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ABSTRACT: The Message Passing Interface (MPI) provides an alternative to multitasking for
parallel processing. This paper discusses some of the pros and cons of using MPI from a user’'s
perspective and a system’s perspective. Sample programs are shown to demonstrate the
strengths and weaknesses of MPI.

Price performance is an important aspect of any computathe processing power available. Part of this scalability is being
tional facility. Harnessing the power of all of the systems able to move an application to different platforms. Without a
provides an effective way of providing cost effective portable interface, this would not be possible.
computing. The purchasing of larger expensive supercomputers
is not necessarily the right approach. Large scale superconr® ~ MPI Components

puters are a very expensive component of a computer facility. MPI is a complete package which is incorporated into the

However, an alternate approach is to purchase smaller higQoyare development process. An environment variable
performance computers and distribute the problem acrosgyp\r HoMmES used to identify the location where MPI is
multiple systems. This provides the potential for high perfor-jnsaiied. This will allow for customized installations of MPI by
mance at an attractive price. installing it in site desired locations. In order to use MPI, the

All discussions contained in this paper are based on an alphgiPIR_HOMEnvironment variable must be set to the root direc-
version of Message Passing Interface (MPI) from Craytory of MPI.

Research Inc. on a C90 system. )
2.1 MPI Directory Tree

1 Whatis MPI? MPIR_HOMHctually is the root directory for the MPI instal-
lation which contains header files, libraries, machine identifica-

Parallel computing is complicated by nature. By distributing tjon file and the mpirun  script. Figure 3 shows the
the problem across multiple systems, the combined computingyp|r_HOMlirectory tree.

power of all the systems can be applied to the problem.
However, individual systems lack the capabilities to synchro-
nize applications and share data between systems. MPI was
developed to address this problem area of parallel computing. include

MPI provides a portable parallel programming environment.
It is intended to provide an interface that is capable of working
on machines with different operating systems and architectures. uti —— machines

Cluster computing takes groups of smaller machines for use| Figure 3.
in distributed parallel computing. The combined computing ) _
power of each system in the cluster contributes to the overall The files for using MPI are located as follows:
performance of applications. Portability plays an important part®(MPIR_HOME)/include/*.h
when working with a cluster of heterogenous systems. Theés(MPIR_HOME)/lib/CRAY/ch_p4/libmpi.a
potential is there for each node in a cluster to be of a differen$(MPIR_HOME)/util/mpirun
architecture. Although portability plays a less important roll on $(MPIR_HOME)/util/machines/machines.CRAY
a homogenous cluster, it is still an important aspect of parallel CRAYrefers to the architecture and the fiteachines.
computing. Applications need to be able to scale to fully utilize CRAYcontains the default information necessary to initiate MPI

MPIR_HOM lib _ CRAY___ch_p4
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processesch_p4 refers to the specify machine type of the 3.1 Constructing Programs

CRAYarchitecture. Since MPI is portable, being able to differen- MPI is not capable of determining how to parallelize an appli-

tiate between machines and architectures is crucial. cation or constructing the appropriate calls to insert into an
. application. This is left as an exercise to the user.

2.2 Header Files

A series of header files for MPI function prototypes and A typical Fortran MPI application will begin with a sequence

. A . : ) of calls similar to the following.
option definitions are provided. These header files are: call MPL INIT(ierr)

binding.h mpi++P.h mpi_errno.h call MPI_COMM_RANK(MPI_COMM_WORLD,myid, err)

mpir.h sbenst.h dmpi.h call MPI_COMM_SIZE(MPI_COMM_WORLD,numprocs,ierr)

mpi.h mpif.h mpisys.h These three calls will perform MPI execution initialization,
dmpiatom.h mpi_ad.h mpiimpl.h process ranking, and establish the size of the process group. The
mpiuser.h mpi++.h mpi_bc.h MPI_COMM_RANK()call will establish the process with the
mpiprof.h patchlevel.h highest rank, the root process.

