Chapter 2
R Infrastructure

Chapter summary: In this chapter we discuss the practical realities in setting up an
analytical environment based on R, including hardware, software, budgeting, and
training needs. We will also walk through the basics of installing R, R’s library of
packages, updating R, and accessing the comprehensive user help.

Congratulations if you decided to install R! As choices go, this is the best one in
open source statistical software that you could make for at least the next decade.

2.1 Choices in Setting up R for Business Analytics

Some options await you now before you set up your new analytical environment:

2.1.1 Licensing Choices: Academic, Free, or Enterprise
Version of R

You can choose between two kinds of R installations. One is free and open source
and is available at http://r-project.org; the other is commercial and offered by
many vendors including Revolution Analytics. However, there are other commercial
vendors too.

Commercial Vendors of R Language Products:

* Revolution Analytics: http://www.revolutionanalytics.com/

e XL Solutions: http://www.experience-rplus.com/

e Information Builder: http://www.informationbuilders.com/products/webfocus/
PredictiveModeling.html

* Blue Reference (Inference for R): http://inferenceforr.com/default.aspx

* R for RExcel: http://www.statconn.com/
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Enterprise R from Revolution Analytics has a complete R Development environment
for Windows including the use of code snippets to make programming faster.
Revolution is also expected to make a GUI available by 2012. Revolution Analytics
claims several enhancements for its version of R including the use of optimized
libraries for faster performance and the RevoScaleR package that uses the xdf
format to handle large datasets.

2.1.2 Operating System Choices

Which operating system should the business analyst choose, Unix, Windows, or
Mac OS? Often the choice is dictated by the information technology group in
the business. However, we compare some of the advantages and disadvantages
of each.

1. Microsoft Windows: This remains the most widely used operating system on the
planet. If you are experienced in Windows-based computing and are active on
analytical projects, it would not make sense for you to move to other operating
systems unless there are significant cost savings and minimal business disruption
as a result of the transition. In addition, compatibility issues are minimal for
Microsoft Windows, and extensive help documentation is available. However,
there may be some R packages that would not function well under Windows; in
that case, a multiple operating system is your next option.

2. MacOS and i0S: The reasons for choosing MacOS remain its considerable
appeal in esthetically designed software and performance in art or graphics
related work, but MacOS is not a standard operating system for enterprise
systems or statistical computing. However, open source R claims to be quite
optimized and can be used for existing Mac users.

3. Linux: This is the operating system of choice for many R users due to the fact
that it has the same open source credentials and so is a much better fit for all
R packages. In addition, it is customizable for large-scale data analytics. The
most popular versions of Linux are Ubuntu/Debian, Red Hat Enterprise Linux,
OpenSUSE, CentOS, and Linux Mint.

(a) Ubuntu Linux is recommended for people making the transition to Linux for
the first time. Ubuntu Linux had a marketing agreement with Revolution
Analytics for an earlier version of Ubuntu, and many R packages can
be installed in a straightforward way. Ubuntu/Debian packages are also
available.

(b) Red Hat Enterprise Linux is officially supported by Revolution Analytics for
its enterprise module.

4. Multiple operating systems

Virtualization versus dual boot: if you are using more than two operating systems
on your PC. You can also choose between having VMware Player from VMware
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(http://www.vmware.com/products/player/), if you want a virtual partition on
your computer that is dedicated to R-based computing, and having a choice of
operating system at startup. In addition, you can dual boot your computer with a
USB installer from Ubuntu’s Netbook remix (http://www.ubuntu.com/desktop/get-
ubuntu/windows-installer).

A software program called wubi helps with the dual installation of Linux and
Windows.

2.1.3 Operating System Subchoice: 32- or 64-bit

Given a choice between a 32-bit versus 64-bit version of an operating system like
Linux Ubuntu, keep in mind that the 64-bit version would speed up processing by an
approximate factor of 2. However, you need to check whether your current hardware
can support 64-bit operating systems; if so, you may want to ask your information
technology manager to upgrade at least some of the operating systems in your
analytics work environment to 64-bit versions. Smaller hardware like netbooks do
not support 64-bit Linux, whereas Windows Home Edition computers may have
32-bit version installed on it. There are cost differences due to both hardware and
software. One more advantage for 64-bit computing is the support from Revolution
Analytics for its version of R Enterprise.

