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Building portable
applications for
diverse systems

William L. George, John 6.
Hagedorn, and Judith E. Devaney

odern computing centers typical-
ly provide users with a variety of
computing resources, ranging from
single-processor workstations to
high-performance parallel computers. In-
creasingly, this mix also includes Beowulf
class machines— clusters of commodity

. PCs configured to operate as parallel com-
. puters. The Message Passing Interface

(MPD) library, which provides C and For-
tran interfaces to routines for sending data
(messages) between processors, was de-
signed to implement portable applications
for diverse systems such as these.
Although parallel computations are nor-
mally run on single parallel computers,
there is often a need to harness the re-
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sources of multiple clusters and parallel
computers, forming what we call “multi-
clusters” to perform a single computation.
(For information on related technologies,
see the accompanying text box entitled
“‘Multicluster Environments.”) This might
be required, for example, for simulations
that are too large to be performed on any
available individual parallel machine. In-
teroperable MPI (IMPI) provides a means
of accomplishing this with minimal effort
on the part of application programmers.
IMPI is a set of protocols— implemented
within an MPI library— that let multiple
MPI libraries cooperate, acting like a sin-
gle MPI library for programs running on
a multicluster. The IMPI protocol specifi-
cation is available at http://impi.nist.gov/
impi-report/index.html. In this article, we'll
examine IMPI and provide examples of
how it can be used. For background on
parallel architectures and programming,
see the accompanying text box entitled
“Basic Parallel Architectures and Pro-
gramming.”

A Crash Course in MPI

For readers unfamiliar with message pass-
ing, we'll briefly describe some basics of
this programming style using C and MPI.
Assuming you are running a program us-
ing P processes, each process will be iden-
tified in calls to MPI by an integer rank
from 0 to (P-1). Listing One, for instance,
sends an integer from the lowest rank pro-
cess to the highest rank process.

Once this program is compiled and
linked to the MPI library (-Impi), it can
be executed by a command-line utility
program provided with the MPI library.
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Often this utility is named “mpirun.” As-
suming our executable is named “pro-
graml” and -np is the command-line
switch for specifying the number of MPI
processes (this syntax varies between MPI
implementations), the command line to
run our program with eight MPI processes
could look like: mpirun -np 8 program1.

In Listing One, the MPI_Init and MPI_Fi-
nalize calls are required in all MPI programs.
No calls to MPI routines can be made be-
fore the call to MPI_Init or after the call to
MPI_Finalize. To get the rank of the lo-
cal process, you call MPI_Comm_rank. To
get the total number of processes, call
MPI_Comm_size.

In most MPI routines, an MPI com-
municator is a required parameter. A
communicator describes a set of pro-
cesses (including the assignment of ranks
to those processes) and defines a sepa-
rate communications context. A message
sent using one communicator can only
be received by a call using the same com-
municator. The predefined communicator
MPI_COMM_WORLD simply includes all
of the processes; however, subsets of
MPI_COMM_WORLD are possible.

In Listing One, the communication is per-
formed with the most basic MPI communi-
cations routines MPI_Send and MPL_Recu.
The parameters to these routines describe
the message to be sent/received (message,
count, and MPL_INT), the rank of the des-
tination process (dst for MPI_Send) or source
process (src for MPI_Recv), an arbitrary tag
value, and an MPI communicator for mes-
sage matching. The status parameter to the
MPI_Recv routine holds details of the mes-
sage once it has been received.
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Sy where does IMPI fit inta: all of this?

At the sourcescode level, an IMPI program
is simply an MP] program. Adding IMP1
support to an MPI library does not add,
remove, or change any user-level MPI rou-
Hnes. However, there can be some addi-
tional considerations to ke oo account
when writing an MP1 program that is
specifically designed to run on a hetero-
geneous collection of parallel machines.

Starting an IMP| Program
When running an MP1 program on a mul-
ticluster with TMPL each cluster or pec-
allel machine in the mulicluster is re-
fermed 1o as an IMPI client. Before running
the program, users must decide on an or-
der for these clients. This ordering de-
termines the ranking of the processes in
MPI_COMM_WORLD such that the ranks
af the processes in client 0 are the lowest
runks, followed by the ranks of the po-
cesses in client 1, and s0 on. This client
panle must be 2 number from (010 1 less
than the number of clients.

