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Abstract. We describe two applications of our HPJava language for
parallel computing. The rst is a multigrid solver for a Poissonequation,
and the secondis a CFD application that solvesthe Euler equations for
inviscid °ow. We illustrate how the features of the HPJava languageallow
thesealgorithms to be expressedin a straightforw ard and convenient way.
Performance results on an IBM SP3 are preserted.

1 Intro duction

The HPJava project [10] has deweloped translator and libraries for a version of
the Java languageextendedto support parallel and sciertic computing. Version
1.0 of the HPJava software wasreleasedearlier this year asopen sourcesoftware.
This paper reports experiencesusing HPJava for applications, with somebenc-
mark results. A particular goal hereis to argue the casethat our programming
model is °exible and corveniert for writing non-trivial scierti ¢ applications.
HPJava extends the standard Java language with support for \scienti ¢"
multidimensional arrays (multiarrays), and support for distributed arrays, famil-
iar from High PerformanceFortran (HPF) and related languages.Considerable
work hasbeendoneon adding featureslike theseto Java and C++ through class
libraries (seefor example [17], [8], [15]). This seemslike a natural approac in
an object oriented language,but the approad has somelimits: most obviously
the syntax tends to be inconveniert. Lately there has beenwidening interest in
adding extra syntax to Java for multiarrays, often through preprocessors.
From a parallel computing point view of an interesting feature of HPJava
is its spartan programming model. Although HPJava intro ducesspecial syntax
for HPF-lik e distributed arrays, the language deliberately minimizes compiler
intervertion in manipulating distributed data structures. In HPF and similar
languages, elemerts of distributed arrays can be accessedon essetially the
same footing as elemerns of ordinary (sequerial) arrays|if the elemen be-
ing accessedesideson a di®erent processor,somerun-time systemis probably
invoked transparently to \get" or \put" the remote elemen. HPJava does not
have this feature. It was designedas a framework for development of explicit li-
braries operating on distributed data. In this mindset, the right way of accessing

! See,for example, the minutes of recert meetings at [12].



remote data is to explicitly invoke a communication library method to get or put
the data.

So HPJava provides somespecial syntax for accessingocally held elemens
of multiarrays and distributed arrays, but stops short of adding special syn-
tax for accessingnon-local elemers. Non-local elemeris can only be accessed
by making explicit library calls. The languageattempts to capture the success-
ful library-based approadesto SPMD parallel computing|it isin very much in
the spirit of MPI, with its explicit point-to-p oint and collective communications.
HPJava raisesthe level of abstraction a notch, and adds excellert support for
dewvelopmert of libraries that manipulate distributed arrays. But it still exposes
a multi-threaded, non-shared-memory execution model to to programmer. Ad-
vantages of this approad include °exibilit y for the programmer, and easeof
compilation, becausethe compiler doesnot have to analyseand optimize com-
munication patterns.

The basic features of HPJava have beendescribed in seweral earlier publica-
tions. In this paper we will jump straight into a discussionof the implementa-
tion of somerepresenativ e applications in HPJava. After brie°y reviewing the
compilation strategy in section 2, we illustrate typical patterns of HPJava pro-
gramming through a multigrid algorithm in section 3. This section also seres
to review basic features of the langauge.Section 4 describesanother substartial
HPJava application]a CFD codeland highlights additional common coding
patterns. Section 5 collects together benchmark results from these applications.

1.1 Related Work

Other ongoing projects that extend the Java languageto directly support scien-
tic parallel computation include Titanium [3] from UC Berkeley, Timber/Spar
[2] from Delft University of Technology, and Jade [6] from University of lllinois
at Urbana-Champaign.

Titanium adds a comprehensie set of parallel extensionsto the Java lan-
guage. For example it includes support for a shared addressspace,and does
compile-time analysis of patterns of synchronization. This cortrasts with our
HPJava, which only addsnew data typesthat canbeimplemented \lo cally”, and
leavesall interprocesscommunication issuesto the programmer and libraries.

The Timber project extendsJava with the Spar primitiv esfor scierti ¢ pro-
gramming, which include multidimensional arrays and tuples. It also adds task
parallel constructs like a foreach construct.