2.1.4 Hardware Choices: Cost-Benefit Tradeoffs for Additional
Hardware for R

At the time of writing of this book, the dominant computing paradigm is workstation
computing followed by server—client computing. However, with the introduction
of cloud computing, netbooks, and tablet PCs, hardware choices are much more
flexible in 2011 than just a couple years ago.

Hardware costs represent a significant expense for an analytics environment and
are also remarkably depreciated over a short period of time. Thus, it is advisable
to examine your legacy hardware and your future analytical computing needs and
decide accordingly regarding the various hardware options available for R.

Unlike other analytical software that can charge by the number of processors, or
servers, which can be more expensive than workstations, or grid computing, which
can be very costly as well if it is even available, R is well suited for all kinds of
hardware environments with flexible costs.

Given the fact that R is memory intensive (it limits the size of data analyzed to
the RAM size of the machine unless special formats or chunking is used), the speed
at which R can process data depends on the size of the datasets used and the number
of users analyzing a dataset concurrently. Thus the defining issue is not R but the
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size of the data being analyzed and the frequency, repeatability, and level of detail
of analysis required.

2.1.4.1 Choices Between Local, Cluster, and Cloud Computing

e Local computing: This denotes when the software is installed locally. For big
data, the data to be analyzed are stored in the form of databases. The server
version—Revolution Analytics has differential pricing for server—client versions
(as is true for all analytical software pricing), but for the open source version it
is free, as it is for server or workstation versions. The issue of number of servers
versus workstations is best determined by the size of the data. R processes data
in RAM, so it needs more RAM than other software of its class.

Cloud computing is defined as the delivery of data, processing, and systems via
remote computers. It is similar to server—client computing, but the remote server
(also called the cloud) has flexible computing in terms of number of processors,
memory, and data storage. Cloud computing in the form of a public cloud enables
people to do analytical tasks on massive datasets without investing in permanent
hardware or software as most public clouds are priced on pay per usage. The biggest
cloud computing provider is Amazon, and many other vendors provide services on
top of it. Google also does data storage in the form of clouds (Google Storage) and
uses machine learning in the form of an API (Google Prediction APT).

1. Amazon: We will describe how to set up an R session on an Amazon EC2
machine.

2. Google: We will describe how to use Google Cloud Storage as well as Google
Prediction API using packages.

3. Cluster-grid computing/parallel processing: To build a cluster, you need the
RMpi and SNOW packages, plus other packages that help with parallel process-
ing. This will be covered in general detail but detailed instructions for building a
big cluster will not be provided as that is more suitable for a high-performance
computing environment.

2.1.5 |Interface Choices: Command Line Versus GUI. Which
GUI Should You Choose as the Default Startup Option?

R can be used in various ways depending on the level of customization. The main
GUIs suitable for business analyst audiences are as follows:

1. R Commander

2. Rattle

3. Deducer and JGR
4. GrapheR
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5. RKWard
6. Red-R
7. Others including Sciviews-K

The interfaces to R will be covered in detail in Chap. 3, where a detailed description
will also be given of how to access R from other mainstream analytical software
applications like Oracle Data Miner, JIMP, SAS/IML, KNIME, and Microsoft Excel.
In addition to the standard desktop GUI, there are Web interfaces that use R and
command line for default coding.

2.1.6 Software Component Choice

Which R packages should you install? There are almost 3,000 packages, some of
them are complementary, others depend on each other, and almost all are free.

Throughout this book we will describe specialized packages that are best suited
for creating the results of certain analytical tasks. In the R Programming language,
multiple approaches, code, functions, and packages can be used to achieve the
same result. The objective of this book is to focus on analysis rather than the
language, and accordingly we will indicate the easiest approach to accomplishing
the given business analysis task and mention other options and the advantages and
disadvantages of using multiple options and approaches.

2.1.7 Additional Software Choices

What other applications do you need to achieve maximum accuracy, robustness,
and speed of computing and how do you make use of existing legacy software and
hardware to achieve the best complementary results with R?

Once we have covered the basics, we will describe, in Chap. 11, additional tips,
tricks, and tweaks to help you optimize your R code. These include setting up
benchmarks to measure and improve code efficiency and using syntax editors and
integrated development environments.

2.2 Downloading and Installing R

To download and install the open source version of R, visit R’s home page at http://
WWW.r-project.org/.

