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An Introduction 
to the 

R Programming Language



Goals of this 
Session

• Introducing the R “ecosystem”
• Giving you the information you need to get R and 

related software installed
• Compare and constrast the R and “standard” 

programming languages like Java
• Provide a high level overview of major language 

structures/features
• Demonstrate how to use R effectively
• Point out some available resources to help you 

learn more



Agenda

• Getting set up to work in R technologies
• R Packages: how to find and use them
• Understanding how R is different
• The basics of programming in R
• Handling simple file IO in R
• Actually programming in R
• Wrap up and questions



Getting 
Started in R 
Technologies



R Project for 
Statistical 

Computing

• R is focused on statistical and graphical computation and 
is supported by the R Foundation for Statistical 
Computing

• R is a free programming language developed and 
maintained  by a world wide group of scientists and 
engineers

• The R website is: https://r-project.org  from this page 
links are available for R downloads for Linux, Windows, 
and MacOs 

• If you need help, the world wide R users community can 
provide some mighty fine help so join in and access it

• There are R users groups in larger cities all over the 
world, including Portland 
(https://www.meetup.com/portland-r-user-group/), that 
sponsor talks, seminars, and events

https://www.meetup.com/portland-r-user-group/


Other 
Important R 
Resources

• RStudio is a free and very popular R 
software development environment 
(SDE): 
https://www.rstudio.com/products/rstud
io/download/
• If you use Eclipse, the StatET SDE plugin 
is also available: http://www.walware.de

https://www.rstudio.com/products/rstudio/download/
http://www.walware.de/


• R itself is available to down load from the CRAN* site: 
• https://cran.r-project.org/mirrors.html
• Pick a mirror site geographically close
• Click on the URL
• On the download page, click on the link: Download R for Windows (or Linux or 

MacOS)
• You will get this page: 

Getting Set Up

Then click here to 
start download

*Comprehensive R Archive Network

https://cran.r-project.org/mirrors.html
http://ftp.osuosl.org/pub/cran/bin/linux/


Getting Set Up
Next page: Click here.  Version 

number may vary.

After download, read these 
instructions and install



R Packages: how to find and use them



R Packages

• What is a package? 
• Packages are collections of R functions, data, documentation, and compiled code in a 

well-defined format that implement a specific functionality, for example: ANOVA
• The directory in which packages are stored is called the “library” (C:\Program 
Files\R\R-3.4.3\library)

• R installs with a standard set of packages which provide much functionality
• Others packages are available to download and install at your option
• Once installed, they have to be loaded into the session to be used (more on this 

later)
• Most packages implement mathematical, statistical and/or graphical functionality

• In addition to the basic language, R has over 15,000 add-on packages and 
this number is increasing rapidly

• Packages add to R core functionality
• Effectively, packages allow R to serve as an extensible language



R Packages

• Anyone can write a package for R
• Packages are carefully curated by a board of scientists:

• There are standards for what a package must contain (code, documentation, 
examples, etc.)

• Submissions must meet these standards to even be considered
• Functions are vetted by board members and others to ensure scientifc 

correctness and code quality

• This vetting process ensures that only quality packages become 
available to the R community

• BONUS: Authors of packages often directly answer requests for help –
another great resource of the R community



Finding a Suitable Package: The R Search Site
Go to http://finzi.psych.upenn.edu/search.html - the R search site

Enter what you are looking for 
and press the Search button

Results returned in order of highest 
relevance (the ‘score’ value shown)

Select the crition to sort the 
relevance of finds by 

http://finzi.psych.upenn.edu/search.html


Understanding how R is different



First Program

Bring up R console 
window

Type “r”

Code “2 + 2” and hit 
return
And, r returns the 
answer

Notice something different?

Every release has a 
(whimsical) name



Differences: R vs Java or C#

• Object oriented
• Interperted
• Vector or scalar
• Dynamic typing
• Malleable function 

invocation
• Images

• Object oriented
• Compiled
• Scalar
• Declarative typing
• Strict function 

invocations

R Java or C#

Actually, there are a lot of differences:



Interpreted vs Compiled Software

Compiled Language

Interpreted Language

Code File Compiler Binary File

Run Time 
Environment Result

Interpreter Result

Create 
Runnable



R Features
x <- c(5,5,2)
> y <- c(8,5,14)
> 
> z <- sum(x)
> print(z)
[1] 12
> 
> z <- sum(y)
> print(z)
[1] 27
> 
> z <- x + y
> print(z)
[1] 13 10 16
> 
> print(mean(y))
[1] 9
> print(sd(x))
[1] 1.732051
> 

Create two vectors

Sum each vector and 
print this value

Add the two vectors 
and print new value

Calculate the mean 
and std dev and print

Note that the type of z 
changed between 
assignments

Vector Operations
(less looping and simpler code)

