we follow directions that say to do something several times, we might count on our fingers, or perhaps count out loud. The index keeps track of the number of iterations, where a variable stores this value. We start at one, add one to the count every time we repeat, and stop when we reach the maximum. Of course, we could start at the maximum and count down, as some people do with exercises as a motivational trick. We do not even need to count by whole numbers; imagine if you run laps on a quarter-mile track. If you plan to reach a daily goal of 5 miles, and you already ran 2.5 miles this morning, you might start with 2.5 and add 0.25 every time you get back to the starting place. That type of loop iterates for a set number of times, known in advance. Other loops repeat until a condition is met.

Pseudo-code statements are written by humans, for other humans to read. They conform to standards so that they can be directly expressed in a programming language, such as numbering each step, and contain certain keywords like for. Many computer languages have a loop structure invoked by the keyword for, although they differ in specific syntax (how the statement is expressed). Pseudo-code statements are not meant for a computer to understand directly. They are precise about the instruction sequence and control flow, and yet intentionally vague about how some things may be accomplished, such as “display the result.” Whether that result is displayed as text on a screen, printed onto paper, or shown on a high-resolution monitor, does not matter. The programmer who implements the algorithm will determine the best way to display the result with the specific computer language.



1.2PROGRAMS




A program is a list of instructions for a computer to follow. Some people confuse this with an algorithm, but the intended audience for each is different. Algorithms are for humans, while programs are primarily for computers. Programs must be much more detailed than algorithms, since they must specify what to do in a way the computer can understand, as opposed to saying things in a way that a fellow human would follow. Programs must conform to a syntax, the rules of how a programmer specifies commands to the computer. Different computer languages have different syntaxes.

Suppose that we translate the above algorithm to a program, and give it to a computer. It will do exactly what it is told to do. If it does not detect the railroad crossing, it may keep looking for it, forever. We need to test it. We need to provide commands to deal with unexpected conditions, like unused train tracks being paved over.

When we write a program, we call it source code. Most programming languages have a special program called a compiler, meaning that the program will be translated (compiled) into a form that the computer’s microprocessor (also called a central processing unit, or CPU) can use. The compiled code is specific to that computer’s type of CPU, i.e., a program compiled on a PowerPC-based Mac is incompatible with a Sun SPARC processor, as well as an Intel-based personal computer. For that matter, a program compiled on a PowerPC-based Mac is not compatible with the recent Intel-based Macs. The compiler generates an executable program that other people can use on their computers, and may even pay for. Most people mean the executable program when they say the word software. In contrast, hardware means the physical computer. To run a program means to execute it; to tell the computer that it should follow the directions specified by the program. By the way, “app” is just a trendy word for application, and it means the same thing as software, although often it is software made specifically for a mobile device.

In some companies, the executable programs are sold while the source code used to make them are carefully guarded secrets. An analogy is the recent news item from Coca-Cola: while millions of people buy Coke products every day, an employee allegedly obtained the secret formula and tried to sell it to rival Pepsi for over a million dollars [1]. Needless to say, the plot was discovered and the people involved were arrested. Similar to the way soft drink makers sell their products but do not disclose exactly how they make them, a software company may write a useful program, and sell only the executable version of it. We call this closed source. The average (home) user would not know what to do with the source code if they had it, but a programmer could examine it for errors or add features and potentially make it better. Of course, an unscrupulous programmer could change it just enough to make it appear to be their own work, then sell the executable code. Or they could find weaknesses in the code, and use them for malicious purposes, like taking over someone else’s machine.

A different approach is the open source movement, where source code is available (usually for free). An obvious question is, “How do you make money by giving something away for free?” One answer is convenience. Consider an oil-change for your car. If you have ever changed the oil in your car, it was probably not difficult, but it was a messy experience. Why bother to get dirty when you can drive to a quick-change facility and (for a reasonable fee) have someone else do it in only a few minutes? Similarly, a technical person may find the nominal cost for a CD-ROM (or other media) of software to be well worth the expense, instead of spending an evening downloading code, configuring it, compiling it, etc. Also, service is a potential area of revenue for an open-source software company, as many users will pay a yearly fee for the ability to call a technician who is very familiar with the software. Users will also pay to subscribe to automatic updates. But what if an unscrupulous person finds problems in the software that they can exploit? Of course this is a potential problem, but what the open-source community found is that many good people will spot potential problems, and updates are quickly disseminated.

Related to open-source software is the open standard. A good example of this is the portable document format (PDF), associated with the Adobe Acrobat program. While Acrobat is closed source software, the portable document format standard is an open standard; it is available on the Internet. (Actually, the portable document format standard is based on postscript, another open standard.) This means that while you are not going to have access to the source code for Acrobat, you can still write your own program to read or write portable document format files. Not all standards are open, and the use of closed standards has become an area of debate. The state of Massachusetts recently passed a law requiring state employees to use an open standard for documents, based on the idea that their citizens have a right to public information in an open format [2].

MATLAB is a product of The MathWorks, a company based in Massachusetts. MATLAB is a program that provides an environment for programming. (Take a deep breath—it is really not that complicated!) Programs written according to the MATLAB syntax are read and interpreted by the MATLAB programming environment. Or, you could say that MATLAB programs are read and executed by the MATLAB program. Since this results in confusion, we will take care to call the MATLAB program the “MATLAB programming environment” or simply “MATLAB,” and use “MATLAB program” to mean a program written in the syntax that MATLAB understands.

While it is closed source software in the sense that you are not going to have access to the source code, you will find that many MATLAB functions are available for inspection. Programs are stored in an open standard, called the “MATLAB syntax” above. MATLAB programs are text files that have “.m” for the extension. For example, you might name a program to calculate your taxes “mytaxes.m” if you wrote it in MATLAB. By the way, the Objective-C language also uses “.m” for its extension. If you click on a file with a “.m” extension, your computer may call up a different programming environment than MATLAB. See Section 2.10 for other common file extensions used in the MATLAB environment.