You will be directed to the CRAN mirror closest to your location. CRAN, which
stands for Comprehensive R Archive Network, is a set of online mirror servers that
enable you to download R and its various packages. The global network thus ensures
a fast, dedicated, reliable network for downloading and accessing software. In this
manner, CRAN guarantees the highest likelihood of availability of R as it is very
difficult to bring down servers of the entire CRAN, but an isolated server might get
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overwhelmed due to traffic (especially at new product release times). It consists of
79 sites in 34 regions. R can be downloaded from http://cran.r-project.org/mirrors.
html.

For Windows-R, installers exist in the form of downloadable binaries. Download
the Windows.exe file and install the program. In addition, read the Frequently Asked
Questions.

On Linux (Ubuntu): To install the complete R system, open a terminal window
and use sudo apt-get update sudo apt-get install r-base.

Debian packages for R are a bit dated, but this is the easiest way to install. The
other way is to modify your source file with a CRAN mirror before running apt-get.
Documentation for this is on the Web site given previously.

Mac OS has a separate, downloadable installer. You will need to refer to the main
R Web site http://www.r-project.org.

The Australian CRAN Mirror can be accessed at http://cran.ms.unimelb.edu.au/
bin/windows/base/README.R-2.15.1 and FAQs at http://cran.ms.unimelb.edu.au/
bin/windows/base/rw-FAQ.html#Introduction.

<CRAN MIRROR>/bin/windows/base/release.htm is the generic link for Win-
dows releases. The latest version was 2.14.1 in January 2012, but this will change
every 6 months.

2.3 Installing R Packages

Unlike other traditional software applications that come in bundles, R comes in the
form of one installer and a large number of small packages. There are an estimated
3,000 packages in R—so if you have a specific analytical need, chances are someone
has created a package already for it. To launch R, simply click the icon that was
created (for Windows users) or type R (at command terminal for Linux users).
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RGui (¢
File Edit View M Packages | Windows Help

Load package...

Set CRAN mirror...
Select repositories...
Install package(s)...
R wversion 2.15.0 s 9e(s)
Copyright (C) 201 Update packages... omputing
ISBN 3—900051—1’.‘!'.?=I .
Platform: x86_64- Install package(s) from local zip files...

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()"' or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type ‘contributors()' for more information and
‘citation()"' on how to cite R or R packages in publications.
Type "demo()' for some demos, 'help()' for on-line help, or
‘help.start() ' for an HIML browser interface to help.
Type 'q()' to quit R.

[Previously saved workspace restored]

>

Type install.packages() or select Install packages from the menu. You will then
be asked to choose a CRAN mirror (or nearest location for download). Click on the
nearest CRAN mirror.
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-
Argentina (Mendoza) [l
Australia (Canberra)
Australia (Melbourne)
Austria

Belgium

Brazil (PR)

Brazil (RJ)
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Brazil (SP 2)
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Canada (NS)

Canada (ON)

Canada (QC1)
Canada (QC 2)

Chile

China (Beijing 1)
China (Beijing 2)
China (Beijing 3)
China (Guangzhou)
China (Hefei)

China (Xiamen)
Colombia (Bogota)
Colombia (Cali)
Denmark

France (Toulouse)
France (Lyon 1)
France (Lyon 2)
Germany (Berlin)
Germany (Goettingen)
Germany (Wiesbaden)
Greece

][ Cancel ]

Click on the package name and on OK to install that package as well as packages
that are required for it to operate (dependencies).
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Packages

5

abc
abd
abind

ACCLMA
accuracy
acepack
aCGH.Spline
actuar

ada

adabag
AdaptFit
adaptivetau
adaptTest
ade4
ade4TkGUI
adegenet
adehabitat
adephvlo
ADGofTest
adimpro

adk

adlift

AdMit

ads

AER

afc

agilp
agricolae
AGSDest
agsemisc
AICcmodavg
AIGIS

AcceptanceSampling

Cancel ]
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Once a package is installed, type library(package-name) to check if it is working.
In this example, we are trying to see if the GUI R Commander has installed.
>library(RCmdr)

(a) Internet: To install a package from the Internet, you can use the following code
as an example for modifying the installation to your needs:
install.packages("bigmemory", repos="http.://R- Forge.R-project.org")
(b) Local file: To set a local source code file (a tar.bz file in Linux or a .zip file in
Windows) set repos = null in
install.packages(pkgs, lib, repos = getOption("repos"), contriburl = con-
trib.url(repos, type)).

