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Chapter 1



Basics of R

1.1



Installing R and so on



If you are reading this at the HIE R course, the computers in this room already have R and RStudio

installed. There is no need to update. Do take note of the recommended settings in RStudio discussed

in Section 1.1.2.



1.1.1



R installation



Throughout this book, we assume you use RStudio. However, you still have to install R. RStudio is

a program that runs R for us, and adds lots of functionality. You normally don’t have to open the R

program directly, just use RStudio (see next Section 1.1.2).

To install R on your system, go here : http://cran.r-project.org, click on the download link at the

top, and then ’base’, and ﬁnally download the installer.

Run the installer, and simply press OK on all windows (since you will be using RStudio, the settings here

don’t matter).

It is a good idea to install newer versions of R when they become available. Simply repeat this process

or see another solution in Section 1.10.



1.1.2



Using and installing RStudio



We will use RStudio throughout this course (but see note above, you need to install R ﬁrst). To download RStudio, go here: www.rstudio.org to download it (Windows or Mac).

Take some time to familiarize yourself with RStudio. When you are using a new installation of RStudio,

the default behaviour is to save all your objects to an ’RData’ ﬁle when you exit, and loads the same

objects when you open RStudio. This is very dangerous behaviour, and you must turn it off. For now,

make sure you go to Tools Global Options... and on the General tab, make sure the settings are like the

ﬁgure below.

Another feature you may want to turn off is the automatic code completion, which is now a standard

feature in RStudio. If you are using an older version of RStudio, this won’t apply (and you won’t be able

to ﬁnd the settings in the ﬁgure below).



4



Chapter 1 Basics of R



1.2 Basic operations



Figure 1.1: Settings in Tools/Global Options/General, to prevent automatically loading objects from a

previous session. This contaminates your workspace, causing problems that are diﬃcult to spot.



Figure 1.2: Settings in Tools Global Options Code Completion to avoid automatic completion of your

code, which opens hint windows as you type. Some people ﬁnd this helpful, others ﬁnd it annoying

and distracting.



1.2



Basic operations



1.2.1



R is a calculator



When you open the R console, all you see is a friendly &gt; staring at you. You can simply type code, hit

Enter , and R will write output to the screen.

Throughout this tutorial, R code will be shown together with output in the following way:



# I want to add two numbers:

1 + 1

## [1] 2

Here, we typed 1 + 1, hit Enter , and R produced 2. The [1] means that the result only has one element

(the number ’2’).

In this book, the R output is shown after ##. Every example can be run by you, simply copy the section

(use the text selection tool in Adobe reader), and paste it into the console (with Ctrl + Enter on a Windows

machine, or Cmd + Enter on a Mac).

We can do all sorts of basic calculator operations. Consider the following examples:

# Arithmetic

12 * (10 + 1)



## [1] 132

# Scientific notation

3.5E03 + 4E-01

## [1] 3500.4

# pi is a built-in constant

sin(pi/2)

## [1] 1

# Absolute value

5



Chapter 1 Basics of R



1.3 Working with scripts and markdown ﬁles



abs(-10)

## [1] 10

# Yes, you can divide by zero

1001/0

## [1] Inf

# Square root

sqrt(225)

## [1] 15

# Exponents

15^2

## [1] 225

# Round down to nearest integer (and ceiling() for up or round() for closest)

floor(3.1415)

## [1] 3

Try typing ?Math for description of more mathematical functions.

Also note the use of # for comments: anything after this symbol on the same line is not read by R.

Throughout this book, comments are shown in green.



1.3



Working with scripts and markdown files



When working with R, you can type everything into the console, just as you did in the last few examples.

However, you’ve probably already noticed this has some disadvantages. It’s easy to make mistakes, and

annoying to type everything over again to just correct one letter. It’s also easy to loose track of what

you’ve written. As you move on to working on larger, more complicated projects (in other words, your

own data!) you will quickly ﬁnd that you need a better way to keep track of your analyses. (After all,

have you ever opened up a spreadsheet full of data six months after you started it, and spent the

whole day trying to reconstruct just what units you used in column D?)

Luckily R and RStudio provide a number of good ways to do this. In this course we will focus on two,

scripts and markdown documents.



1.3.1



R scripts



Scripts offer the simplest form of repeatable analysis in R. Scripts are just text ﬁles that contain code

and comments. Script ﬁles should end in .R.