Jade focuseson message-drien parallelism extracted from interactions be-
tweena special kind of distributed object called a Chare. It introducesa kind of
parallel array called a ChareArray. Jade also supports code migration.

HPJava di®ersfrom these projects in emphasizinga lower-level (MPI-lik e)
approadc to parallelism and communication, and by importing HPF-lik e distri-
bution formats for arrays. Another signi cant di®erencebetween HPJava and
the other systemsmertioned above is that HPJava translates to Java byte codes,
relying on clusters of convertional JVMs for execution. The systemsmentioned
above typically translate to C or C++. While HPJava may pay someprice in



performance for this approad, it tends to be more fully compliant with the
standard Java platform (e.g. it allows local use of Java threads, and APIs that
require Java threads).

2 Features of the HPJa va System

HPJava addsto Java a conceptof multi-dimensional arrays called \m ultiarra ys"
(consistert with proposalsof the Java Grande Forum). To support parallel pro-
gramming, these multiarra ys are extended to \distributed arrays", very closely
modelled on the arrays of High PerformanceFortran. The new distributed data
structures are cleanly integrated into the syntax of the language(in a way that
doesn't interfere with the existing syntax and semartics of Javalfor example
ordinary Java arrays are left una®ected).

In the current implementation, the sourceHPJava program is translated to
an intermediate standard Java le. The preprocessorthat performs this task is
reasonably sophisticated. For example it performs a complete static semartic
chedk of the source program, following rules that include all the static rules
of the Java Language Speci cation [9]. Soit shouldn't normally happen that a
program acceptedby the HPJava preprocessomwould be rejected by the backend
Java compiler. The translation schemedependson type information, sowe were
essetially forcedto do a completetype analysisfor HPJava (which is a superset
of standard Java). Moreover we wanted to produce a practical tool, and we felt
userswould not accepta simpler preprocessorthat did not do full cheding.

The current version of the preprocessoralso works hard to presene line-
numbering in the conversion from HPJava to Java. This meansthat the line
numbers in run-time exception messagesaccurately refer badk to the HPJava
source.Clearly this is very important for easydebugging.

A translated and compiled HPJava program is a standard Java class e,
ready for execution on a distributed collection of JIT-enabled Java Virtual Ma-
chines. All externally visible attributes of an HPJava class|e.g. existence of
distributed-array-valued “elds or method argumerts|can be transparently re-
constructed from Java signaturesstored in the classle. This makesit possible
to build libraries operating on distributed arrays, while maintaining the usual
portabilit y and compatibility features of Java. The libraries themselwes can be
implemented in HPJava, or in standard Java, or as JNI interfacesto other lan-
guages.The HPJava language speci cation documerts the mapping between
distributed arrays and the standard-Java componerts they translate to.

Currently HPJava is suppliedwith onelibrary for parallel computingla Java
version of the Adlib library of collective operations on distributed arrays [18]. A
versionof the mpiJava[1] binding of MPI canalsobe calleddirectly from HPJava
programs. Of coursewe would hope to seeother libraries made available in the
future.



3 A Multigrid  Application

The multigrid method [5] is a fast algorithm for solution of linear and nonlinear
problems. It usesa hierarchy or stadk of grids of di®erert granularity (typically

with a geometric progressionof grid-spacings,increasing by a factor of two up

from "nest to coarsestgrid). Applied to a basic relaxation method, for example,
multigrid hugely accelerateslimination of the residual by restricting a smoothed

version of the error term to a coarsergrid, computing a correction term on the

coarsegrid, then interpolating this term badk to the original ne grid. Because
computation of the correction term on the ne grid can itself be handled as a
relaxation problem, the strategy can be applied recursively all the way up the

stack of grids.