With MATLAB, you can interact with the command window, typing commands one by one, getting feedback, and revising the commands as needed. You might have a series of commands that you would like to save and use again later. In the command window, typing “edit” calls up MATLAB’s editor, similar to other text-processing software that you have used. From here, you can copy and paste the commands into the editor, then save it under a name ending in .m, although the editor will likely take care of that detail for you. That file is a program, also called other names like code, source-code, and script. Later, we will cover functions, although for the moment, you can tell scripts and functions apart by the function keyword. If a MATLAB file contains the word function at the start of the first line of commands, then it is a function. Otherwise, it is a script.



1.3COMPILERS AND ERRORS




The compiler translates the entire program all at once. A syntax error (similar to the missing period in the above algorithm) would stop a computer from understanding the directions. It would essentially say, “I do not understand these directions, so I cannot follow them.” It may stop trying at this point. If it keeps going, any further errors reported might be a result of the first one, so it is good practice to examine the error messages in order. Syntax errors will be fixed by the programmer. A different type of error called a logic error occurs when the program does something that the programmer did not intend. The commands may make sense individually, but not when considered together. A computer does not make judgment calls (unless we specifically tell it how to do this). It will perform each command, doing precisely what we tell it to do. But it may not do what we want it to do! We also call a logic error a bug, coming from a story about the computing pioneer Grace Hopper discovering a moth that had short-circuited a computer, causing an error.

Here is an example of a logic error. Suppose you write down the steps to calculate employees’ gross pay. Some work part-time, some work full-time. Many of them work overtime, and they are paid a “time and a half” bonus for overtime. Your instructions may look like this:


1.if the number of hours worked < 40, 
then pay=(hours worked)*(pay rate)

2.if the number of hours worked > 40, 
then pay=(hours worked)*1.5*(pay rate)



If a computer were to process those directions, many people would receive weird paychecks, perhaps even negative amounts! The instructions specify what to do when someone works less than 40 hours, and the instructions also specify what to do when someone works more than 40 hours. But these instructions say nothing about what to do when a person works exactly 40 hours. Thus, we have a logic error. Depending on the computer language, the amount stored in pay might not have been initialized, so the value there is whatever value happened to be there before. One person may receive an automatic payment of negative billions of dollars, while someone else may be credited millions.

MATLAB provides an interpreter. It works a bit differently from a compiler in that it translates line-by-line. We have an interactive environment with MATLAB: you type a command, and it performs it. It gives you immediate feedback (unless you tell it to do something very time-consuming). You can experiment until you have it just right. This iterative approach to programming means to make small changes to a program, test them out, and repeat. It allows us to build a program one step at a time. MATLAB provides a good environment for this approach, since we can enter commands one at a time, and correct them when we make mistakes.



1.4VARIABLES




A variable is a label for a piece of data. Like the name implies, a variable’s value can be changed. Variables in a computer program are similar to variables used in mathematics. A mathematician may write “Let x = 1.” Similarly, a computer programmer may write x = 1, an example of an assignment statement. It assigns the value 1 to the variable x, so the computer can substitute any future references to x with the value 1, at least until we assign another value to x. The short example below demonstrates this idea. Everything on the line after >> is the command as you would type it.

>> x = 1;

>> disp(x);

1

>> x = 5;

>> disp(x);

5

>>

If you enter these lines in the MATLAB command window, it responds with 1 the first time that it displays x, and 5 the second time, since the third command reassigns the value of x.

Variables in MATLAB are flexible. You can store a whole number, called an integer, like 1, or 14, or −937. You can store a real number, called a float (for floating point) or double (for double the precision of a float), like 1.0, or 14.6, or −937.7259. The difference in precision comes up when you need to store numbers with a wide range of values. In many computer languages, the programmer must “declare” a variable in advance, that is, specify the data type as well as the variable name, before it can be assigned a value. MATLAB allows you to assign a variable without declaring it first. The default data type for MATLAB is the double. You can also store a character, or a bunch of characters, called a string, like 'a', 'abc', or 'My address is 246 Oak Street'.

The pattern for an assignment statement is variable = expression, where the variable gives a label, like x or x1 or address. More generally, you can think of everything to the left of the equal sign as where to store the result. The expression can be as simple as a number, or something complex like a formula. Here are some examples of assignment statements.

x = 14.6;

address = 'My address is 246 Oak Street';

y = x * 7 + 5;

The last line recalls the value for x, multiplies it by 7, and adds 5. The variable y will have the value 107.2 if you type in the above three lines. Strings are started and ended with the single quote ', although now MATLAB allows double quotes, too. To have a single quote within a string, use two single quotes together, as in mystr = 'don''t have a cow';

An assignment statement differs from an equation. For example, in mathematics, the equation

x = x + 2

leads to an inconsistency, since x could be removed from both sides, resulting in 0 = 2. Clearly, this cannot be true under any circumstance. However, the statement x = x + 2 is perfectly valid as an assignment. The computer evaluates the right-hand side of it, x + 2, retrieving the current value of x, and adding 2 to it. (Note that x must already have a value, otherwise how could the computer know what x + 2 should be?) Then it stores the result in the variable given on the left-hand side, x. So x = x + 2 does not work as an equation in mathematics, but it is perfectly acceptable as an assignment in a computer language. As a counter-example, an equation like

2y = 4

is valid in mathematics, but does not work as an assignment statement since the left-hand side contains more than just a variable name. We can modify it to make it work by solving for y; that is, the statement y = 4 / 2 works.

We use variables to keep track of things. Suppose that you want to figure out how much money you made at work. You would need to know how many hours you worked, how much per hour you are paid, what percent you pay in income taxes, and any other expenses, such as pre-tax charges for parking. If you write these things down, it might looks something like this:

I worked 60 hours this month.

