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Augmenting R with Unix Tools

Andrew Robinson

This article describes a small collection of Unix
command-line tools that can be used to augment R. I
introduce:

make which after judicious preparation will allow
one-word execution of large-scale simulations,
all the way from compilation of source code to
construction of a PDF report;

screen which will permit remote monitoring of pro-
gram execution progress with automatic pro-
tection against disconnection; and

mail which will allow automatic alerting under er-
ror conditions or script completion.

These programs will be part of the default instal-
lations of many flavours of Unix-like operating sys-
tems. Although these tools have many different ap-
plications, each is very useful for running R remotely
on a Unix-like operating system, which is the focus of
their usage in this article.

Regardless of what kind of computer is on your
own desk, you may find these tools useful; they do
not require you to be running a BSD or GNU/Linux
on your own machine.
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R and screen

It is sometimes necessary to run R code that executes
for long periods of time upon remote machines. This
requirement may be because the local computing re-
sources are too slow, too unstable, or have insuffi-
cient memory.

For example, I have recently completed some
simulations that took more than a month on a rea-
sonably fast cluster of Linux computers. I devel-
oped, trialed, and profiled my code on my local, not-
particularly-fast, computer. I then copied the scripts
and data to a more powerful machine provided by
my employer and ran the simulations on R remotely
on that machine. To get easy access to the simula-
tions whilst they ran, I used screen.

screen is a so-called terminal multiplexor, which
allows us to create, shuffle, share, and suspend com-
mand line sessions within one window. It provides
protection against disconnections and the flexibility
to retrieve command line sessions remotely. screen
is particularly useful for R sessions that are running
on a remote machine.

We might use the following steps to invoke R
within screen:

1. log in remotely via secure shell,
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. start screen,

. start R,

2

3

4. source our script with echo=TRUE,

5. detach the screen session, using Ctrl-a d, and
6

. log out.

The R session continues working in the background,
contained within the screen session. If we want to
revisit the session to check its progress, then we

1. log in remotely via secure shell,

2. start screen -r, which recalls the unattached
session,

3. examine the saved buffer; scrolling around,
copying and pasting as necessary,

4. detach the screen session, using Ctrl-a d, and

5. log out.

This approach works best if examining the buffer
is informative, which requires that the R script
be written to provide readable output or flag its
progress every so often. I find that the modest de-
crease in speed of looping is more than compensated
by a cheerful periodic reminder, say every 1000
iteration, that everything is still working and that
there are only n iterations left to run. I have also
been experimenting with various algorithms for R to
use the elapsed time, the elapsed number of simula-
tions, and the number of simulations remaining, to
estimate the amount of time left until the run is com-
plete.

screen offers other advantages. You can manage
several screens in one window, so editing a script re-
motely using, say, emacs, and then sourcing the script
in the remote R session in another screen, is quick
and easy. If you lose your connection, the session is
kept alive in the background, and can be re-attached,
using screen -r as above. If you have forgotten
to detach your session you can do so forcibly from
another login session, using screen -dr. You can
change the default history/scrollback buffer length,
and navigate the buffer using intuitive keystrokes.
Finally, you can share a screen session with other
people who are logged in to the same machine. That
is, each user can type and see what the other is typ-
ing, so a primitive form of online collaboration is
possible.

So, running an R session in screen provides a
simple and robust way to allow repeated access to
a simulation or a process.

More information about screen can be found
from http://www.gnu.org/software/screen/, or
man screen.

In theory, it can do everything, I suppose. I haven't tried.
2Caveat: this function is written to work on bash version 3.1.17
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R and mail

It is very useful to be able to monitor an R session
that is running remotely. However, it would also be
useful if the session could alert us when the script has
completed, or when it has stopped for some reason,
including some pre-determined error conditions. We
can use mail for this purpose, if the computer is run-
ning an appropriate mail server, such as sendmail.
mail is an old email program, small enough to
be included by default on most Unix-like systems,
and featureless enough to be almost universally ig-
nored by users in favour of other programs, such as
mutt, or those with shiny graphical user interfaces.
However, mail does allow us to send email from the
command line. And, R can do pretty much anything
that can be done from the command linel. Of course,
a small amount of fiddling is necessary to make it
work. A simple function will help?. This function
will fail if any of the arguments contain single or
double quotes. So, craft your message carefully.

mail <- function(address, subject, message) {
system(paste("echo '", message,
"'"|] mail -s ', subject,
"' v address, sep=""))

3
We can now send mail from R via, for example,
mail ("andrewr", "Test", "Hello world!")

You can place calls to this function in strategic loca-
tions within your script. I call it at the end of the
script to let me know that the simulations are fin-
ished, and I can collect the results at my leisure. In
order to have R let us know when it has stopped, we
can use a function like this:

alert <- function() {
mail ("andrewr", "Stopped", "Problem")
browser ()

3

then in our script we call
options(error = alert)

Now in case of an error, R will send an email and
drop into the browser, to allow detailed follow-up. If
you have more than one machine running, then call-
ing hostname via system, and pasting that into the
subject line, can be helpful.

Alternatively, you can use mutt with exactly the
same command line structure as mail, if mutt is in-
stalled on your system. An advantage of mutt is
that it uses the MIME protocol for binary attachments.
That would enable you to, say, attach to your email
the PDF that your script has just created with Sweave
and pdflatex, or the cus file that your script creates,

. Your mileage may vary.
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or even the relevant objects saved from the session,
neatly packaged and compressed in a *.RData object.

