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PROGRAMMINGS C I E N T I F I C  P R O G R A M M I N G

Programmers often use scripting lan-
guages in prototyping environments in
which an algorithm is implemented,
tested, and debugged. They can then
recode this sample implementation in
another faster, and possibly more com-
plex language for actual deployment.
This type of development has been
available to the scientific community
since Perl and other languages first ap-
peared. However, these languages only
offer prototyping for serial (or possibly
multithreaded) programs. Most of the
work in scientific computing today is
done in parallel algorithms, often via
message-passing architectures such as
the message-passing interface, MPI.

While working in the MPICH (MPI
CHameleon) group at Argonne Na-
tional Laboratory, I investigated the
possibility of using Perl and Python to
write MPI programs. Both had inter-
faces to MPI available, but neither of-
fered MPI’s complete functionality. My
colleagues who were involved in craft-
ing the MPI standard considered this
limitation quite severe. At the time, I
had also become interested in a newly
emerging language called Ruby, which
maintains a strict adherence to object-
oriented principles and a clean, intuitive
syntax. The language offered many fea-
tures that I had wanted over the course

of my programming career, and its con-
sistency impressed me. So, putting the
two together, I created MPI Ruby, a
complete binding of MPI to Ruby.

In this article, I will introduce Ruby
and MPI Ruby. You’ll also see demon-
strations of some applications and infor-
mation on the project’s current status and
its availability. I assume that the reader
has a reasonable familiarity with MPI.

Ruby: A clean, object-oriented
scripting language

Yukihiro Matsumoto first developed
Ruby in 1993. Over the last nine years,
it has gained a significant audience in
Japan and is becoming popular in the
US. Ruby is freely available at www0.
ruby-lang.org and runs on many plat-
forms including Unix, DOS, Win-
dows, Macintosh, and BeOS.

Ruby has gained a reputation for be-
ing extremely easy to write and, per-
haps more importantly, easy to read. It
is completely object oriented—every-
thing is an object, even classes, meth-
ods, and operators:

“Hello, World!”.length

returns 13

-2.abs

returns 2

You can probably guess that in the
first example, we’re getting the length
of the string “Hello, World!”, and
in the second, we’re getting the ab-
solute value of –2. That’s part of Ruby’s
easy readability. The OO part of Ruby
comes when you see that what we’re 
really doing in both lines is calling meth-
ods on objects. “Hello, World!”
is a string object on which we’re call-
ing the length()method (parenthe-
ses are optional in Ruby in unambigu-
ous cases). More surprising, though,
might be that –2 is an object, an integer
object, on which we’re calling the
abs() method.

Defining methods in Ruby is similar
to other languages. For example, we
can define a method for computing
factorials as

def factorial(x)
if x == 0 || x == 1
return 1

else
return x * factorial
(x - 1)

end
end
factorial(5)

returns 120

MPI RUBY: SCRIPTING IN A PARALLEL
ENVIRONMENT
By Emil Ong

SCRIPTING LANGUAGES SUCH AS PERL AND PYTHON ARE EX-

TREMELY POPULAR IN MANY AREAS OF COMPUTING, AND THE

SCIENTIFIC COMMUNITY IS TAKING NOTICE. ONE OF THE MOST

FRUITFUL USES OF SCRIPTING LANGUAGES IS PROTOTYPING.

Status and Availability

MPI Ruby in beta and version 0.3 is
available at www-unix.mcs.anl.gov/
mpi/mpi_ruby. Ruby is available at
www.ruby-lang.org.
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Dave’s Sideshow

A brief introduction
It’s a real pleasure to be joining Paul

Dubois on the Scientific Programming
column. I have known Paul for about
seven years—in fact, his columns from
the days of Computers in Physics were
instrumental in introducing me to
new technology and inspiring me to
think about scientific programming in
new ways. I certainly hope to work
with Paul and continue that tradition.

The confessions of a bit twiddler
As they say, the first step to recov-

ery is admitting that you have a prob-
lem—in my case that would probably
have to be some kind of compulsive
bit-twiddling disorder. 