Package Troubleshooting and Dependencies

(a) Troubleshooting installations: For purposes of troubleshooting, read the pack-
age documentation as well as the official online R documentation at http://cran.
r-project.org/doc/manuals/R-admin.html#Installing-packages.

Entering ? at the command prompt will give you help query results:

Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTHNL browser interface to help.

Type 'cf)' to guit R.

> ?timeseries

No documentation for 'timeseries' in specified packages and libraries:
you could try '??timeseries’

> ??timeseries

Entering a double question mark gives you more comprehensive help:
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[~ RGui - [R Information]
i File Edit ‘Windows

=164 (64 (2] O]

Help files with alias or concept or title matching ‘timeseries’ using
fuzzy matching:

aplpack::slider.splic.plot.ts

interactive splitting of time series
aplpack: :slider.zoom.plot.ts

interactive zooming of time series

boot::tshoot Bootstrapping of Time Series

car: :Hartnagel Canadian Crime-Rates Time Series

coda: :as.ts.mcmc Coerce mcmc object to time series

datasecrs: :austres Quarcerly Time Series ol tThe Nuwmber or
Australian Residents

dynlm: :dynlm Dynamic Linear Models and Time Series

Regression
Ecdat::Index.Time.Series
Time Series

Ecdat: : Macrodat Hacroeconomic Tiwe Series for the United States
fBasics::boxPlot Time Series Box Plots

fBasics::seriesPlot Financial Time Series Plots

fRasin=s: hasinSrars=s Fasirn Time Series Srarnistins

forecast::Arima Fit ARINA model to univariate time series
forecast::best.arima Fit best ARIMA model to univariate time series
forecast::forecast Forecasting time series

forecast: :forecast.5tructTs

Forecasting using Structural Time Series models
forecast::na.interp Interpolate missing values in a time series
forecast::simulate.ets

(b) Special notes:

1. GTK+ -GTK+ is a special requirement of some GUI packages like Rattle.
To use GTK+ or the package RGTK, you first need to install the dependen-
cies of GTK+ like, for example, Cairo, Pango, ATK, libglade. From the GTK
Web site (http://www.gtk.org/download-windows-64bit.html) you will need
the GLib, Cairo, Pango, ATK, gdk-pixbuf, and GTK 4 developer packages to
build software against GTK+. To run GTK+ programs, you will also need
the gettext-runtime, fontconfig, freetype, expat, libpng, and zlib packages.
It is ideal for the user to avoid troubleshooting problems by getting a Linux-
based system for GTK-based packages; you can do this either by creating
a dual-boot machine or using VMware Player to switch between operating
systems.

2. ODBC: To connect to specific databases, you need to create an ODBC
connection from the driver to the type of database. This will be covered in
detail later.

3. In R we use the “ # ” symbol to comment out sentences. Commenting of
code is done to make it more readable.

(c) Updating packages: You can use the following command to update all packages:
>update.packages()
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2.4 Starting up Tutorial in R

* Get working directory
— getwd()
* Set working directory
— setwd("C:/Users/KUs/Desktop")

e List all objects
- Is()
e List objects with certain words within name (i.e.fun)
— Is(pattern="fun")
e Remove object “ajay”
— rm(ajay)
e Remove all objects
— rm(list=Is())
* Comment code: Use “ #” in front of the part to be commented out.
— #comments

e List what is in an object called ajay. Note: simply typing the name of the object
is sufficient to print out the contents, so you need to be careful when dealing with
huge amounts of data.

- > ajay

- [1]13450

— List second value within an object

— > ajay[2] (note bracket type)

- [1]3>

— List second to fourth values within an object (note colon “:”)

— > ajay[2:4]

- [1]3450

— Look at the class of an object

— class(ajay)

— [1] "numeric" #Classes can be numeric, logical, character, data frame, linear
model (Im), time series (ts), etc.

— Use as(object, value) to coerce an object into a particular class

— ajay=as.data.frame(ajay) #turns the list into a data frame. This will change
the dimensions and length of the object

— Find the dimensions of an object called “ajay”

— > dim(ajay)

- [1]41
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— Find the length of an object called “ajay”
— > length(ajay)
- [1]1

* Suppose we change the object from data frame back into a list; we now have
different dimensions

— > ajay=as.list(ajay)
> dim(ajay)

— NULL

> length(ajay)

- [1]4

* The scope of classes can be further investigated for building custom analytical
solutions, but object-oriented programming is beyond the scope of this book
as it is aimed at business analytics users. Interested readers may consult a
brief tutorial in classes and methods at http://www.biostat.jhsph.edu/~rpeng/
biostat776/classes-methods.pdf and the documentation at http://cran.r-project.
org/doc/manuals/R-lang. html#Objects.