Normally, an MPI program is started
with a cammeand such as: mpiror -2 <N=

[FPOETA- e GUs, where <N> is the
number of processes to use. To run an
MPI! program using IMPL on a multiclus-
ter, an IMPI server process must first be
started using the commuand mpiran -sen-
ot =eopenr>, where <connf> is the num-
ber of IMPI clients that will be stared. The
IMPI server is the rendezvous point for
the IMPI clients and acts as a relay be-
rween the clients during the startup of
the IMPI program. The IMPI server will
print 1o the terminal a string such as
192.168.0,1:12345, which gives the P ad-
dress and the port number of the IMPI
sepver. This information, in this exact form,
is needed to start the clients, Onee the
IMP] server % nunning, each of the clients
can be started with o command of the
form: miptrin -client <G> <host:port>
<pest>, where <€ is the client number,
<hastport=> is the rendezvous information
lrom the IMPI server, and <rest> s the rest
of the standard mpimn command line
Once an MPL program has starred, all
af the processes from all of the IMP1 chents
are included in the MPI communicator
MPL COMM_WORLD, and they are ranked

bt dhessine (o run MPL progaaims across
heterngeneous sets of clusters has

been around since the introduction

of MPI1, and other projects have pro-
vided this capability in different ways.
For éxample, two portable and freely
available implementations  of MFPT,
MPICH (see “A High-Performance,
Portable implementation of the MPI
Message Passing Interface Standard,” by
William Gropp, Ewing Lusk, N. Doss,
and Anthony Skjellum, Pareailel Com-
puting, September 1996, hitp://www-unix
mes anl.gov/mpi/mpich), and LAM

(hitpy// weww lam-mpi.org/) are capable
of running programs across heteroge-
neous clusters of machines, so long as
you use the same library (MPICH or
LAM) on each of the clusters. Another
MP1 libriry, MagPle (sce ‘MagPle: MP1's
Collective Communication Operations
for Clustered Wide Area Systems.” by
Thilo Kielmann, Rutger EH. Hofman,
Henri E. Bal, Aske Flaat, and Rapul AE
Bhoedjang, Setenth ACM SIGPLAN Symi-
pastum on Principles and Practice of
Parailel Programming [PPOPP99], May
19997, is based on the MPICH source
code and contains updated implemen-
ttions of the MPI collective commuri-
cations routines that are optimized for
operation over WANs. All of these solu-
tions, however, preclude you from us-
ing the vendor-tuned MPI libraries, thus

Multicluster Environments

sactificing performance within each par-
allel machine or cluster.

The MPI-Connect priject (see “MPL
Inter-connection and Control,” by GE.
Fagge amel K.S. London, Technical Report
Tiech Rep, 98-42, Corps of Enginecrs Wa-
terways Experment Station Major Shared
Resource Center, 1998) used another
message passing brary—PVM, shor for
“partable virual machine” (PVM: Par-
ailel Virtual Machine, A User's Guide
aniel Tratorial for Networked Parallel Com-
pittingg, by Al Geist, Adam Beguelin, Jack
Dongarra, Weicheng Jiang, Robert
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Manchek, and Vaidy Sunderam, MIT
Press, 1994) o cONNECt Processes un-
der the control of different MP1 librares.
While this lets you use the vendor MP]
libraries on each of the machines, MPI-
Connect does not allow the use of any
of the MPI collective operations, such
a5 broadeast o reduce. Onoa larger
scale, the Global Grid Forum Chttp://
woww. gridfanmm.ong’) is coordinating a
set of projects that will make comput-
ers, and other resources such as large
databases, telescopes, wind tunnels, par-
tlele avceleratars, and the like, available
for use remotely and in concert Many
issues such as user authentication, re-
source scheduling, and security are be-
ing investigated by this forum.

—WLG, J.GH, JED,

P Dobb's fourned, February 20004
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