As a programmer, I’ve always been
drawn to topics that pertain to the 
inner workings of software and sys-
tems. For instance, reverse-engineer-
ing copy protection on my old Apple
II, figuring out the operation of CM-5
vector units, or trying to uncover ob-
scure details of dynamic loading. I
suppose some computer scientists
would actively discourage such de-
viant activity. Besides, end users
should never be bothered with such
frivolity (not to mention the fact that
one is never quite sure of its legality
in our glorious post-DMCA era). 

However, it also seems like one of
the most important goals of any scien-
tific experiment is to make sure that
you fully understand the experiment
and the environment in which it is con-
ducted. How do you know that a result
is correct? How do you know whether
a bad result is due to bad physics or a
side effect of the underlying system en-
vironment? How do you know that a
clever parallel algorithm that appears
to work for now won’t fall apart when
you port your code to a new platform?
Such questions are never easy to an-
swer. However, rather than shying
away from seemingly unimportant de-
tails, I’ve always found a little knowl-

edge of bit-twiddling to be rat-
her handy. In the future, I’m
hoping to feature occasional ar-
ticles that explore the deep,
dark mysteries of scientific soft-
ware and systems. Stay tuned.

Ruby
Scripting languages continue

to have increased prominence
in scientific software. Readers of
this column are almost certainly
aware of languages such as
Python, Perl, and Tcl. However,
new scripting languages con-
tinue to emerge. One of these
languages is Ruby, described in more
detail in this month’s article by Emil
Ong—a former University of Chicago
student who started working with
Ruby despite my best efforts to corrupt
him with Python programming. 

Last October, I had the pleasure of
attending the First International Ruby
Conference—an informal affair with
about 40 attendees. Although pre-
dicting Ruby’s future might be impos-
sible, several scientific projects are un-
derway, including MPI bindings and a
matrix package.

Darwin (the operating system)
Having programmed extensively

on Solaris and Linux, I recently de-
cided to take the plunge and buy a
Macintosh running OS-X. Under-
neath the covers of OS-X is Darwin, a
Unix operating system based on
FreeBSD and Mach. Of course, as
with any new machine, the first thing
you must do is figure out how to view
DVDs and how to build shared li-
braries (although not necessarily in
that order). The good news is that
Darwin’s developer tools are free and
include all the standard GNU com-
piler tools. Furthermore, advanced
programming techniques such as
scripting language extensions, dy-
namic loading, and shared libraries all
seem to work. The bad news is that
all of these facilities sufficiently differ
from other Unix variants that you

might have to do a little tweaking of
makefiles and configure scripts to get
them to work (more bit twiddling?). 

If you’re porting code, you probably
want to take a look at Fink, a package
installer, as well as some of the docu-
ments on the Fink homepage (http://
fink.sourceforge.net). This information
was enough to help me port some dy-
namically loadable Python extensions
to Darwin with only a little effort. If
you need to run X applications, XDar-
win can run X11 applications on the
same screen as Macintosh applications
(www.xdarwin.org). Oh, and last but
not least, playing DVDs was easy—
especially considering the mystical
voodoo ritual and IRQ chant I once
had to perform to get a soundcard to
work with Linux.

Of interest
The Fourth O’Reilly Open Source

Conference is coming up this July 
in San Diego (http://conferences.
oreillynet.com/os2002). Having at-
tended several of these conferences, I
can assure you that it’s a great way to
meet other open-source developers
and explore several different software
communities in a single venue. Paul
Dubois has also asked me to mention
the Journal of Object Technology (or
JOT), a new Web publication debut-
ing 1 May. It should come as no sur-
prise that Paul is a member of its edi-
torial board.
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Notice that I called this defining a
method. That’s because there are no
“functions” in Ruby, only methods.
(When we define factorial(), it is
actually a method of the Object
class.) This detail doesn’t have much
effect on how we use top-level meth-
ods, but it makes everything consistent
in that there are only method calls, not
function calls and method calls.