In RStudio, open a new script using the File menu: File New File R Script , and save it in your current

working directory with an appropriate name (for example, ‘rcourse_monday.R’). (Use File Save , note

that your working directory is the default location).

A brand new script is completely empty. It’s a good idea to start out a new script by writing a few

comments:



# HIE R Course - Monday

# Notes by &lt;your name here&gt;

# &lt;today's date&gt;
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# So far we've learned that R is a big calculator!

1 + 1

As we mentioned in Section 1.2.1, the # symbol indicates a comment. On each line, R does not evaluate

anything that comes after #. Comments are great for organizing your code, and essential for reminding

yourself just what it was you were intending. If you collaborate with colleagues (or your supervisor),

you’ll also be very grateful when you see comments in their code – it helps you understand what they

are doing.



Try this yourself Sometimes, you might want to write code directly into the console, and add

it to a script later, once it actually works as expected. You can use the History tab in RStudio to save

some time. There, you can select one or more lines, and the button To Source will copy it to your

script.

Try it now. Select one line by clicking on it, and send it to your script ﬁle using To Source.

You can use this feature to add all of the examples we typed in Section 1.2.1 to your notes. To select

more than one line at a time, hold down Shift . You can then send all the examples to your new

script ﬁle with one click.



1.3.2



Using scripts to program with objects



It gets more interesting when we introduce objects. Objects are named variables that can hold different

values. Once you have to keep track of objects, you’ll naturally want to use scripts so that you can easily

remember what value has been assigned to what object. Try adding these examples to your sample

script:



# Working with objects

# Define two objects

x &lt;- 5

y &lt;- 2 * x

# ... and use them in basic a calculation.

x + y

Note the use of &lt;- : this is an operator that assigns some content to an ’object’. The arrow points from

the content to the object. We constructed two objects, x and y.

Now let’s run the script. You can run your entire script by clicking the Source button in the top right. Or,

more conveniently, you can select sections of your script with the mouse, and click Run , or by pressing

Ctrl + Enter ( Cmd + Enter on a Mac). If nothing is selected, the current line of code will be executed. The

results from running the script above look like this (note that the comments are sent to the console

along with the code):



# Working with objects

# Define two objects

x &lt;- 5

y &lt;- 2 * x

# ... and use them in a basic calculation.

x + y
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1.3 Working with scripts and markdown ﬁles



## [1] 15

Objects you’ve created (in this case, x and y) remain in memory, so we can reuse these objects until we

close R. Notice that the code and comments are echoed to the console, and shown along with the ﬁnal

results.

Let’s add some more calculations using x and y:



# ... a few more calculations:

x * y

y / x

(x * y) / x

Run your script by clicking source or highlighting a few lines and typing Ctrl-Enter or Cmd-Enter . You

should get these results:



## [1] 50

## [1] 2

## [1] 10

If you like, try adding some of your own calculations using x and y, or creating new objects of your own.

You can also assign something else to the object, effectively overwriting the old x.



# Reassigning an object

# Before:

message(x)

## 5

x &lt;- "Hello world"

# After:

message(x)

## Hello world

Here we assigned a character string to x, which previously held an numerical value. Note that it is not a

problem to overwrite an existing object with a different type of data (unlike some other programming

languages).



Try this yourself



Note that RStudio has four panes: the R script, the R console, Files/Plots/Packages/Help and Environment/History. You can change the placement of the panes in Tools

Global options... Pane layout . Change the layout to your liking.

You can also change the appearance of code in the script pane and the R console pane. Take a look

at the styles in Tools Global Options... Appearance , and then pick one in the Editor theme list.



1.3.3



Working with markdown files



Script ﬁles are good for simple analyses, and they are great for storing small amounts of code that

you would like to use in lots of different projects. But, they are not the best way to share your results

with others. Most of all, R scripts, no matter how well commented, are not suitable for submission as

journal articles. For that, we need to incorporate all our exciting results and beautiful ﬁgures into a

document with an introduction, methods, results, and discussion and conclusions.

Fortunately, there is an easy way to do this. It also makes a great way to keep track of your work as

you are developing an analysis. This is know as an R markdown ﬁle. Markdown is a simple set of rules

for formatting text ﬁles so that they are both human-readable and processable by software. The knitr
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