In our example, we apply the multigrid sceme to solution of the two-
dimensional Poissonequation. For the basic, unaccelerated,solution scheme we
use red-bladk relaxation. An HPJava method for red-bladk relaxation is given
in Figure 1. This looks something like an HPF program with di®erert syntax.
One obvious di®erenceis that the baselanguageis Java instead of Fortran. The
HPJava type signature double [[-,-]] meansa two dimensional distributed
array of double numbers®. Sothe argumerts passedto the method relax () will
be distributed arrays

The inquiry rng() on the distributed array f returns the Range objects
%, y. These describe the distribution format of the array index (for the two
dimensions).

The HPJava overall construct operateslike a forall construct, with one
important di®erenceln the HPJava construct one must specify how the iteration
spaceof the parallel loop is distributed over processorsThis is doneby specifying
a Range object in the headerof the construct.

The variables i, j in the gure are called distributed index symbols. Dis-
tributed indexesare scoped by the overall constructs that usethem. They are
not integer variables, and there is no syntax to declare a distributed index ex-
cept through an overall construct (or an at construct|see later). The usual Java
scopingrules for local variables apply: one can't for example usei asthe index
of an overall if there is already a local variable i in scope|the compiler doesn't
allow it.

An unusual feature of the HPJava programming model is that the subscripts
in a distributed array elemen referenceusually must be distributed index sym-
bols. And these symbols must be distributed with the essetially same format
as the arrays they subscript. As a special case, shifted index expressionslike
i+1 are allowed as subscripts, but only if the distributed array was created with
ghostregions. Information on ghost regions,along with other information about

2 The main technical reasonfor using double brackets hereis that it is useful to support
an idea of rank-zero distributed arrays: these are \distributed scalars", which have a
localization (a distribution group) but no index space.If we used single brackets for
distributed array type signatures, then double [] could be ambiguously interpretted
as either a rank-zero distributed array or an ordinary Java array of doubles.



static void relax(int itmax, int np,
double[[-,-]1] u, doublel[[-,-1]1 ) {

Range x = f.rng(0), y = f£.rng(1);
for(int it = 1; it <= itmax * 2; it++) {
Adlib.writeHalo(u);

overall(i = x for 1 : np - 2)
overall(j =y for 1 + (i + it) %4 2 : np - 2 : 2) {

u [i, j1 = 0.25 = (£ [i, j1 +
uli-1, il +uli+1, jl1+
uli, j -1 +u [i, j + 1D;

Fig. 1. Red black relaxation on array u.

distribution format, is captured in the Range object assaiated with the array
dimension or index.

These requiremerts ensurethat a subscripting operation in an overall con-
struct only accessedocally held elemerns. They place very stringent limitations
on what kind of expressioncan appear as a subscript of a distributed array. We
justify this by noting that this restricted kind of data parallel loop is a frequertly
recurring pattern in SPMD programsin general,and it is corveniert to have it
captured in syntax. A glanceat the full sourceof the applications described in
this paper should make this claim more plausible?.

The method Adlib.writeHalo() is a communication method (from the li-
brary called Adlib). It performsthe edge-exbangeto 1l in the ghostregions.As
emphasizedearlier, the compiler is not responsiblefor inserting communications|
this is the programmer's responsibility. We assumethis should be acceptableto
programmerscurrently accustomedto using MPI and similar libraries for com-
munication.

Becauseof the special role of distributed index symbols in array subscripts,
it is best not to think of the expressionsi, j, i+1, etc, as having a numeric
value: instead they are treated asa special kind of thing in the language.We use

3 When less regular patterns of accessare necessary the approach depends on the
locality of access:if accessesre irregular but local one can extract the locally-held
blocks of the distributed array by suitable inquiries, and operate on the blocks as
in an ordinary SPMD program; if the accessesare non-local one must use suitable
library methods for doing irregular remote accesses.
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Fig. 2. lllustration of restrict operation

the notation i to extract the numeric global index assaiated with i, say*. In
particular, useof this expressionin the modulo 2 expressionin the inner overall
construct in Figure 1 implements the red-bladk pattern of accesses.

This completesthe description of most \non-obvious" features of HPJava
syntax. Remaining examplesin the paper either recyclethesebasicideas,or just
intro duce new library routines; or they import relatively uncortroversial syntax,
like a syntax for array sections.