However, because this is a method,
doesn’t it make sense to have it be a call
on an integer? Ruby will let us do just
that—extend any class at any time:

class Integer
def factorial
if self == 0 || self == 1
return 1

else
return self * (self-1).
factorial

end
end

end

5.factorial

returns 120

We can use this technique to define
new classes as well as extend old ones,
as this example shows.

Ruby has a slew of other features,
but to keep this discussion focused on
MPI Ruby, we’ll only look at one more.
Iterators are popular constructs in the
OO world that several languages use,
including C++, Java, and Ruby. Ruby
differs from many other languages,
however, in that it has a special syntax
built around iterators:

x = 0
5.times{ |i|

x += i
}
x = 0 + 1 + 2 + 3 + 4 = 10

In this code, first we set a local variable
x to 0, then we call the iterator

times() on the integer object 5. The
iterator is instantiated by the local vari-
able i in the block (x += i). The re-
sult is that the value of i gets added to
x on each pass of the loop. When the
loop is done, x = 10.

Iterators are a powerful feature of
Ruby that let you do all sorts of things
you wouldn’t expect. For example, we
can get a list of all the factorials from 1
to 8 using iterators:

(1..8).map{ |i| i.factorial }

[1, 2, 6, 24, 120, 720, 5040, 40320]

For those of you familiar with Python,
notice how similar this technique is to
list comprehensions.

This should be enough of Ruby to
get us started. Now, let’s take a look at
how we can write parallel programs us-
ing MPI Ruby.

A first look at MPI programs
in Ruby

MPI Ruby consists of two parts: the
interpreter (mpi_ruby) and the Ruby
module (MPI). mpi_ruby is a simple
MPI program that calls the Ruby in-
terpreter. It initializes and finalizes
MPI, but other than that, it simply
runs Ruby. 

Let’s look at a simple “Hello,
World!”-type example:

Listing 1, hello.rb

1 printf(“Hello, I am %d of 
%d\n”, 

MPI::Comm::WORLD.rank, 
MPI::Comm::WORLD.size)

In Listing 1, we simply have a call to
the Ruby version of the familiar
printf() function in which we print
out a message with the current
process’s rank within the WORLD com-
municator as well as that communica-

tor’s size. The WORLD communicator is
a constant, and like all constants in
Ruby, begins with a capital letter. To
run this program, we execute the MPI
Ruby interpreter on the desired nodes,
passing in the name of the script file as
the argument. Using MPICH, the ex-
ecution might resemble

% mpirun -np 5 mpi_ruby 
hello.rb

Hello, I am 1 of 5
Hello, I am 0 of 5
Hello, I am 4 of 5
Hello, I am 3 of 5
Hello, I am 2 of 5

Notice that writing and running this
script took many fewer lines than C or
Fortran would take. We didn’t have to
call MPI_Init(), declare any vari-
ables, or finalize MPI. Already we’ve
saved five lines of code.

This example program also lets us see
more of Ruby’s OO flavor. I mentioned
that part of MPI Ruby is the MPI mod-
ule. The Ruby module system is similar
to Python modules or Java packages.
The MPI module contains the class
Comm, which encapsulates MPI com-
municators. The Comm class contains the
constant communicator WORLD, which
corresponds to the MPI_COMM_WORLD
communicator in the C version of MPI.
Thus, we can refer to this communica-
tor as MPI::Comm::WORLD in Ruby.
Because the communicator is an object,
we can call methods on it, as in this case
where we call the rank() and size()
methods to get the communicator’s rank
and size.