My pay rate is $18.75 per hour.

Income tax is 20%.

I pay $30.00 per month for parking, pre-tax.

Before taxes, my pay subtotal will be 60*18.75 - 30.00.

Taxes will be the above subtotal * 0.20 .

My pay will be subtotal - taxes.

We can re-write this information, storing everything in variables. The text below actually works as a simple program.

hoursWorked = 60;

payRate = 18.75;

taxRate = 0.20;

parking = 30;

subtotal = hoursWorked * payRate - parking;

taxes = subtotal * taxRate;

pay = subtotal - taxes;

disp(pay);

Above we see examples of assignment such as “hoursWorked = 60;”, and arithmetic like “subtotal = hoursWorked * payRate - parking;”. Notice how each line ends with a semi-colon “;”. This is not a requirement of MATLAB, but it shows a typical example of program syntax—we use the semi-colon much like we use the period in the pseudo-code (English) version. Using a semi-colon in a MATLAB command means that it will not echo back the result1. Also notice that the variable names do not contain spaces. Some do not need them, like taxes, while other variable names are two words run together, as in payRate. Spaces are not allowed in MATLAB variable names.

Characters that are allowed include all alphabetic characters, including upper-case as well as lower-case. But MATLAB is case-sensitive; to it the variable payRate is a different variable than payrate. Numbers are allowed in variable names, as long as they are not the first character. For example, tax1 and t1ax are acceptable, but 1tax is not. You can also use the underscore “_” in a variable name, again only if it is not the first character. So pay_rate would be fine, as would p_a_yRate. The names for variables can be as long as you want, but MATLAB ignores anything after the 63rd character.

Sometimes we may want to define a value once, and keep its value the same throughout. We call this a constant. Many computer languages have a way to define a constant, such that your program cannot later change it. Aside from the Constant property in the definition of a class, covered in Chapter 5, Grouping Data, MATLAB does not. Of course, you can always define a variable and simply not change it. When doing this with MATLAB, a common convention is to use all capital letters, such as FULL_TIME = 40; which defines a variable for the number of hours that a full-time employee would expect to work. Naming the variable in all capital letters like this signals to programmers that the value should not be changed. Assignments like this often appear at the top of a program, so that they can be easily altered in the future. While we do not expect a constant to change while a program runs, there may be times when we want to alter the value. For example, some companies classify an employee who works 35 hours as full-time. Defining the value only once, in all capitals, at the top of a program allows us to know that that variable should be treated as a constant.

By the way, you might forget what variables you have defined. If your MATLAB interface shows the “Workspace” window, you can view them there. Alternatively, you can use the who command to print the names of the variables currently defined.
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A similar command, whos, shows the names along with some other information.

[image: Image]

As we see in the preceding example, the size is expressed in rows and columns, the data type (class), and the amount of memory, in bytes, that the variables reserve. Occasionally, the data type can give you unexpected results, as we will see in a later chapter. You may also want to inspect the amount of memory used, especially if your program runs slowly. If you can reduce the amount of memory your program uses, it may give a faster response. Finally, you can specify the name of one or more variables with who and whos. The following example shows that we can request information about two particular variables.

[image: Image]

Can we store the returned information? Yes, the next example sets a with the result of the whos command for the variable pay.

[image: Image]

We call variable a a structure, and accessing the different pieces of data associated with a variable like this is covered in Chapter 5, Grouping Data.

As you proceed through this chapter, try out the different commands. When the command window fills up with things you have typed and the computer’s response, it will start to scroll. If you want to clear the command window, the command clc does this. At some point, you might want to start over. Typing exit or quit at the command prompt causes MATLAB to stop, and closes all windows. You can always restart it. When you do so, the previous commands will appear on the command history window, but not the computer’s responses. If you want to keep a copy of what you type as well as the response, use the diary command, as in the following example.

diary('logFromOctober3');

The diary command causes commands entered after this point, along with the responses, to be stored in a file called “logFromOctober3,” although you can call it something else, of course.

Suppose that we store a value in a variable, then realize that we want to remember more than one value. Perhaps we are trying to establish a budget, so we use gas to represent the amount we spent refueling the car, as in the following line.

gas = 23.64;

This works well at first, but at some point we will return to the gas station and buy more gas, and then have a new value for the variable. A single data point is not very telling, so it makes sense to keep both values. A simple solution is to change the name slightly, for example, the following variable assignments keep track of two values.

gas1 = 23.64;

gas2 = 35.78;

We can even find the average, as follows:

gas_average = (gas1 + gas2) / 2;

This works when we have just a few values. But what do we do for more than a few values? If you discover a box full of gas station receipts, and want to enter them, you quickly realize that this naming scheme is unworkable. Typing in the equation for the average would be a chore. When we need to store many data values, a natural solution is to use an array. The following code looks like the preceding variable assignments but it has a crucial difference: the numbers 1 and 2 are not part of the name, they are indices into a list of values.

gas(1) = 23.64;

gas(2) = 35.78;

If you write down how much you spend at the gas station in a list, you can refer to the values by their position. You might ask yourself “Why did I spend so much the seventh time?” The advantage of using an array is that the computer can reference the values more abstractly. For example, consider the following code.

x = 7;

gas(x)

Assuming that gas(7) has a value, the computer will replace the x in the line gas(x) with the index 7, then look up that value. We can use a loop, discussed later, to process all of the values in the array. Another refinement, also discussed later, is that we can store all the values in a file.

What if we want to add another value to the array, 42.13, but we are not sure how long the array is? We can use the following commands to accomplish this.

x = length(gas);

gas(x+1) = 42.13;

The first line looks up how many entries are in the array gas, and stores the result in variable x. The second line uses x+1 as an index, that is, however long the array is, plus one. It stores the number 42.13 at that location. We could shorten the lines above down to one line, as follows:

gas(length(gas)+1) = 42.13;

However, compact code is not necessarily good code, especially when it degrades readability.