When the computation is finished, the MPI application needs

2.3  Libraries to be terminated. This is accomplished with the following code

The MPI functions are contained in tlilempi.a library. t:
[l function prototypes and defined function options are segment.
All function  prototyp , = P call MPI_FINALIZE(ierr)
contained in the MPI header files. It is important to include thestq

following library when compiling applications: end
Communication between processes is accomplished through
$(MPIR_HOME)/lib/libmpi.a a series of send and receive operations. The process of rank, the

root process, can broadcast a message to all other processes with
L I . . theMPI_BCAST() call. A sample call to broadcast the variable
MPI applications are initiated by thenpirun script.

: . a to all other processes would be:
Command line arguments define the parallel parameters for the,, o, BCAST(a, cols, MP|_DOUBLE_PRECISION

job such as the number processes to create. master,MP|_COMM_WORLD, ierr)

Since MPI is portable, thapirun script provides the ability The application can also send information from any process
to specify machine type and architecture. This allows applicato all other processes. For example, to setalother processes,
tions to be distributed in a hetergenous computing environmente call might look like:
yet still use a common message passing interface. Althougkall MPI_SEND(a, 1, MPI_DOUBLE_PRECISION, master,
defaults are obtained from a configuration file, the commancanstype,MPI_COMM_WORLD, ierr)
line options allow the defaults to be overriden to maximize the A process can receive messages as well. For example, to
flexibility to fully utilize available resources. receive a message irbaffer , the call might look like:

2.4 mpirun

2.5 Special Files call MPI_RECV(buffer, cols, MPI_DOUBLE_PRECISION,
An MPI application can be customized to run a specific master, MPI_ANY_TAG, MPI_COMM_WORLD, status, ierr)
number of processes on specific hosts. The process group file These calls show a simplistic view of MPI communication.

contains hostnames, process counts :?md location of the execYinere are over 100 different MPI calls for accomplishing all
able. A copy of the executable must exist on each host. A samplgngs of interprocess communication and synchronization.
process group file would be:

host1 2 /homeluser/progl 3.2 Starting Programs
host2 6 /home/user/progl MPI job initiation is accomplished with thapirun shell

This identifies that the MPI application is to utilize two SCript. Command line arguements are processed to customize the

systems with a total of 8 processes along with what the execufunning of the MPI application. For example, suppose the
able is and its location. programmpit is to run with 4 processes on the invoking

It is not a requirement that the executable reside in the samyStem. This is accomplished with:
directory path on both systems. The following examples demon-

strate this: % mpirun -np 4 mpit

hostl 2 /home/user/progl Four process chains are created as a result of this. The first
host2 6 /uluser/progl process chain is derived from the process shell that invoked
3  Using MPI mpirun . Figure 1 shows the process tree hierarchy from the

process invokingmpirun . Take note of the twampit
Parallelizing a code with MPI can be a time consuming andorocesess related as parent and child. The pamgit process
complicated task. MPI consists of a set of functions which arewill create the multiple process streams to be used for computa-
inserted into an application to control interprocess communication. The childmpit process will actually be part of the compu-
tions and degrees of parallelness. tational algorithm.
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tive, manyremsh processes can be expected to be seen on the
Figure 1. csh initiating host if MPI were heavily used.
‘ The number of processes running the application is double
the number of processes requested. However, only the number

mpit .
requested actually perform computational work and accumulate
) cpu time. Figures 1 and 2 show the relationship of all the copies
remsh remsh remsh mpit of the executable.

As aresult of the Bmsh processes, three additional process 3.4 Creating Batch Jobs
chains are formed. Figure 2 shows the process tree associatedRunning an MPI application from a batch job requires no
with each of these 3 process trees. The thmipig processes additional customization. For example, suppose the mpit appli-
cation required 100mw and 4 hours of cpu time. The batch job

Figure 2. might look like:

#QSUB -IT 14400

rshd rshd rsh‘d #QSUB -IM 100mw

csh csh csh mpirun -np 4 mpit

‘ ‘ The only difference between an MPI versus a non-MPI batch
mpit mpit mpit job would be the use @fipirun to start the MPI application.
‘ 4  Problems Encountered

mpit mpit mpit If the rank process abnormally terminated, the remaining

process streams would continue to run. The only way to recover

attached to the bottom of these process trees are used ffoer this problem is to track down and kill all processes on each

erforming the computation System.
P ngt P L Since each process stream is created throeigish , each
The first instance of the application must run on the syste

thatmpi invoked H Il oth tream is itself a session. Therefore any session limits are not
atmpirun -was Invoked on. HOWEVET, all oINer processes can, gy of all the processes performing the work. The end

run-on agernate sysl_tekr]n?j. 'Tht?] control of where ft_lhese pr_(f)_czstsfessult is that a 4 hour job can actually get 4 hours on each process
run can be accomplished In the process group e Speced By o4 The total delivered cpu time will then be the product of
the-p4pg _opt_|on of themp|ru_n C(_)mmand. This is where the 4 hours times the number of processes requestednpition .

power of distributed processing with MPI comes from. SUpp(?S‘“:Furthermore, when the MPI application is run under NQS, the
there were 5 CR.AY J932 systems, all capable of pe_rformmq\lQS gueue limits are not inherited but rather limits from the
computations. This allows for 160 processors to be applied to thﬁdb Software Problem Report (SPR) 98158 was opened to

appllcatlon, wﬂhout_any code changes._The process group f'leaddress this problem and as a result a fix was developed so that
namedpgfile in this example, for running thapit  applica- fork /exec are used on the local system rather theansh .

tion would look like: While this addresses the problem on the local system, it does not

I 32 /home/user/mp!t seem to address processes on remote systems.

J2 32 /home/user/mpit

J3 32 /home/user/mpit 5 Summary

J4 32 fhome/user/ mp!t Cost effective high performance computing is essential to any

35 32 /home/user/mpit computer facility. Advancements in distributed computing are
The new invocation aipirun - would be: making it possible to apply more processing power to an appli-

cation without the costs of purchasing larger and faster computer
mpirun -p4pg pdfile -np 160 mpit systems. By harnessing the computational power of multiple

This provides the computational capacity of 160 Y-MP smaller systems, high performance computing can be accom-

processors to work on a single application. plished with a significant cost reduction.
The Message Passing Interface is playing a key role in the

3.3 Observations development of distributed parallel application development.
Figure 1 shows that processes are startederissh . For The problems of internode communications and synchronization

every process stream requested via-tipe, number of proces- are being solved with packages such as MPI. The portability of

sors, option fompirun , aremsh process is created on initi- MPI makes it possible for the formation of a heterogeneous

ating host. Ashd process then forks a shell process to fork thecluster of compute servers.

executable. If 160 processes were requested, réG8sh Cray Research is evolving MPI into the Message Passing

process would be forked. From a system administration persped-oolkit (MPT). This will address the needs for parallel software
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development with the optimizations necessary to take advantaghttp://www.nas.nasa.gov
of multiprocessor parallel vector processor systems. The parallel efforts at NAS can be found at

The compute environment of the future will most likely be a http://
collection of systems of various architectures. This collection ofiovelace.nas.nasa.gov/Parallel/home.html.
systems may include a high performance vector system, modefne author can be reachectatdo@nas.nasa.gov
ately/massively parallel system, low end pre/post processing
systems, and a cluster of medium ranged systems. Making the%e References
systems work together to solve tomorrow’s problems is a key
challenge. Packages such as MPI could provide the begmnmg_g USING MPI: Portable Parallel Programming with the Message-Passing In-

of rea“ZinQ thi§ future compute facility_capable of delivering  terface william Gropp, Ewing Lusk, and Anthony Skjellum, The MIT
cost effective high performance computing. Press, Cambridge,MA, 1994,

The Numerical Aerodynamic Simulation Facility (NAS) at 2. MPI man pagesCray Research Inc.
NASA Ames Rese'arCh C?nter 1S aCt'V? in pursuing the fUtureﬁ Users’ Guide to mpich, a Portable Implementation of MPI, Patrick Bridges,
of parallel computing. United States sites are welcome to Visit  Nathan Doss, Ewing Lusk, William Gropp, Anthony Skjellum, and Edward
NAS on the World Wide Web at Karrels, 1995.
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