Figure 2 visualizesthe \restrict" operation that is usedto transfer the error
term from a ne grid to a coarsegrid. The HPJava code is givenin Figure 3. The
restrict operation here computesthe residual term at sites of the "ne grid with
even coordinate values,then sendsthesevaluesto the coarsegrid. In multigrid
the restricted residual from the "ne grid becomesthe RHS of a new equation
on the coarsegrid. The implementation usesa temporary array tf which should
be aligned with the "ne grid (only a subsetof elemerts of this array are actu-
ally used). The last line introducestwo new features: distributed array sections,
and the library function Adlib.remap(). Sectionswork in HPJava in much the
sameway asin Fortranjone small syntactic di®erenceis that they use double
brackets. The boundsin the fc section ensurethat edgevalues, corresponding
to boundary conditions, are not modi ed. The stride in the tf section ensures
only valueswith even subscripts are selected. The Adlib.remap() operation is
neededbecausein generalthere is no simple relation betweenthe distribution
format of the ne and coarsegrid|this function intro ducesthe communications
necessaryto perform an assignmen between any two distributed arrays with
unrelated distribution format. As another example, the interpolation code of
Figure 4 performs the complemenary transformation from the coarsegrid to
the ne grid.

The basic pattern here dependsonly on the geometry of the problem. More
complex (perhapsnon-linear) equationswith similar geometry could be tackled

4 Early versions of the language used a more convertional \pseudo-function" syntax
rather than the \primed" notation. The current syntax arguably makes expressions
more readable, and emphasizesthe unique status of the distributed index in the
language.



static void restr(int npc, int npf,
double fc [[-,-]], double uf [[-,-]1],
double ff [[-,-]1], double tf [[-,-11) {

Range xf = ff.rng(0), ff = ff.rng(1);
int nc = npc - 1, nf = npf - 1;
Adlib.writeHalo (uf);

overall(i = xf for 2 : nf - 2 : 2)
overall(j = yf for 2 : nf - 2 : 2)
tf [i, j] += 2.0 =
(£f [i, j] - 4.0 * uf [i, j] +
wf [i-1, j1 +uf [i+1, j1+
uf [i, j - 11 + uf [i, j + 11);

Adlib.remap(fc [[1 : nc - 1, 1 : nc - 111,
tf [[2 : nf -2 : 2, 2 :nf -2 : 2]]);

Fig. 3. HPJava code for restrict operation.

by similar code. Problems with more dimensionscan also be programmedin a
similar way.

4 A CFD Application

In this sectionwe discussanother signi cant HPJava application code. This code
solves the Euler equations for inviscid °uid °ow by a nite volume approad.
One version of this code, viewable at http://www.hpjava.org/demo.html also
has a novel parallel GUI implemented in HPJava®.

The Euler equationsare a family of consenation equations,relating the time
rates of changeof various densitiesto divergenceof assaiated °ow “elds. In two
dimensionsthere are four densities|the ordinary matter density, densitiesof the
two componerts of momertum, and the energydensity. The Euler equationscan
be summarizedas a consenation equation for four-componert vectorsU, f and
o

@ + @ + @ = (1)
@ @ O
The °ow variables(f ; g) are related to the dependert variablesU by simple (but
non-linear) algebraic equations. So the set of di®ererial equations is closed.

5 The code is adapted from a version of an original Java code by David Oh of MIT
[16], modi ed by Saleh EImohamed and Mik e McMahon of SyracuseUniv ersity. It is
almost identical to the CFD bendchmark in the Java Grande Benchmark suite, which
came from the same original source.



static void interp(int npf, double[[-,-]1] uc,
double[[-,-]1] uf, double [[-,-]1] tf) {

Range xf = uf.rng(0), yf = uf.rng(l);

int nf = npf - 1;

Adlib.remap(tf [[0 : nf : 2, 0 : nf : 2]], uc);
Adlib.writeHalo(tf);

overall(i = xf for 1 : nf - 1 : 2)
overall(j = yf for 2 : nf - 2 : 2)
uf [i, j1 += 0.5 * (¢f [i - 1, j1 + tf [i + 1, j1);

overall(i = xf for 2 : nf - 2 : 2)
overall(j = yf for 1 : nf - 1 : 2)
uf [i, j] += 0.5 * (¢f [i, j - 11 + tf [i, j + 11);

Fig. 4. HPJava code for interpolate operation.