In the example above, we use the function length. A function is a predefined instruction that may have parameters, such as gas in the example, and gives us one or more values when it finishes.

It is possible to give a variable (or function) a pre-defined name. We call this overloading, which can be useful in some programming languages. With MATLAB, it is generally a bad idea. As long as the new variable or function name exists, you cannot use the original (unless you use the function builtin), however, programs that you run may use the original, and have a problem with the redefined one. Consider the following example.

>> disp = 4 %     this is a bad idea

disp =

4

>> disp(disp)

Index exceeds matrix dimensions.

'disp' appears to be both a function and a variable. If this is unintentional, use 'clear disp' to remove the variable 'disp' from the workspace.

While we can set disp to a value, doing so causes problems for subsequent lines that use disp as a function.

Most programming languages will not create a variable until you specify what type it has first, that is, what kind of thing you will store in it. For example, a number like 3 is an integer, while 3.1 is a floating point number, and “3” is a character (similar to “a” or even “@”). The computer treats them differently, and stores each of them in a different manner. In fact, your computer likely uses 4 bytes to store 3, 8 bytes to store 3.1, and 1 (or 2) bytes to store “3”. The internal representations look nothing alike. In most programming languages, the programmer must specify the type to use for each variable, which says a lot about how it will be used. MATLAB, however, does its best to figure out the correct type to make a variable, and creates the variables as needed. By default, MATLAB makes variables a double type, meaning that it will be stored as a floating point number with 64 bits of precision. In other words, the number 3 would be stored as the binary equivalent of +3.0 × 20. In the case of '3', the single quotes let MATLAB know that it should not store this with the default type. By precision, we mean the number of binary digits (“bits”) used. Think of this in terms of a gas pump: the display showing how much gas you have pumped typically has 3 digits for the dollars, then 2 digits for the cents. So it has 5 decimal digits of precision.

MATLAB provides ways to change data (and variables) from one type to another, as do other languages. It is very flexible with variables, and allows the easy creation and manipulation of arrays and matrices.



1.5DATA TYPES




Values default to the double data type, meaning that the computer represents each one internally as a sign bit (0 for positive or 1 for negative), a binary significand (52 bits), and a binary exponent (11 bits), for a total of 64 bits. Just as we can write a floating point number in scientific notation, we can express a binary number, including a fractional part, in notation like +1.X × 2Y, where X and Y stand for groups of binary values. For example, the number 125.125 = 1.25125 × 102, while 1.111101001 × 20110 = 1111101.001. The binary value 1111101 means 1 × 27 + 1 × 26 + 1 × 25 + 1 × 24 + 1 × 23 + 1 × 22 + 0 × 21 + 1 × 20, which equals 125. Meanwhile, 0.001 equals 0 × 2−1 + 0 × 2−2 + 1 × 2−3, or 0.125. So we can represent a number containing a fractional part in decimal, or equivalently in binary. The data type double means that it stores a binary number containing a fractional part using a total of 64 bits.

The name “double” might sound odd. Is there a “single”? Yes, there is a single data type, that MATLAB supports, with 32 bits per value. If we double the precision that a single data type has, we get the double data type, thus the name.

MATLAB supports several other data types, and we will focus on the most popular ones. The “logical” data type stores either a one or a zero, corresponding to true or false. In fact, you can assign variables as true or false, as the following lines do.

>> a = true

a =

1

>> b = false

b =

0

These values take up a byte (8 bits) worth of memory, since anything smaller than a byte introduces more overhead than it saves. We call these Boolean values, by the way.

While we refer to values as integers, they may not be stored as integers. Consider the lines below.
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Variable c holds the value 5, yet it has the double data type. This means that the computer stores it as a floating-point value, even though all fractional bits are 0. MATLAB does provide integer data types, in fact there are several of them, according to the number of bits they use. These include int8, int16, int32, and int64. By definition, an integer must be a whole number, and it can be positive, negative, or zero. An unsigned integer allows you to store numbers twice as large, since the most significant bit represents another bit as part of the magnitude, instead of the sign. The unsigned types are uint8, int16, int32, and uint64, again distinguished primarily by the number of bits they use. Of these, uint8 comes up frequently, especially when working with image data.

The cast function allows you to convert a value of one data type to another. The following example shows that we can convert a double to an integer.

[image: Image]

Both c and d hold the value 5, although you could say that c holds the value 5.0. Variable d cannot have a fractional part. Watch what happens when we add 0.1 to each variable’s value.

>> c = c + 0.1

c =

5.1000

>> d = d + 0.1

d =

5

With the variable c, the change occurred. Variable d cannot, by definition, have a fractional part. Therefore, the attempt to add 0.1 to d failed. To make this work, we must change the value to another type. The next example does that.

>> double(d) + 0.1

ans =

5.1000

Here, we convert d to the double data type, meaning that the computer stores it as a double precision floating point number, at least for that line. It can then add 0.1 to it, and return that result. Note that this does not change the data type of d itself; we must re-assign d if we want that.



1.6A PREVIEW OF BASIC MATLAB COMMANDS




There are a few basic MATLAB commands that we will use repeatedly, and this section provides a preview. The following chapter gives more details, along with usage examples. First, we have the assignment statement, which uses an equal sign (=). Whatever appears on the right side of the equal sign will be evaluated, then stored in the variable that appears on the left side. We can include arithmetic or logical operations on the right side.

MATLAB allows you to work with a list of numbers (an array, also called a vector), just like you would with a single number (a scalar). In fact, you work with matrices of values often as easily as you can work with scalars. We also use the word element to mean a value of an array or matrix.