Dynamic Typing

The “>” is the command line prompt



R Function Calls
• Define pData as: 
• pData <- 1:10

• The following are all valid invocations of the hist function 

• 1. hist(pData)

• 2. hist(x = pData)

• 3. hist(plot=TRUE, x = pData)

• 4. hist(pData, plot=TRUE,axes=FALSE)

• The following rules apply:
• As long as you enter data in the order defined, you do 

not have to name the parameter (1,4)
• If you are satisified with the default value of the 

parameter, you can skip it (1,2,3,4)
• You can enter parameters in any mixed order if you 

specifically name them (3,4)





RStudio

https://www.rstudio.com/pro
ducts/rstudio/download/

You can download it for 
free from here:

https://www.rstudio.com/products/rstudio/download/


The Workspace/Image

You can save and reload a 
workspace and begin 

exactly where you left off

An R Workspace contains all the 
state information present in R at 
the time 
• All the objects that have been 

created
• All the functions that have 

been created
• The workspace can be saved 

to a file as an “image”
• And later reloaded so you 

return to you last known state



Eclipse/StatET

Download from 
here:

http://walware.de

(and click on the 
link in the upper 
left corner that 
will take you to 
the English pages)

Warning: StatET is not a simple installation.  Knowledge of Java, Eclipse, and Unix/Linux needed

http://walware.de/


Walking tour of



The basics of programming in R



Simple Coding Comparison: R vs Java

x <- 1:20
sumX <- sum(x)
sumX2 <- sum(x^2)
sd <- sqrt((sumX2 - (sumX^2/20))/(19))
print(sd)

public class sd {

public static void main(String[] args) {

double x[] = 
{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20};

double sumX = 0.0;
double sumX2 = 0.0;

for(double d: x) {
sumX = sumX + d;
sumX2 = sumX2 + d*d;

}

double sd = Math.sqrt((sumX2 -(sumX*sumX/20))/19);
System.out.println("sd = " + Double.toString(sd));

}
}

R

Java

No need to write loop in R

R shortcuts specifying the initial sequence



Data Structures
In addition to the usual built-in data scalars (e.g., int, long, float, double, boolean, char, string),

R also provides native data structures:

• Vectors (contain scalars of a single type)

• Matrices (only 2 dimensions, a single type of data)

• Arrays (multiple dimensions, single type of data)

• Data Frames (similar to matrix but columns can contain different types of 

data)

• List (ordered collection of objects of any type)

• and Factors – for example, the Make of a car could be represented by a factor

such as (Ford, GM, Toyota, BMW, Mercedes) 



Creating Data Structures

Create a vector using the construct function: c()

v <- c(1,2,3) creates a vector containing 1, 2, and 3 in that order
v[2] gives you the second element in the vector : 2

Create a matrix by combining rows or columns: rbind() or cbind()

r1 <- c(1,2) c1 <- c(1,3)
r2 <- c(3,4) OR c2 <- c(2,4)
m <- rbind(r1, r2) m <- cbind(c1, c2)

Either approach creates the matrix:
|1 2|
|3 4|

You can access elements in the matrix by indices:  m[1,2] yields the value 3



Creating Data Strucures

If the value of m2 is:|1 2 3| then m2[2:3,2:3] gives you: |5 6|
|4 5 6| |8 9|
|7 8 9|

It is also possible to give rows and columns names rather than numbers

And m2[-2,-2] gives you: | 1 3|
| 7 9|



Creating Data Structures II

Data frames are commonly created by reading CSV files using the read.table 
function, for example:

fish <- read.table("c:/colleen/workshop/fishData.csv", 
sep=",",header=T)

write.table() can write a data frame as a CSV file

NOTE: the columns can take the names on the header columns in the file, optionally



Accessing Data in Data Frames

• An element can be accessed like an element in a matrix: fish[3,4]
• An entire column can be accessed by name:  fish$Age or fish[,4]
• Or, a row fish[2,]
• So, it becomes easy to get statics on data in data frame:

• sd(fish$Age)
• mean(fish$Age)
• hist(fish$Age)

• Or, in one fell swoop

• summary(fish)

Note how R determines 
the data type in a column 
and reports appropriately



Accessing Data in Data Frames II

• Create a new data frame by taking columns 1,3, and 5 from rows 10 thru 21

• x <- fish[c(10:21),c(1,3,5)] 

• Create a new data frame where the Species is FACH and we only want columns Age and Length

• y <- subset(fish, Species = “FACH”, select(“Age”, “Length”))

• Create a new data frame where the length is a minimum of 50

• z <- subset(fish, Age >= 50)

• Now, let’s remove data from existing data frame: we remove rows 4,5, and 6 and all of column 5 

(PITTagID)

• w <- fish[-c(4,5,6), -c(5)]

• All this with absolutely no looping in the code

• These are just a samples, there are many other techniques and functions to prune data frames



Data Access Features: An Analogy

Java and C# R

VS



What Else Do Native 
Data Structures Buy You?