Different flavours of Unix mail are available. You
can find out more about yours by man mail.

R and make

I have recently been working on bootstrap tests of
a model-fitting program that uses maximum likeli-
hood to fit models with multivariate normal and ¢
distributions. The program is distributed in FOR-
TRAN, and it has to be compiled every time that it is
run with a new model. I wanted to use a studentized
bootstrap for interval estimates, gather up all the out-
put, and construct some useful tables and graphics.

So, I need to juggle FORTRAN files, FORTRAN
executables, R source files, Sweave files, PDFs, and
so on. R does a great job preparing the input files,
calling the executable (using system()), and scoop-
ing up the output files. However, to keep everything
in sync, I use make.

Although it is commonly associated with build-
ing executable programs, make can control the con-
version of pretty much any file type into pretty much
any other kind of file type. For example, make can be
told how to convert a FORTRAN source file to an ex-
ecutable, and it will do so if and when the source file
changes. It can be told how and when to run an R
source file, and then how and when to call Sweave
upon an existing file, and then how and when to cre-
ate a PDF from the resulting IATgX file.

The other advantage that make offers is splitting
large projects into chunks. I use Sweave to bind my
documentation and analysis tightly together. How-
ever, maintaining the link between documentation
and analysis can be time-consuming. For example,
when documenting a large-scale simulation, I would
rather not run the simulation every time I correct a
spelling mistake.

One option is to tweak the number of runs. make
provides a flexible infrastructure for testing code, as
we can pass parameters, such as the number of runs
to perform, to R. For example, with an appropriate
Makefile, typing make test at the operating system
prompt will run the entire project with only 20 simu-
lations, whereas typing make will run the project with
2000 simulations.

Another option is to split the project into two
parts: the simulation, and the analysis, and run only
the second, unless important elements change in the
first. Again, this sort of arrangement can be con-
structed quite easily using make.

For example, I have an R source file called sim.r
that controls the simulations and produces a .RData
object called output .RData. The content is:

randoms <- runif (reps)
save.image ("output.RData")
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Ialso have a Sweave file called report . rnw which
provides summary statistics (and graphics, not in-
cluded here) for the runs. The content is:

\documentclass{article}
\begin{document}

<L<>>=

load("output.RData")

Q@

We performed \Sexpr{reps} simulations.
\end{document}

The latter file often requires tweaking, depending
on the output. So, I want to separate the simulations
and the report writing, and only run the simulations
if I absolutely have to. Figure 1 is an example Make-
file that takes advantage of both options noted above.
All the files referenced here are assumed to be held in
the same directory as the Makefile, but of course they
could be contained in subdirectories, which is gener-
ally a neater strategy.

I do not actually need make to do these tasks, but
it does simplify the operation a great deal. One ad-
vantage is that make provides conditional execution
without me needing to fiddle around to see what has
and has not changed. If I now edit report.rnw, and
type make, it won’t rerun the simulation, it will just
recompile report.rnw. On the other hand, if I make
a change to sim.r, or even run sim.r again (thus
updating the .RData object), make will rerun every-
thing. That doesn’t seem very significant here, but it
can be when you're working on a report with numer-
ous different branches of analysis.

The other advantage (which my Makefile doesn’t
currently use) is that it provides wildcard match-
ing. So, if I have a bunch of Sweave files (one for
each chapter, say) and I change only one of them,
then make will identify which one has changed and
which ones depend on that change, and recompile
only those that are needed. But I don’t have to pro-
duce a separate line in the Makefile for each file.

Also, the Makefile provides implicit documenta-
tion for the flow of operations, so if I need to pass the
project on to someone else, all they need to do is call
make to get going.

More information on make can be found from
http://www.gnu.org/software/make/.
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## Hashes indicate comments. Use these for documentation.
## Makefiles are most easily read from the bottom up, the first time!

# 'make' is automatically interpreted as 'make report.pdf'.
# Update report.pdf whenever report.tex changes, by running this code.
report.pdf : report.tex

O\

\pdflatex report.tex; \
while \grep -q "Rerun to get cross-references right." report.log;\
do \
\pdflatex report.tex; \
done \
)

# Update report.tex whenever report.rnw *or* output.RData changes,
# by running this code.

report.tex : report.rnw output.RData
echo "Sweave(\"report.rnw\")" | R --no-save --no-restore

# Update output.RData whenever sim.r changes, by running this code.

output.RData : sim.r
echo "reps <- 2000; source(\"sim.r\")" | R --no-save --no-restore

HHEHHEEHHEHEHEHEEEHEEEEEEHEEEEHEEHEEHEEEHEEEHE R
## The following section tells make how to respond to specific keywords.
.PHONY: test full neat clean

# 'make test' cleans up, runs a small number of simulations,
# and then constructs a report

test:
make clean;
echo "reps <- 10; source(\"sim.r\")" | R --no-save --no-restore;
make

# 'make full' cleans up and runs the whole project from scratch
full :

make clean;

make

# 'make neat' cleans up temporary files - useful for archiving

neat
rm -fr *.txt *.core fort.3 *” *.aux *.log *.ps *.out

# 'make clean' cleans up all created files.
clean :

rm -fr *.core fort.3 *~ *.exe *.tex *.txt *.lof *.lot *.tex \
*.RData *.ps *.pdf *.aux *.log *.out *.toc *.eps

Figure 1: The contents of a Makefile. Note that all the indenting is done by means of tab characters, not spaces.
This Makefile has been tested for both GNU make and BSD make.
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