Arithmetic operations include the familiar addition, subtraction, multiplication, and division. Logic operations include comparisons, such as greater than or equal to, less than, equal, not equal, etc. We use two equal signs (==) to test for equality. Additionally, we can also specify complex logic operations with and, not, and or.

Programming languages provide a way to do conditional flow, typically with an if statement. We saw this with the driving directions above; if you see a dead-end sign... Except for simple examples, programs need a way to deviate from doing some steps. In MATLAB, we accomplish this through the if .. else .. end blocks. A block is a group of programming lines that the computer executes in sequence. The keyword if starts the block and the keyword else or end finishes the block. The if statement precedes a condition, an expression that may (or may not) evaluate to true. Often, a comparison will be tested, such as (a < 3). When the condition evaluates to true, the block under the if will be executed. But when the condition is not met, the else block will execute instead, when one is specified.

The switch .. case .. end statements provide another way to do conditional flow. Sometimes when programming, we have several possible things to do based upon a variable. For example, we might prompt the user for input, such as “should we save your changes?” and read a character from the keyboard. If the key is “Y” or “y”, we want to carry out the save; if the key is “N” or “n”, we want to go on without the save; if the key is “?”, we might print some helpful information; if the key is anything else, we might print that we expected a “y” or “n”. We could encode all of this with if statements, but the switch statement potentially makes the program easier to understand.

Often times, a programmer will repeat the same block of code over and over again. While copying and pasting the code would work, this will be cumbersome. You might make a correction in one spot, but forget to correct the problem in the other spot(s). A loop is a programming construct where the same commands can be repeated as many times as needed. MATLAB provides the for .. end statements to do a loop, especially when you know how many times the loop should occur (e.g., “do this 10 times”). A similar set of instructions, the while .. end statements will keep looping (repeating the block of commands) as long as a given condition is met. A search exemplifies this; while we have not yet found (what we are looking for), keep going through the data.

Programs carry out tasks that sometimes fail. A prominent example is working with a file. If a person specifies a filename, and the program attempts to read the file, the program may crash if the file does not exist. For this reason, the try .. catch .. end statements allow the program to gracefully handle operations like this, and recover when errors occur. The computer executes the commands in the block after try, and jumps to the catch block upon running into an error. If everything works, it by-passes the catch block.

MATLAB also provides many useful functions, such as length, which returns the number of elements in an array. Also, you can create your own functions. This allows for abstraction, which helps people to understand programs as well as maintain them. For example, suppose that you want to sort a list of numbers. MATLAB includes a function called sort, which will sort an array in increasing order by default. Does it use bubble sort, insertion sort, merge sort, or some other algorithm? As long as it works well, do you care? By the way, if you are familiar with the bubble sort, you probably do care because it is particularly inefficient. A function allows for abstraction—we know what it does, and we do not know exactly how it does it, unless a problem causes us to investigate.



1.7KEY SHORTCUTS




You can use the up-arrow key to recall the previous command(s). Also, if you type part of a command, then press the up-arrow, it will recall the last command that began with what you typed. For example, suppose that you type a length command, then later type le and press the up-arrow. MATLAB should display the length command. If there are multiple commands that begin with le, they will be recalled in reverse order as the up-arrow is pressed. The down-arrow key recalls the next command entered, effectively allowing you to cycle through the earlier commands in either direction.

When a command is on the input line, you can use the left-arrow and right-arrow keys to move the cursor left or right, respectively. For example, suppose that you type lenght(myarray); then the RETURN key2. This command will not work, since length is misspelled. To fix it, type the up-arrow key, then the left-arrow key repeatedly, until the cursor is over the t. Then press the DELETE key twice, then press the t and h keys. You can then press ENTER (without moving the cursor to the end of the line). If you prefer, you can use the mouse to move the cursor.

Recent versions of MATLAB will suggest a command in cases where the function cannot be found. In the following code, we define the gas array to have two values, like in a previous example.

>> gas(1) = 23.64;

>> gas(2) = 35.78;

>> lenght(gas)

Undefined function 'lenght' for input arguments of type 'double'.

Did you mean:

>> length(gas)

ans =

2

Typing lenght(gas) caused the interpreter to say that no function by the name lenght exists, and it automatically put length(gas) at the prompt as if the user typed it. In this case, after typing the function incorrectly, the user simply presses ENTER to accept the auto-corrected line.

The TAB allows for completion, just like at the operating system’s command prompt, such as the Terminal program located under “Utilities” on an Apple Macintosh®. The Linux operating system also provides a Terminal program. Under Microsoft Windows®, the command utility program has built-in shortcuts like this, depending upon its configuration.



1.8WRITING PROGRAMS THAT ARE EASY TO READ




Most people think that programmers spend their time writing code. This is true to an extent, but a large amount of time will be spent maintaining code, along with other tasks involving communication. A company will have a set of programs that do what they need done. But if a bug is found, or new features are required, someone has to change the code to fix it or add new code to it. People come and go, so the person who maintains the code is often not the one who wrote it. As a result, a good programmer will write code that others can easily read, understand, and maintain. Several conventions help. Program readability allows for good maintenance.

First, you must document your code. Use the percent sign (%) to add comments. Anything on the line after this character will be ignored by the computer. Always make sure to include pertinent details at the top: who you are, what the date is, what you plan to do (especially if you make changes to old code). Your comments should explain what your program does, both at the top (which appears as a result of the help command), as well as within the body of the program. You might wonder who the comments are for, and that answer varies. Have you ever written a program so long ago that you forgot you wrote it? You will! First and foremost, make comments throughout your code for your future self. You may try something one way, discover that it does not work well, and change it to something better. If you do not document what you did, you might someday revisit the program and think “why did I do it like that? I’ll change it...” and re-introduce a problem you already solved. Use comments to explain what you are doing to yourself and others. Documenting your code should also help solidify your ideas.

Be sure to give other people credit where it is due, as in the following comment.

