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Productivity through High Level Infrastructure
The thesis of this extended abstract is simple. ghHi
productivity comes from high level infrastructureso
measure this, we introduce a methodology that gegend
the tradition of timing software in serial and tdngarallel
modes.

MATLAB code is transformed into parallel MATLAB
code far more readily than traditional approaches

The Star-P 2.3 system appears to the user as allgar
MATLAB” but Figure 1 below shows that architectuyal

We perform a classroom productivity study Star-P is a language agnostic platform. In Star& users

involving 29 students who have written a homework can writet MATLAB codes and add serial and parallel

exercise in a low level language (MPI| message pggsind
a high level language (Star-P with MATLAB clientOur
conclusions indicate what perhaps should be ofelitt
surprise: 1) the high level language is alwaysefasier on
the students than the low level language. 2) They ea
versions of the high level language perform inadéejy
compared to the tuned low level language, but kegesions
substantially catch up. Asymptotically, the analogyst
hold that message passing is to high level langpagailel
programming as assembler is to high level enviranme
such as MATLAB, Mathematica, Maple, or even Python.

We follow the Kepner method [6] that correctly lizas
that traditional speedup numbers without some dision
of the human cost of reaching these numbers candai
reflect the true human productivity cost of high
performance computing. Traditional data compares lo
level message passing with serial computation. i
benefit of a high level language system in placeur case
Star-P running with MATLAB client, and with the befit

of a large data pool: 29 students, each runningstmae
code ten times on three evolutions of the samtdopha,
we can methodically demonstrate the productivigyng.

extensions.

Fig 1: Architecture of the Star-P Platform

MIT Graduate Class Experimental Data

The first author has been teaching a large crostiogeof
graduate students at MIT since 1994 about thetiesaind
myths of high performance computing (see [5]). ide

To date we are not aware of any high level systmm aProud that among his students have been the autfors

extensive and interoperable as Star-P, nor areweeeaof
an experiment of this kind performed with this valki of
data.

Star-P Architecture

The Star-P research project begun at MIT in 1993,31
and is commercialized by Interactive Supercompuyting
founded in 2004 (see [4]). Interactive Supercotimgls
Star-P platform (architecture illustrated below)dissigned
to bring the first two author’'s dream of faster qauting on
larger data sets to the millions of scientists andineers
who wish to concentrate on their specialties rathan take
the time and expense to learn how to write tradéio
parallel programs. In Star-P, MATLAB users insene t
simple characters “*p” to tag large data sizes data
parallelism. Users identify the task parallelism emnh
appropriate with a “ppeval” or parallel evaluatell ca
reminiscent of feval for function evaluation. Thekerial

FFTW, some of the authors of pMATLAB,[7,8] and of
course many of the students who have worked onested
Star-P (a project formerly known as MITMATLAB,
PMATLAB itself, MATLABp, and MATLAB*p) most
particularly the second and third authors.

This course has participated in performance stuakepart
of the development time study experiment of the BPE
program [6]. What has become increasingly cleamfr
these studies is that a few very talented studshts have
the knack, can find ways to improve the performaonte
codes, but even the most talented and inclineldestilend a
great deal of time.

The students were given a by now standard programmi
assignment in parallel computing classes, the two
dimensional Buffon needle problem. A typical pazhll
MATLAB solution in Star-P looked like:
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Fig 2: The Buffon Needle Problem executed by 29 studentisree evolutionary versions of Star-P each exetten times and compared
with MPI runs written by the same students. The migie| timing was 2.8 seconds. We have not here alized per student but we

should report that a handful of students who wottkad achieved what might be considered the optiratiinsec on 4 processors in MPI.
In a boxplot, the blue box ranges from thd'2%® 75" percentiles of the ten data points. The redibnat the median. The whisker is the
full extent of the data omitting outliers which aree red plusses. Writing message passing codeweiedy considered an unpleasant
chore while the insertion of the two characterstiprdly seemed to be worthy of an MIT problem set

function  z=Buffon(a,b,l, trials)

r=rand(trials *n,3);
x=a*r(:,1)+*cos(2*pi*r(:,3));
y=b*r(:,2)+I*sin(2*pi*r(:,3));

inside = (x >= 0) & (y>=0) & (x <= a) & (y <= b);
buffonpi=(2**(a+b) - 1"2)/ (a*b*(1-
sum(inside)/trials));

The serial MATLAB code differs from the parallelen
by the “*p” in red above. We ran each code teres in
three evolutions Star-P. Figure 2 plots the sttglen
timings on 4 processors (ten million trials).

We can only report anecdotal evidence about thealnum
time for all 29 students, but overwhelmingly thadsints
preferred adding the two characters “*p” to thedde as
compared to writing the MPI code. The mean time wa
2.8 seconds on four processors. A handful of thdesits
who were determined to performance tune their Mielec
reached times close to 1 second. Thus the Stgsters
brings users to within 40% of the hand coded optimu
The Star-P design allows for even this overheadéeo
shaved down further in future releases.

To understand scalability, the following times &re

mean run times on the internal version of Staf\We

note that the other versions of Star-P indicateilaim
scalability characteristics:) Each number is therage of
290 runs, 10 runs for each of 29 student codes.

Processors 1 2 4 8
Avg Seconds 57 29 14 0.7
Our view of this experiment is best illustratediashe
cartoon in Figure 3 which follows the productivity
methodology introduced by Kepner and colleagues.

Conclusion

High level systems such as Star-P can allow usensite

in high level languages such as MATLAB thereby
providing the look and feel of a “parallel MATLABh
much the same way that productivity has been obthin

from underneath by faster cpu speeds, users ofFStar
need not change codes between releases, and yén obt
faster execution as the infrastructure continuesgteeeze
out the best performance possible.
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Fig 3: Kepner diagram illustrating the main point of thétudy.
Productivity may be thought of as best slope oa tmthe origin. The
vertical rise in performance of Star-P may be thmuaf as riding the
technology curve as students expended no additieffait. Typical
methodologies only report MPI vs serial on the igaitaxis. The
Kepner methodology provides the means of seeindyztévity on a two
dimensional scatter plot.
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