2.5 Types of Data in R

Unlike SAS and SPSS, which predominantly use the dataset/data frame structure
for data, R has tremendous flexibility in reading data. Data can be read and stored
as a list, matrix, or data.frame. This has great advantages for the power programmer
experienced in object-oriented programming, but for the average business analyst
the multiple ways of doing things in R can lead to some confusion and even more
prolonged agony in the famous “learning curve” of R.

The various types of data in R are vectors, lists, arrays, matrixes, and data frames.
For the purposes of this book, most data types will be data frames.

Data frames are rectangular formats of data with column names as variables and
unique rows as records.

For other types of data please see http://www.statmethods.net/input/datatypes.
html and http://www.cyclismo.org/tutorial/R/types.html.

2.6 Brief Interview with John Fox, Creator
of Remdr GUI for R

What follows is a brief extract from a September 2009 interview with Prof. John
Fox, creator of R Commander, one of R’s most commonly used GUISs.

Ajay: What prompted you to create R Commander? How would you describe
R Commander as a tool, say, for a user of other languages and who want to
learn R but are afraid of the syntax?
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John: I originally programmed the R Commander so that I could use R to teach
introductory statistics courses to sociology undergraduates. I previously taught
this course with Minitab or SPSS, which were programs that I never used for
my own work. I waited for someone to come up with a simple, portable, easily
installed point-and-click interface to R, but nothing appeared on the horizon, and
so I decided to give it a try myself.

I suppose that the R Commander can ease users into writing commands,
inasmuch as the commands are displayed, but I suspect that most users don’t look
at them. I think that serious prospective users of R should be encouraged to use the
command-line interface along with a script editor of some sort.

I wouldn’t exaggerate the difficulty of learning R: I came to R—actually S then—
after having programmed in perhaps a dozen other languages, most recently at that
point Lisp, and found the S language particularly easy to pick up.

Ajay: I particularly like the R Cmdr plugins. Can anyone expand the R
Commander’s capabilities with a customized package plugin?

John: That’s the basic idea, though the plugin author has to be able to program in
R and must learn a little Tcl/Tk.

Ajay: What are the best ways to use the R Commander as a teaching tool
(I noticed the help is a bit outdated).

John: Is the help outdated? My intention is that the R Commander should be
largely self-explanatory. Most people know how to use point-and-click inter-
faces.

In the basic courses for which it is principally designed, my goals are to teach the
essential ideas of statistical reasoning and some skills in data analysis. In this kind
of course, statistical software should facilitate the basic goals of the course. As I
said, for serious data analysis, I believe that it’s a good idea to encourage use of the
command-line interface.

Ajay: Do people on the R core team recognize the importance of GUIs? How
does the rest of the R community feel? What kind of feedback have you
gotten from users?

John: I feel that the R Commander GUI has been generally positively received,
both by members of the R core team who have said something about it to me
and by others in the R community. Of course, a nice feature of the R package
system is that people can simply ignore packages in which they have no interest.
I noticed recently that a paper I wrote several years ago for the Journal of
Statistical Software on the Rcmdr package has been downloaded nearly 35,000
times. Because I wouldn’t expect many students using the Remdr package in a
course to read that paper, I expect that the package is being used fairly widely.
[Update: As of February 2012 it has been downloaded 81,477 times.]

For more details on John’s work see http://socserv.mcmaster.ca/jfox/
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2.7 Summary of Commands Used in This Chapter

2.7.1 Packages

R Commander

Rattle

Deducer and JGR

GrapheR

RKWard

Red-R

Others including Sciviews-K
Snow

Rmpi

bigmemory

2.7.2 Functions

* install.packages(FUN): Installs the package named FUN if available.

e update.packages(): Updates all packages on local system.

* library(FUN): Loads the package FUN from local machine to R system.

e 7FUN: Searches for help on keyword FUN.

e 7?7FUN: Searches for comprehensive help on keyword FUN.

* sudo apt-get install FUN: Installs a software called FUN in Linux-based systems.
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