


























0-89791-985-8/97 $ 17.00 © 1997 IEEE

Ex.1005 / Page 14 of 18 

On the other hand , the MATLAB version using SPMD message passing, shown in Figure 
4b, demonstrates similar overhead with respect to C versions as in the sequential case. Note, 
however, that as the number of processors is increased, the memory requirement of each 
processor is decreased, and the overhead between MATLAB and C decreases significantly. 
This behavior is consistent with that of the sequential case. In particular, for a 1024 by 1024 
matrix, this MATLAB code exhibits almost linear speedup up to 32 processors, while the C 
versions achieve a slower rate of speedup, and none beyond 16 processors. 

Another MATLAB implementation, based on the distributed matrix paradigm described 
in Section 5.3, removes the overhead due to MATLAB's matrix-vector multiplication. With 
MATLAB 5.0's object oriented features, this code is actually identically to that shown in 
Figure 4a. However, the matrix A and all vectors are, in fact, distributed objects, and 
the code must be run on all processors in a SPMD fashion. Moreover, the multiplication 
operation is actually implemented as a MEX routine handwritten in C with MPI. As a result, 
the communication and computation required by the parallel matrix-vector multiplication 
is folded into a single, more efficient routine. When compared to the MATLAB version with 
message passing, the result is a dramatic increase in performance. In fact, for the 1024 
by 1024 matrix, the performance of this version is virtually indistinguishable from the C 
vers10ns. 

These results demonstrate that the MultiMATLAB system can be an effective platform 
for parallel computing. Message passing in MATLAB offers a flexible means to implement 
different parallel algorithms with the MATLAB language and to achieve substantial perfor­
mance gains over sequential MATLAB. For certain applications, distributed matrix objects 
may offer even better performance with less code change. Finally, MEX routines written 
with parallel C code can offer the performance of stand-alone parallel applications to the 
MATLAB environment. 

7 Previous and Related Work 

The MultiMATLAB project was established in 1995 with the goal of extending MATLAB to 
run over multiple processers. From the beginning, the primary focus was programmability 
within MATLAB with only coarse-grain performance. These efforts culminated in the first 
MultiMATLAB architecture [l]. 

The first MultiMATLAB architecture is different from the newer one described in this 
paper. It is more tightly coupled to MPICH [5] and its underlying P4 [7] layer resulting in 
some performance limitations. It cannot take advantage of vendor specific implementations 
of MPI, such as MPI-F [6], which can offer much better performance. Furthermore, it 
does not permit extensions via parallel MEX routines as described in Section 4. It does, 
however, already provide similar functionality to that shown in Table l. It has been in 
use at the Cornell Theory Center since 1996 and is now available Lo Lhe general public aL 
http://www.tc.cornell.edu/~ anne/projects/MM.html. 

We are aware of two other projects [15, 16, 17] that also attempt to extend the MATLAB 
environment to multiprocessors. Both provide systems built upon PVM, and both expose 
PVM functionality at the MATLAB level. These systems are also designed for coarse-grain 
distributed computing. As far as we know, the architectures presented by these alternative 
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parallel MATLAB systems do not provide support for high-performance parallel routines 
within MATLAB. 

Another related area has been the development of MATLAB language compilers. Given 
that the MATLAB language is used for development by many scientists and engineers, it 
is not surprising that there have been several attempts to compile MATLAB programs into 
production code. In particular, a number of projects have studied and implemented the 
compilation of MATLAB programs into C, Fortran, and C++ [18, 19, 20, 21, 22]. In addition, 
a couple of projects relate to compilation of MATLAB programs into high performance parallel 
code. The Falcon project [18] at Illinois is currently studying compilation of MATLAB into 
High Performance Fortran [23]. RTExpress [24], from ISi, provides a system that facilitates 
the compilation of MATLAB into C with MPI, ScaLAPACK, and other library calls. These 
projects differ from MultiMATLAB in that they do not allow parallel programs to be run 
directly within the MATLAB environment. 

8 Future Directions 

The MultiMATLAB system is a step towards an effective parallel computing environment. 
There are number of promising directions to take to further improve this environment. 

One direction is to provide a full-scale integration of a parallel numerical library, such 
as ScaLAPACK, with the MultiMATLAB system, as discussed in Section 5.3. A number of 
challenges remain in accomplishing this . In particular, efficient parallel numerical libraries 
generally expect data to obey certain distributions and to be stored in certain formats. 
As a result, a distributed matrix may need to be redistributed and stored in a manner 
compatable with the parallel routine. In addition, there are memory management issues . 
High performance parallel routines often destroy input data in order to save memory, contrary 
to normal MATLAB behavior. Parallel MEX routines would need to copy to avoid overwriting 
input data. In general, a balance must be found between the performance offered by parallel 
numerical libraries and the ease of use intrinsic to MATLAB. 

Another promising direction is to develop or integrate a MATLAB language compiler 
with the MultiMATLAB system. As discussed in the previous section, compilation of the 
MATLAB language into C or Fortran has been studied and implemented. This technology 
can potentially be used to compile parallel programs written within the MATLAB language 
into much more efficient parallel MEX routines. 

A further step in this direction would be the automatic parallelization of programs writ­
ten in the MATLAB language. The same technology available in High Performance Fortran 
compilers should be applicable to MATLAB programs with similar annotations. In fact, 
related work [18] suggests that a MATLAB compiler may be able use the higher level of infor­
mation in MATLAB programs to generate even better parallel code. This technology would 
significantly simplify the process of generating efficient parallel MEX routines in MATLAB . 

One final direction is to study the MultiMATLAB architecture on shared memory mul­
tiprocessors. The architecture should be portable to shared memory platforms so long as 
MATLAB can be run on each processor. It has long been argued that shared memory pro­
grams are easier to develop than message passing programs. On such a platform, it would 
be useful to support shared memory programming within the MATLAB language. 
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Conclusion 

We present the MultiMATLAB architecture as a promising design for a parallel numerical 
computing environment. As an extension to MATLAB, MultiMATLAB is able to provide 
users simple but effective access to parallel computing resources in a familiar and widely 
popular environment. This architecture enables MATLAB applications to take advantage of 
high performance distributed memory multiprocessors. Finally, it enables users to rapidly 
develop parallel programs and computations within the MATLAB environment. 
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