• Built-in functionality for sorting, 
merging, aggregating, reshaping, and 
subsetting data

• Conventional languages like Java and 
C# do not provide all this functionality

• Example: built-in sorting of data

mtcars is a built-in sample 
data frame with data on cars



R  is Functional Programming

sd <- function(x) {
sumX <- sum(x)
sumX2 <- sum(x^2)
sd <- sqrt((sumX2 -
(sumX^2/length(x)))/(length(x)-1)
return(sd)

}

To script reusable code , we package the code in a particular type of object 
called a “function”

Here is a function definition:

The word “function” 
specifies we are defining 
a function object

This declares the 
name of the function

Open/close brackets 
delimit the content of 
the function

The “return” function 
returns the value from 
the function

Note: unlike Java and C#, functions in R do 
not declare a return value type



R Operators



Conditional Logic

Like Java and C#, R has an if-else statement for example:

// discount list price by 5% only if buyer 
// is a member 
FinalPrice <- if(member) ListPrice * 0.95 

else ListPrice

But, since R deals with vectors. It also has a vectorized if-else statement:

ifelse(v1, v2, v3)
where:

• v1 is a vector of logical values
• v2 is a vector of values to be returned if the corresponding value in v1 is TRUE
• v3 is a vector of values to be returned if the corresponding value in v1 is FALSE

Ifelse returns a vector of the values calculated for each position



ifelse Statement

The vector returned from the statement is:

Consider this ifelse statement:

ifelse(c(3,6,12) < 5, 4:6, 7:9)

The arguments to it are:
v1 = TRUE, FALSE, FALSE
v2 = 4, 5, 6
v3 = 7, 8, 9

4, 8, 9

Note: again, we used no loops



R Control Structures

if (cond) expr
if (cond) expr1 else expr2

for (var in seq) expr

while (cond) expr

switch(expr, …)

ifelse(test, yes, no)



“Looping” the R Way

1. We build a 5x6 matrix

2. We want the average of each column, so could loop:

avgs <- c()
for( I in 1:5) {

colsum = 0
for(j in 1:6) {

colsum = colsum + x[I,j]
}
avgcol = colsum/5
avgs <- c(avgs, avgcol)

}
summary(avgs)



Or we could…

…use the apply function: apply(values,mode,func)

means <- apply(x,2,mean)
summary(means)

1 = row-wise
2 = column-wise

The function to be 
applied to data

Advantages of the apply function family:

• No need for writing nested loops, only one line of code
• The apply functions are generally faster than loops since they 

run in compiled code not interpreted code



Visualization of apply Function

Visually, this is what is happening:



The apply Family of Functions

R provides a mechanism more efficient than looping: the apply functions

There are other “apply” 
functions, but these three 
are the most commonly 
used 



Basic Statistics I



Basic Statistics II



Basic Statistics III

And also  basic ANOVA and correlation analysis functions



Advanced Statistics



Graphic using ggplot2



Handling simple file IO in R



Importing Data from Excel Spreadsheet

1. Export you Excel data into a CSV file with variable names in first row
2. Import your data from the file with this code
3. It is also possible to read it in directly from a .xlxs file

# note the / instead of the \ in file name even though we are on Windows

fishData <- read.table(“c:/colleen/workshop/fishData.csv”, header=T,sep=“,”)



Writing Data to Output

# write a tab delimited text output file
write.table(mydata, "c:/mydata.txt", sep="\t")

# write to an Excel file format

# we have to explicitly load the xlsx library into the workspace 
library(xlsx) 

write.xlsx(mydata, "c:/mydata.xlsx")



Actually Programming in R



Putting It All Together

• We are going to read a CSV file exported from Excel containing fish data 
~7000 records

• The fields are:
• SampleDate
• Species
• Length
• Age
• PITTagCode

• We will put the data into a data frame
• We will calculate basic statistics 
• We will create a series of graphs
• We will explore other graphical possibilities using ggplot2



ggplot2  Resource

This website is a terrific resource for someone trying to learn ggplot2:

http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-
Code.html#Calendar%20Heat%20Map

http://r-statistics.co/Top50-Ggplot2-Visualizations-MasterList-R-Code.html#Calendar%20Heat%20Map


Wrap up and questions



Suggested Reading
• Available at Amazon new, used, and 

in Kindle books
• Written by two people who have 

worked on R for many years
• Best general reference for R I’ve 

found to date:
• Good general advice for 

programming conventions
• Lots of examples
• Clear explanations

• And, get the second edition, it’s a big 
improvement over the first



Suggested Free Online Tutorial

https://www.statmethods.net/index.html

https://www.statmethods.net/index.html


This Photo by Unknown Author is licensed under CC BY-NC-ND

Any 
Questions?

http://www.weightymatters.ca/2010/05/most-important-questions-you-could-ask.html
https://creativecommons.org/licenses/by-nc-nd/3.0/
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