Two important quantities that “gure in the equations are the pressure,p, and
the enthalpy per unit mass,H, which can be computed from the componerts of
U using the equations of state for the °uid.

4.1 Discretization and numerical integration

The system of partial di®ereriial is discretized by a nite volume approad|
seefor example [7] or [11]. Spaceis divided into a seriesof quadrilateral (but
not necessarilyrectangular) cells labelled (i; j). This reducesthe PDEs to a
large coupled system of ordinary di®ererial equations. Theseare integrated by
a variant of the well-known 4th order Runge Kutta scheme. A single time-step
involvesfour stageslike:

UO

1)

where ® is a fractional value characteristic of the scheme, and

X
Rij (U) = (f tyi g#x) 3)
facesof cell
Here - ; is the volume a cell and #x, +y are coordinate di®erencesbetween

end-points of the face. Since the dependert variables and °uxes are de ned at
cell centers, their valuesat a cell facein equation 3 is are approximated as the
averageof the valuesfrom the two cells meeting at the face.



So at its most basic level the program for integrating the Euler equations
consistsof a seriesof stepslike:

1. Calculate p, H from current U (via equations of state).
2. Calculate f from U, p, H.

3. Calculate g from U, p, H.

4. Calculate R from f, g.

5. Update U.

To parallelize in HPJava, the discretized eld variables are naturally stored in
distributed arrays. All the steps above becomeoverall nests. As a relatively
simple case,the operation to calculate f (step 2) looks like:

Statevector [[-,-]1] U, £, ... ;
double [[-,-]1] p, H, ... ;

overall(i = x for O : imax)
overall(j = x for O : imax) {

double u = U [i, jl.b / U [i, jl.a ; // velocity component
f [i, jl.a =70 [i, jl1.b;

f[i, jl.b=0U [i, jl.ob *xu + p [i, jl ;

£ [i, jl.c = U [i, jl.c *x u ;

f [i, jl.a =H [i, j1 *x u ;

}

The four "elds a, b, ¢, d of Statevector correspond to the four consened
densities. A generalobsenation is that the bodies of overall statemerts are now
more complex than those in the (perhaps arti cially simple) Poissonequation
example of the previous section. We expect this will often happen in \real"
applications. It is good for HPJava, becauseit meansthat various overheads
assciated with starting up a distributed loop are amortized better.

Another noteworthy thing is that these overall statemerts work naturally
with aligned datajno communication is neededhere. Out of the v e stages
enumerated above, only computation of R involves non-local terms (formally
becauseof the use of averagesacrossadjacert cells for the °ow values at the
faces). The code can be written easily using ghost regions, shifted indices, and
the writeHalo() operation. Again it involvesa single overall nest with a long
body. A much-ellided outline is given in Figure 5. The optional argumerts wlo,
whi to Adlib.writeHalo() de ne the widths of the parts ghost regions that
need updating (the default is to update the whole of the ghost regions of the
array, whatever their width). In the current casethese vectors both have value
[1, 1]1|b ecauseshifted indices displaceone site in positive and negative x and
y directions.

The arrays xnode and ynode hold coordinates of the cell vertices. Because
these arrays are constart through the computation, the ghost regions of these
arrays are initialized onceduring startup.



Adlib.writeHalo(f, wlo, whi) ;
Adlib.writeHalo(g, wlo, whi) ;

overall(i = x for 1 : imax - 1)
overall(j = y for 1 : jmax - 1) {

. Set fields of r [i, j] to zero ...