% The next 4 lines are from Sally Smith.

...

If you include code from the Internet, make sure you put in as much detail as you can (who wrote it, the company, a book that shows it, when you got it, the URL, etc.). Be sure to say where the borrowed code starts, and where it stops, e.g.,

% Begin: code from King's "C Programming: A Modern Approach"

%        2nd ed, 2006, page 300

followed later by a comment like this.

% End: code from page 300 of King's book.

Obviously, just because you find someone else’s code does not give you the right to use it. You should make sure that you have permission (which may be implied by where and how you found the code). You should be certain that it is legal and ethical for you to use the code, and check with your instructor or employer. If you use someone else’s code, you are still responsible for knowing what it does.

To clarify this, suppose you get 3 lines from another source, and put it in the middle of your code. You should include it only if you understand exactly what those lines do, and if you could have done it yourself given the time. Now suppose that you find a function that does something complex for you, such as read in and decode an .ogg sound file, and return an array of double values from −1 to 1. In this case, your knowledge of how each line works is not necessary. Your code calls the function that someone else wrote, as if their code was part of MATLAB. You understand what it does without knowing how it does it. As long as you could break it down line-by-line given enough time, do not worry about knowing the details.

You can also use %{ and %} to indicate multi-line comments. That is, the computer will ignore everything between these two, as in the following example.

%{

All of these lines are comments, 
meant for a human to read,
so the computer ignores them.

%}

If you have a program with several lines that you want to comment-out, you can select them in the editor and click the comment button, or you can simply use %{ and %} around the lines.

MATLAB gives special meaning to two percent signs in a row, “%%”, which define a code cell up to the next pair of percent signs. You can run the code in such a section with the “evaluate cell” button on the editor window. When writing code and testing it periodically to get it just right, this feature allows you to focus on a subset of a program.

Compactness is good, but taking it to an extreme is not. Clever code that is not understandable is not maintainable. Keep in mind that someone else may have to understand and maintain your code, and if enough time has passed, the person struggling to understand your code could be you. Use parentheses to make meaning clear. Use whitespace such as spaces and blank lines to provide structure. A common convention is to indent code in the same block. The computer does not care; it will figure out the code with or without whitespace. But it makes the code easier to read. Be consistent with this! If you include four spaces to the left of each line in a block, you should not later use three spaces. MATLAB’s built-in editor will help, and it will automatically indent your code. However, you should get into the habit of indenting code for the sake of clarity even without the editor. You can use any editor that you like, however the built-in one provides features that other editors do not, such as commenting out a selection of lines, or color-coding the commands.

Give variables (and programs) sensible names. If you store someone’s rate of pay, names like rateOfPay, rate0pay, payRate, or pay_rate get the idea across. Names like p, PR, and thing should be avoided. Use one-letter variables like i or n if it makes sense and is well localized. For example, payRate(i) would be acceptable. By “well localized,” a one-letter variable should not be assigned a value once, then used hundreds of lines later.

Consider using a variable for any constant value, because you may want to change it later. Some constants, like pi (π), never change. Often, however, a program will have constant values according to choices that make sense at the time, like expecting to work with 100 images, and show them for 100 seconds each. It might be tempting to use the value 100 wherever it needs to go, but how do you change it later, conceivably if you want to work with 150 images, and show them for 80 seconds each? You would have to carefully replace some instances of 100 with 150, and other instances of it with 80. A much better solution is to assign variables for these values, such as the following.

numberOfImages = 100;

secondsToShow = 100;

With these lines at the top of the program, changing them to different values becomes easy.

Document your assumptions, using comments. For example, suppose that we ask the user for their age. Should our program reject any age below 18? Should it reject any age above 100? If we do not use these minimum or maximum ages, should it ever reject an age? Is zero OK? Could we use a byte value to store the age, i.e., between 0 and 255? Are negative numbers acceptable? Are fractions, such as 4.5 OK, or should the number be an integer? What about complex values, characters, or strings? Would a matrix of values make sense (e.g., in a function where the age is passed as a parameter)? We should specify exactly what we expect in the code comments. Making this clear to the user is a good idea, too.

Like other programming languages, MATLAB includes keywords which are reserved for special use. As an example, the word for can only be used as part of a for loop. A command like for = 4 results in an error. The keywords include the programming constructs that you would expect, i.e., while, switch, end, try, if, etc. These words already have a specific meaning, so they cannot be redefined.

We call embedded systems the broad area of hardware and software development for specific products. These are computers in the sense that they have processors, programs, memory, inputs, and outputs, yet these parts are embedded in the product to the degree that we do not think of them as computers. For example, wearable fitness tracking devices, microwave ovens, and cell phones are all embedded systems. Many such systems are designed and prototyped with MATLAB and Simulink, even though MATLAB is not normally the programming language used to control them. This text uses the term embedded system often as a contrast to more traditional computers.

Whatever convention(s) you use for names, be consistent throughout. In embedded systems, some programmers use a lower-case letter to indicate the variable type, like iCounter to indicate a counter with the integer data type. Other programmers use all capitals for constants, values that do not change, like π. Or the first letter is capitalized if it names a function, but lower-case when used for a variable. You may even find that different companies have different styles. Whatever style you use, be consistent with it.

Use one entry and one exit for your code, except when handling errors. This is no longer the issue it once was, back in the days of “goto” statements that allowed a flow-chart (a graphical depiction of the program’s order of execution) to look like a plate of spaghetti. Today, this means you should avoid using the break statement to end a loop in the middle, unless you have a good reason to do this.

Use encapsulation. If one page of code does a particular task, you should consider moving it to its own separate file. You can also standardize it, so that you can use it again in the future. While MATLAB allows global variables, meaning that they can be viewed and changed by any function, use local variables as much as possible. By default, the variables that you create will be local variables.