Now let’s look at an example involv-
ing communication:

Listing 2, basic.rb
1 myrank = MPI::Comm::

WORLD.rank

2 csize = MPI::Comm::

WORLD.size

S C I E N T I F I C  P R O G R A M M I N G
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3 if myrank % 2 == 0 then
4 if myrank + 1 != csize then
5 hello = “Hello, I’m 

#{myrank}, you must 
be #{myrank+1}”

6 MPI::Comm::WORLD.send
(hello, myrank + 1, 0)

7 end
8 else
9 msg, status = MPI::Comm::

WORLD.recv(myrank - 1, 0)
10 puts “I’m #{myrank} and 

this message came from 
11 #{status.source} with 

tag #{status.tag}: 
‘#{msg}’”

12 end

In Listing 2, we save the WORLD
communicator’s rank and size in the
first two lines. Next, all even-num-
bered processes send a message to the
next-higher-ranked process (for exam-
ple, process 2i sends a message to
process 2i + 1) while all odd-numbered
processes receive the message from
their predecessor processes and print it
out. The arguments to the send()
method (line 6) are the message object,
the target process, and a tag, respec-
tively. The arguments of the recv()
method (line 9) are a source process
and a tag, respectively.

This example has some Ruby-specific
syntax, which deserves explanation.
First, we see in line 5 that we have
#{myrank} and #{myrank+1} in
the string hello. When an expression
is inside “#{}” in a string, the expres-
sion is expanded as part of the string in
place. Second, we see in line 9 that on
the left-hand side of the assignment, we
have two variables, msg and status,
separated by a comma. The recv()
method on Comm objects returns an ar-
ray of size 2, with the first element be-
ing the message received and the sec-
ond element being a Status object.
This syntax lets us decompose the array
and assign msg to the first element and

status to the second.
When we run the code, we might

get the following output:

% mpirun -np 6 mpi_ruby 
basic.rb

I’m 1 and this message 
came from 0 with tag 0: 
‘Hello, I’m 0, you must 
be 1’

I’m 3 and this message came
from 2 with tag 0: ‘Hello,
I’m 2, you must be 3’

I’m 5 and this message came
from 4 with tag 0: ‘Hello,
I’m 4, you must be 5’

When we called the send() and
recv() methods, we didn’t have to
specify buffers, byte counts, or types.
Again, this is because in Ruby, everything
is an object. There are no native notions
of buffers or bytes. All classes descend
from the Object class. When I de-
signed MPI Ruby, it was important to me
that this aspect of programming in Ruby
not be lost in the translation, despite the
fact that the C and Fortran versions of
MPI are very much centered around
buffers, byte counts, and data types.
Thus, we were simply able to pass in an
object to send(). We received that ob-
ject as the return value of recv().

At the moment, the only objects that
I have experimented with are data ob-
jects. Sending nondata objects such as
file descriptors and sockets is possible,
but the semantics are not yet well ex-
plored. Passing threads as objects for
thread migration or checkpointing also
offers an interesting area of research. 

In general, most data objects that
you send do not require manually writ-
ing serialization methods. You could
overwrite the default serialization
methods if you wish, though.

Now that we’ve seen what MPI
Ruby code looks like, let’s explore a
real-world application that shows how
easy it is to prototype communication. 

Barnes-Hut particle simulation
The Barnes-Hut algorithm is a

method for computing the interactions
of particles under an arbitrary force. It
is a solution to the classic N-body prob-
lem. The BH algorithm is particularly
well suited to forces that weaken dra-
matically with distance, such as Coulom-
bic or gravitational forces. By using
trees whose leaves are the particles and
whose interior nodes are approxima-
tions of forces exerted by the particles
under them, BH avoids computations
with little effect on the final computa-
tion. For example, if two clusters of
particles are far from each other, we can
approximate one cluster’s forces on the
other by simply assuming that there is
one force vector at the center of the
first cluster’s mass. Placing a tree for a
cluster on each node thus parallelizes
the BH algorithm. Cluster size can vary
depending on the number of nodes. Af-
ter each node calculates its cluster’s ap-
proximation tree, the tree can then be
sent to other nodes that can compute
that cluster’s interactions with their
own. The serial version of the algo-
rithm computes the interactions by tra-
versing the whole tree on one node.