// East face
hy = 0.5 * (ynode [i, j] - ynode [i, j - 11) ;

r [i, jl.a +=hy * (£ [i, jl.a+ f [1 + 1, jl.a) ;
r [i, jl.b +=hy * (£ [1i, jl.b + £ [i + 1, j1.b) ;
r [i, jl.c += hy * (£ [i, jl.c + £ [1 + 1, jl.c) ;
r [i, j].d += hy * (£ [i, jl.d + £ [1 + 1, j1.d) ;
hx = 0.5 * (xnode [i, j] - xnode [i, j - 11) ;

r [i, jl.a -==hx * (g [i, jl.a + £ [i + 1, jl.a) ;
r [i, j1.b -= hx * (g [i, jl.b + £ [1 + 1, j1.b) ;
r [i, jl.c == hx * (g [i, jl.c + £ [1i + 1, jl.c) ;
r [i, j1.d -= hx * (g [i, jl.d + £ [1 + 1, j1.d) ;

. Add similar contributions for S, W, N faces ...

Fig. 5. Outline of computation of R.

We will brie°y discusstwo other interesting complications: handling of so-
called arti cial visoosity, and imposition of boundary conditions.

Arti cial viscosity (or arti cal smaoothing) is addedto damp out a numerical
instability in the Runge Kutta time-stepping scheme, which otherwise causes
unphysical oscillatory modes assaiated with the discretization to grow. An ac-
cepted scheme adds small terms proportional to 2nd and 4th order nite di®er-
enceoperators to the update of U. From the point of view of HPJava program-
ming one interesting issueis that 4th order damping implies an update stencil
requiring sourceelemens o®settwo placesfrom the destination elemen (unlike
Figure 5, for example, where the maximum o®setis one). This is handled by
creating the U array with ghost regionsof width 2.

Implementing numerically stable boundary conditions for the Euler equations
is non-trivial. In our implemertation the domain of cells is rectangular, though
the grid is distorted into an irregular pipe pro le by the choice of physical coor-
dinates attached to grid points (xnode, ynode distributed arrays). HPJava has
an additional cortrol construct called at, which can be usedto update edges(it
has other uses).The at statemert is a degenerateform of the overall statemert.
It only \enumerates" a single location in its speci ed range. To work along the



line x = 0, for example, one may write code like:

at(i = x [01)
overall(j = y for 1 : jmax - 1) {
. assign U [i, j] in terms of U [1i + 1, j], etc ...
}

The actual code in the body is a fairly complicated interpolation basedon Rie-
mann invariants. In general accessto U [i+1,j] here relies on ghost regions
being up-to-date, exactly as for an index scoped by an overall statemen.

5 Benchmark Results

For the two applications described above, we have sequettial and parallel pro-
grams to compare performance. The sequettial programs were written in Java
and/or Fortran 95. The parallel programs, of course, were written in HPJava.
For multigrid we also comparewith an available HPF code (taken from [4]).

The experiments were performed on the SP3 installation at Florida State
University. The system ervironment for SP3 runs were as follows:

— System:IBM SP3supercomputing systemwith AIX 4.3.3 operating system
and 42 nodes.

— CPU: A node has Four processors(Power3 375 MHz) and 2 gigabytes of
shared memory.

— Network MPI Settings: Shared\css0" adapter with User Space(US)commu-
nication mode.

— Java VM: IBM 's JIT

— Java Compiler: IBM J2RE 1.3.1

For best performance, all sequetial and parallel Fortran and Java codes were
compiled using -O5 or -O3 with -ghot or -O (i.e. maximum optimization) °ag.

5.1 Multigrid results

First we presert someresults for the the computational kernel of the multigrid
code, namely unacceleratedred-bladk relaxation algorithm of Figure 1. Figure
6 givesour results for this kernel on a 512 by 512 matrix. The results are en-
couraging. The HPJava version scaleswell, and evertually comesquite closeto
the HPF code (absolute mega®op performancesare modest, but this feature was
obsened for all our codes, and seemsto be a property of the hardware)®.

The °at lines at the bottom of the graph give the sequetial Java and Fortran
performances,for orientation. We did not use any auto parallelization feature
here.

Corresponding results for the complete multigrid code are given in Figure
7. The results here are not as good as for simple red-bladk relaxation|b oth

5 We do not know why the HPJava result on 25 processorsappears to be below the
general trend. However the result was repeatable.