When you print your code, use a monospaced font (Courier is a good one). It makes the printout easier to read, and the whitespace stands our better. Compare the two lines below:

This sentence is not monospaced.

This sentence is monospaced.

The second line, using a monospaced font, resembles what you will see in the MATLAB command window, and in the editor.

Be professional about your code. Make things explicit with your comments, and do not abbreviate as if you are sending a text message. Clean up your code when you are done. You may comment and uncomment blocks of code while getting it to work correctly. When the program is “finished,” you should get rid of commented-out code that is no longer needed. Try not to misspell words, and watch out for other grammatical errors. Yes, the computer will not care. However, if you do communicate well, the other programmers or managers who see your work are likely to be impressed with your thoroughness and attention to detail.

When writing code, try to make it robust, referring to the quality of a program to work even with bad inputs or under poor conditions. It should work without generating an error when possible. Sometimes, there can be a problem that your program cannot handle, such as if an important data file does not exist. In that case, it should pass along an error message. However, if the user gives the program bad data, such as values outside of the expected range, the program should handle it gracefully. It could display a message about the data being out of range, and returning back to the prompt.

Another good quality for code is making it modular, where it is self-contained. It should have everything it needs, although it may specify any required parameters. Like a building block, a well-written program or function can be included as a small piece of a large design. With modularity, each piece can be tested to ensure that it works as expected.

Remember that we can split a command into multiple lines. When a line becomes long, use an ellipsis (three periods) to specify that it continues on the next line. This allows us to make the code more readable.

>> disp(sprintf('Using 10 places, pi has value %2.8f,\n%s', ...

pi, 'counting the decimal point.'));

Using 10 places, pi has value 3.14159265, 
counting the decimal point.

We see that the command is interpreted the same as if we had typed it all on one line.

A command that embeds sprintf inside a disp statement causes a warning that fprintf('...') can replace it. The former makes a string to then display to the user. The latter also makes a string, and prints it to a file, but that file happens to be the command window by default. MATLAB’s editor provides information about this. The editor shows lines with disp(sprintf('...')) underlined in orange, and an orange bar appears on the right of the editor window. If you hover the cursor over either the line or the bar, it explains that disp(sprintf('...')) takes additional memory resources and time compared to fprintf('...'). However, the examples in this text use disp(sprintf('...')) since it has a clearer meaning.



1.9DEBUGGING TECHNIQUES




A good way to figure out a program is to simulate the computer yourself. Take a deep breath, and try to clear your mind. Starting at the first line, go through the program line by line, performing each line as the computer would. Ignore the comments. Remember, the computer does not understand the comments, and the comments likely say what you want the commands to do, rather than what they actually do. For each variable, write down the value on paper, crossing out the previous value if there is one. Simulate what the computer does, substituting variables for their values. Think like a computer would.

Debug from the first error down, not from the last. When the computer encounters a problem, it generates an error message. Depending on the severity, it may not stop there, and continue to process the code. This can trigger “cascading errors,” where one error causes another, only the description for the latter error might misdirect you. With some computer languages, a relatively minor error can set off a screen-full of error messages. Sometimes when a programmer fixes the very first error, the rest of them disappear.

If you are not sure where a program fails, use display statements to show the progress. You may want to add a pause(0.5) command after the display statements, to give the computer time to update the screen.

You can also set breakpoints, and use MATLAB’s built-in debugging program. Chapter 11, Getting Help and Debugging, covers this in detail.



1.10COMMON UNIX COMMANDS




Scientists use a variety of different computers. You may be surprised to learn that, in November 2017, it was announced that the all of the world’s top 500 supercomputers run Linux [3, 4]. Linux is a popular, free, open-source operating system (OS), developed as a version of Unix for the IBM Personal Computer (PC), and PC compatible systems.

In the past few decades, the Unix OS dominated the high-performance computing market. Laboratories and businesses often have powerful and expensive computers to handle their work, called servers. People connect to these machines with less powerful (and much less expensive) computers called clients. Some clients are little more than a keyboard and monitor. You may be familiar with these terms already; when you use your laptop or phone to view web pages, your client device contacts a remote server for that content. In that sense, you already rely upon computers running Unix and Linux. Over the years, computing equipment has become more powerful, less expensive, smaller, and ubiquitous. However, there still remain classes of computers beyond the home computing market.

A terminal means a program that allows the user to interact with the operating system by issuing text-based commands. The Microsoft Windows® equivalent is the command window, although the commands that it recognizes are a little different. Most users do not use a terminal window, since they can do what they need to do via the graphical user interface (GUI). Starting programs, editing files, renaming files, moving files, and deleting files can be done via the GUI, but these can also be done with the terminal. When we interact with the terminal window, such as in a classroom environment, we use Unix/Linux commands. You do not need an in-depth knowledge of Unix, but the following list of commands include ones that you should know. Interestingly, Apple developed OS X based on a Unix variant. Thus, these commands are the same for many different devices, from a supercomputer running Linux, to a high-powered server running Unix, to a Macintosh running OS X3, or a PC running Linux, and even down to small devices like the Raspberry Pi.

Unix workstations provided graphical user interfaces early on, with windowing standards such as X Window System from the 1980s. However, if your computer runs Unix/Linux, or if your data comes from such a machine, you might also need to know how to work from the terminal window. Here are some common commands.

•cat file

This is short for concatenate file(s), where you can specify multiple files. It prints the contents of all of the file(s) to the screen, one after another, without pausing. This command can also be used to create files. The MATLAB equivalent is type file.

•cd

change directory. By itself, it will change to your home directory. The MATLAB equivalent is cd ~. For example, cd /home/mweeks says to change the directory to /home/mweeks, the home directory for user “mweeks”. The MATLAB equivalent is cd /home/mweeks. Home directories vary from system to system, and your system could use something different. For example, on a Macintosh, the command might be cd /Users/mweeks instead. Two periods in a row signify the parent directory, so cd .. changes the directory to one level up. For example, from the directory /home/myaccount, this will change it to the /home directory. The command cd .. also works with MATLAB.