I implemented this algorithm in
MPI Ruby with David Garmire’s help
(he had previously worked on a serial
version in C under Guy Blelloch at
Carnegie Mellon University). I based a
serial version of the Ruby code on this
C code and ran it in the usual Ruby in-
terpreter. The translation from C to
Ruby was fairly straightforward. Of
course, the Ruby code’s performance
was not close to the C code’s perfor-
mance, but it worked. Now, all that re-
mained was to parallelize the code.
Veteran parallel programmers will at
this point say, “Ha!”—parallelizing
code is usually nontrivial to say the
least. However, in MPI Ruby, the task
was simple:
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Listing 3, barnes-hut.rb excerpt

1 computeBH(myTree, myTree)
2 sendTree = myTree
3 ($nprocs - 1).times { |i| 
4 recvTree, status = MPI::Comm

::WORLD.sendrecv(sendTree,
($rank + 1) % $nprocs, 0, 
($rank - 1) % $nprocs, 0)

5 computeBH(myTree, recvTree)
6 sendTree = recvTree
7 }

Listing 3 shows how we could paral-
lelize the code in less than 10 lines. In
the first line, we compute the forces of
the particles in the local cluster on
themselves. Lines 3 through 7 contain
the loop in which we compute all the
forces of the other processes’ particles
on the local cluster. In line 4, we use the
classic send/receive communication
loop; each node receives a tree from its
left neighbor and sends a tree to its right
neighbor. Following the communica-
tion, we compute the forces on the lat-
est cluster to be received by this process
on our cluster. The loop repeats until all
particle interactions are computed.

So, why is this so easy in MPI Ruby
and often so difficult in C? The basic
communication algorithm is likely to be
the same in both versions (it better be—
this is supposed to be a prototype!), so
there’s no added convenience there. In-
stead, the ease of use comes from the fact
that in Ruby, everything is an object and
in MPI Ruby, messages are objects. If we

rewrote this code in C or Fortran, it
would take us a long time to get to line
4, where we just say, “Send this tree and
receive another tree.” We would have to
do recursive packing and make special
data types. MPI Ruby handles this te-
dium for us, because most Ruby objects
are easily marshaled (converted to a byte
stream). I didn’t have to write any ex-
plicit marshaling code for my tree class.

The end result is parallel code,
which shows us the communication al-
gorithm in a clear and understandable
way without bogging us down in bytes
and types. Moreover, we took serial
code and parallelized it in five minutes.
With minimal effort, we could test and
verify that the algorithm worked on a
small data set. Translation to a more
optimized form can now be handled
easily with the assurance that it will
probably work the first time.

Exploiting Ruby’s dynamic
nature

Prototyping is likely to become the
most frequent use of MPI Ruby, but
many interesting applications are pos-
sible because Ruby is a scripting lan-
guage. A colleague at Argonne sug-
gested one of the cleverest examples to
me. A major administrative issue with
parallel programming and development
is process startup. Setting up a job to
run can have high overhead in terms of
computing latency and human time.
Because Ruby is interpreted, it can ex-
ecute Ruby code from a string that is
constructed dynamically or read in
from a file. In fact, the interactive Ruby
interpreter, irb, is itself written in Ruby. 

We can apply this ability to the
process startup problem by starting up
an MPI Ruby process that simply reads
in a program from a socket or a file and
broadcasts it to other nodes that then
run the program as a string. A quick
prototype of such a program—called

RED, the Ruby Execution Daemon—
is included with the MPI Ruby distrib-
ution. Execution times are no different
when programs run under RED, and
startup latency reduces to the time it
takes MPI to transfer the program text.

Many interesting projects could come
from exploiting Ruby’s dynamic nature,
such as an MPI Ruby parallel command
line interpreter or perhaps even genetic
programming. The possibilities are ex-
citing and, as yet, unexplored.

C ompiled languages have ruled the
computing world, but interpreted

and scripting languages have slowly
made an impact. They are widely used
in many areas of computing because of
their fast development times and dy-
namicity. The scientific computing
community now has an opportunity to
exploit the usefulness of these languages
in a parallel environment through MPI
Ruby. Prototyped and even full applica-
tions can be written quickly and easily.
With luck, MPI Ruby is only the begin-
ning. Dynamic and interpreted lan-
guages offer an exciting new world to
explore, and scientific computing can
reap the benefits.
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