Laplace Equation using Red-black Relaxation

512 x 512
1500

R AR R T 60 HPF
r 1 A&-A HPJava
F o) B Fortran
1250 Pl - o Java
I o ]
o 1000 A
5 L o ]
o ,
Q /
n
g 750 Lk -
2 L i
S 0} ,/A
S L
500\~ A B
250/ A& -
LO / |
ol [ [ [ !
1 4 9 16 25 36

Number of Processors

Fig. 6. Red-black relaxation of two dimensional Laplace equation with size of 5122

HPJava speedrelative to HPF, and the parallel speedup of HPF and HPJava
are lesssatisfactory.

The poor performance of HPJava relative to Fortran in this casecan be
attributed largely to the naive nature of the translation scheme used by the
current HPJava system. The overheadsare especially signi cant when there are
many very tight overall constructs (with short bodies). We saw se\eral of these
in section 3. Experiments done elsewhereg[13] lead us to believe these overheads
can be reduced by straightforward optimization strategies which, howewver, are
not yet incorporated in our source-to-sourcetranslator”.

The modest parallel speedup of both HPJava and HPF is due to communi-
cation overheads.The fact that HPJava and HPF have similar scaling behavior,
while absolute performance of HPJava is lower, suggeststhe communication li-
brary of HPJava is slower than the communications of the native SP3 HPF
(otherwise the performance gap would closefor larger numbers of processors).
This is not too surprising becauseAdlib is built on top of a portabilit y layer
called mpjdey, which is in turn layered on MPIl. We assumethe SP3 HPF is
more carefully optimized for the hardware. Of coursethe lower layers of Adlib
could be ported to exploit low-level features of the hardware (we already did
someexperimerts in this direction, interfacing Java to LAPI [14]).

" There are also likely to be inherent penalties in using a JVM vs an optimizing
Fortran compiler, but other experiments suggestthese overheadsshould be smaller
than what we seehere. The communication overheadsare probably aggravated by a
choice we made in the data distribution format in these experiments. All levels are
distributed blockwise. A better choice may be to distribute only the Tnest levels,
and keep the coaserlevels sequertial. This doesn't require any change to the main
codelonly to initialization of the grid stack. However this wasn't what was done in
these experiments.
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Fig. 7. Multigrid solver with size of 5122,

5.2 CFD results

Figure 8 and givessomeperformanceresults for a version of the CFD code. The
speedupresults are quite reasonable,even for small problem sizes.Presumably
this re°ects the intrinsically greater granularity of this problem, comparedwith
the multigrid case.(In this caseunfortunately we don't have a Fortran version
to comparewith.)

6 Discussion

We illustrated, by a detailed discussionof the coding of two parallel applica-
tions, that the parallel primitiv es introduced in HPJava are a good match to
the requiremerts of various applications. The limitations imposedon distributed
control constructs like overall, and especially the strict rules for subscripting dis-
tributed arrays, may look strange from a languagedesignperspective. But these
features are motivated by patterns obsened in practical parallel programs.

In particular the language provides a good framework for the dewvelopmen
of SPMD libraries operating on distributed arrays. The collective operations
of high-level libraries like Adlib, operating directly on distributed arrays, ab-
stract and generalizethe popular collective operations of MPI and other SPMD
libraries. They also follow in the spirit of the array intrinsics and libraries of
Fortran 90/95 and HPF. The languageresenbles HPF in various ways. But the
programming model is closerto the MPI style. MPI programming seemgo have
beenmore popular in practice than HPF, perhapsbecausdt givesthe program-
mer cortrol over communication, and it allows the programmer to estimate the
cost of his program by looking at the code. We claim these as advantages for
HPJava, too.
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Fig. 8. CFD with size of 256°.

In its current stageof developmert HPJava, like HPF, seemsmost naturally
suited for problems with someregularity. This is not to say that more irregular
problems can't be tackled. But doing so will at least need more specialized
communication library support.

We have alsoshown that the performanceof the initial implemertation of HP-
Java is quite promising®. The current implementation providesfull functionality,
but it has not been seriously optimized. There is scope for dramatic improve-
mernts in exciency [13]
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