•chmod

change mode. You probably will not need this. It allows you to set permissions on your files, for example, chmod 644 myfile sets read and write access for the owner of myfile, read access for everyone in your group, and read access for anyone else on the computer. To see how this works, consider that each digit represents an octal number (i.e., an integer from 0 to 7) corresponding to read, write, and execute bits, and the digit position means whether it applies to owner, group, or world. The octal number 6 has the binary pattern 110, so the owner can read or write the file, but cannot execute it. Next, the octal number 4 has the binary pattern 100, so the group members can read the file. After that, the world members (anyone on that computer) can read it, too. Octal, also called base 8, does not find much use outside of this. These file attributes allow you to control who on the computer has access to your files. The MATLAB equivalent is fileattrib.

•date

gives a time-stamp including today’s date. MATLAB has a date command, although it does not return the time. To get the date and time, MATLAB’s clock command returns these as an array of six values. The following example shows the difference between date and clock in a MATLAB session.

>> date

ans =

11-Dec-2017

>> a = clock; sprintf('%d-%d-%d at %d:%d:%2.0f', a)

ans =

2017-12-11 at 18:22:37

Meanwhile, this example shows the output of date in a terminal window.

cascade:~> date

Mon Dec 11 18:24:18 EST 2017

As you can see, the terminal command was issued less than two minutes later.

•echo

repeat back whatever follows. For example, echo hello results in the text “hello” being printed. MATLAB provides the disp statement for this purpose.

•ls

list files in the current directory. You may use it with a filename, or a filename with a wildcard, like ls *.m to generate all files that have .m at the end of the name. You will often see this as ls -l: list files in the current directory in long format, which gives additional information. MATLAB also recognizes ls and ls -l.

•man command

shows the manual entry for the command. It provides information like help does in MATLAB.

•matlab

starts the MATLAB program, assuming that it is installed. Of course, it may instead be invoked by clicking on the icon.

•mkdir newdirectory

make a new directory. MATLAB also can create a new directory with mkdir.

•more file

shows the contents of file to the screen, one screen at a time, with a prompt showing that “more” content follows. Interestingly, many system include an improved version of it, called less. The MATLAB equivalent is more on followed by type file.

•path

The “path” is more of a concept than a command, although the environmental variable $PATH contains important information. When looking for a file, the computer searches through the path, and reports the first file matching the name that it finds. If it cannot find the file, this may simply mean that it does not look at the correct location. The command echo $PATH reveals where the computer looks for matches, and in what order it does the search. In MATLAB, the path command returns the list of directories that it searches before it determines that something is an “undefined function or variable.”

•pwd

print working directory. It shows where you are currently located in the directory tree. MATLAB also supports pwd.

•sftp account@computer

This runs the secure file transport protocol, allowing you to log in to a remote computer, and get files from it, or put files on it. There is no MATLAB equivalent.

•ssh -Y -l account computer

This runs secure shell, allowing you to log in to a remote computer, and run commands as if you were in front of it. The -l indicates what account to use on the remote computer. Of course, it will prompt you for the password to that account. The -Y parameter specifies X Window forwarding. The X Window System is for graphical user interfaces, developed in the 1980s, and still widely used. On some systems, you might need to have the X Window System installed before you can run MATLAB. If you plan to run MATLAB remotely, and display the output locally, you will likely need to set up X Window forwarding. There is no MATLAB equivalent.

•vi filename

Invokes the visual editor. It is good to know, since most computers running Unix/Linux support it. With ssh and vi, you can edit files on a remote computer. The closest MATLAB command is edit.


Table 1.1 Common Unix/Linux commands, and equivalents. Many of these commands expect additional information, such as the name of a file.
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Table 1.1 shows a summary of the commands. The column labelled “DOS” refers to Disk Operating System, originally PC-DOS or MS-DOS, and lists the commands supported by the command program (command.com or cmd.exe). The text “3rd party” indicates that third-party software exists to do this function.



1.11THE MATLAB MOBILE APPLICATION




With a MathWorks account, you can download the MATLAB Mobile® application and access the computing enviroment from a phone or other mobile device. You must have Internet access available when you want to use it, since your mobile device does not carry out the computations. Instead, it communicates with another computer to perform the commands. Figures 1.2 and 1.3 show the application connecting, then executing a couple of example commands. Notice the keyboard includes some handy keys along the top, such as the up-arrow and down-arrow, parentheses, and single quote. Navigate to previous commands with the up-arrow.


[image: Image]

FIGURE 1.2 MATLAB Mobile must have an Internet connection to work.
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FIGURE 1.3 MATLAB Mobile can compute results and show figures, just like on a laptop/desktop computer.



The mobile environment uses “MATLAB Drive” that seamlessly links files stored on one computer to others, including mobile devices. Once set up, you can designate programs and other files to be available through it. Figure 1.4 shows the run of a program called matches_example.m that compares two strings. On the mobile phone, the user entered matches_example, the name of a program available on the MATLAB Drive. A computer ran the program, and reported the results back to the phone. Interestingly, this particular example calls the function matches, a command released in 2019. The phone does not do much with MATLAB unless it has an Internet connection. And the computer hosting the program has version R2016b, meaning that it gives an “undefined function” error when the user runs that program. This may seem nebulous; what computer ran the program? Where are the MATLAB Drive files stored? Remote servers take care of these details. This is “cloud” based computing.

Copying files on one computer to a specific sub-directory, makes those files available on other devices. For example, on a desktop computer, copying the file mymagic5.mat to the the Published folder under the MATLAB-Drive directory, allows it to sync with the MathWorks cloud, and then it becomes visible to the phone, as shown in Figure 1.5.
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