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Abstract. The 11c language is the result of our study in the opportu-
nities to extend OpenMP to deal with multi-level parallelism and dis-
tributed memory architectures.

In this laboratory proposal we briefly describe the language, its under-
lying computational model and by one example we illustrate its use. If
accepted, the number of persons representing this project would be one.

1 Introduction

The simplicity of the model and the ease of use are probably the main reasons for
the success of OpenMP. With a relatively short life it has become the dominant
high level tool to develop parallel applications for shared memory architectures.

The 11c language represents the result of our research in the last years toward
extending the OpenMP model. The language preserves the simplicity of OpenMP
and extends the standard with different features. Particularly, the underlying
computational model allow us to target both distributed and shared memory
architectures. The syntax of the language is based in C and as in OpenMP,
parallelism is expressed through the introduction of compiler pragmas in the
code. Wherever it is possible 11c pragmas are compatible with those existing in
OpenMP.

11CoMP, our prototype compiler for the language is a source to source compiler
that translates the C code annotated with 11c pragmas into C code augmented
with calls to MPI [1] functions.

2 1llc syntax and semantics

The OTOSP (One Thread is One Set of Processors) model is the theoretical
computational model underlying the 11c language. In this model the processors
are organised in sets. At any time, the memory state of all the processors in the
same set is identical. An OTOSP computation presumes that all the processors
in the same set have the same input data and the same program in memory.
The initial set is composed of all the processors in the machine. When a set of
processors execute any kind of parallel construct, the set is divided into subsets,
and each processor in a subset establishes a partnership relation with one or



more processors in the complementary subsets. After the execution of the parallel
construct, and to keep the coherence of the memory, each processor exchanges
with its partners the corresponding results. For a detailed description of the
OTOSP model, please refer to [2].

void compute(int np,int nd,double #box,vnd_t #*pos,vnd_t xvel,
double mass,vnd_t *f,double xpot_p ,double xkin_p) {
double x, d, pot, kinj
int i, j, k;
vnd_t rij;

pot = kin = 0.0;
#pragma omp parallel for default(shared)
private(i, j, k, rij, d) reduction(+4+ : pot, kin)
#pragma llc reduction_type (double, double)
#pragma llc result(f[i], nd)
for (i = 0; i < np; i++) { /* Pot. energy and forces */

for (j = 0; j < nd; j++)
£111(35] = 0.05
for (j = 0; j < mp; j++) {
if (i!'=3) {
d = dist(nd, box, pos[i], pos[j], rij);

pot = pot + 0.5 % v(d);
for (k = 0; k < nd; k++) {

fli][k] = £[i][k] — rij[k] = dv(d) /d;
}
iin = kin + dotr8(mnd, vel[i], vel[j]); /+ kin. energy =/
iin = kin % 0.5 * mass;

kpot_p = pot;
*kin_p = kin;

Listing 1. The Molecular Dynamics code in 11c

Given positions, masses and velocities of np particles, the routine shown in
listing 1 computes the energy of the system and the forces on each particle.
The code is an implementation in 11lc of the velocity Verlet [3] algorithm for
Molecular Dynamics (MD) simulation whose Fortran version can be downloaded
from the OpenMP official web site [4].

The parallel for at line 8 indicates that the iterations of the for loop at line
12 can be split among the processors in the current set. Processors are always
available in the OTOSP model to deal with a parallel construct because an
OTOSP machine is arbitrarily large. In a real scenario, when a set of processors
reaches a parallel for construct two situations are possible. The number of
processors in the current group can be larger or smaller than the number of
tasks (in this example, loop iterations) to be done. If there are more tasks than
processors (as is the usual case), the original set will be divided in subsets with
a single processor. Each group (processor) will then compute several tasks. In
the case of more processors than tasks, several processors belonging to the same
set will replicate the computation of the same task.
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Fig. 1. Computational results for the MD algorithm

As we can see in listing 1 11c extends OpenMP syntax and semantic to deal
with distributed memory computing. Whenever an OpenMP pragma with the
required semantic exist we use it (note the use of the omp and 1lc prefixes in
the pragmas). In fact, the clause private in line 9 is kept only for compatibility
with OpenMP, since it is not required because all the storages are private in
the OTOSP model. The reduction clause in line 9 indicates that all the local
values of variables pot and kin have to be added at the end of the loop. This
operation implies a collective communication amongst all processors in the set
and the updating of the variable with the result of the reduction operation.
Since a complete type analysis has not been included in 11CoMP, the type of the
reduction variables must be specified by the programmer. This is the purpose of
the pragma 1lc reduction_type in line 10.

The result clause in line 11 is associated with the parallel for at line 8.
It has the purpose of informing the compiler of the new “ownership” of the part
of the memory that is going to be modified. The clause indicates that the set
of processors that perform thread 7 “owns” (and potentially could modify) the
memory area starting at £[i] and whose size is nd.

Figure 1 shows the results obtained for the MD code on four different plat-
forms: a Cray T3E, a SunFire 6800, and two SGIs models 2000 and 3000. Only
the Cray T3E is a pure distributed memory architecture. In the SGI Origin 2000
exclusive use of the processors was guaranteed during the executions. The results
correspond to np = 8192 particles and 10 simulation steps.

Moreover 11c extends the OpenMP data parallel construct in several ways.
Let us explain some of them.
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2.1 Multi-level parallelism

Multi-level parallelism enables the generation of work from different simultane-
ously executing threads. The exploitation of multiple levels of parallelism has
not been clearly addressed in OpenMP, despite it has been stated as a posi-
tive property [5], [6], [7]. Although nesting of parallel regions is allowed in the
OpenMP specification, most of the compilers simply serialise any nested parallel
region.

#pragma omp parallel for
#pragma llc weight(size[i])

#pragma llc result(res[i], size[i])
for(i = 0; i < 2; i++)
gs(v, start[i], end[i]);

Listing 2. Weighted recursive calls

The parallel for loop in listing 2 appears in ¢s(), a parallel function written in 11c
that implements the widely known Quicksort algorithm and it is an example of
multi-level parallelism. Each instance of gs() makes two recursive calls. Following
the OTOSP model, each recursive call to gs() divides in two the current set of
processors. The divisions proceed until processor sets with size one are reached.

2.2 Load balancing

We can also use the code in listing 2 to explain another capability present in
1lc. When the situation in a parallel for is that the number of processors
available in the set is larger than the number of tasks to compute, a load bal-
ance problem arises. If a measure of the work w; per thread T; is available, the
processors distribution can be adapted to guarantee an optimal mapping. This
is the purpose of the weight clause in line 2 of listing 2. In this Quicksort exam-
ple, the size of the generated sub-vectors are used as weights for the parallel
for. Remember that, depending on the goodness of the pivot chosen, the new
subproblems may require rather different computational efforts.

The semantic of the weight construct is similar to that proposed in [6], but
the mapping is computed differently. In this case we also have to deal with the
additional problem of properly establishing the partnership relation.

The interested reader may refer to [8] to see examples and results that make
use of these features and also others that have not been presented here for the
sake of briefness.

3 Conclusions

The 11c language extends the OpenMP directives with new annotations. An
appealing property of 1lc is that keeping the simplicity of the OpenMP model,



it can be targeted to both shared and distributed memory architectures. From
the sequential program and using OpenMP directives we can, without destroying
the sequential program, produce a new parallel shared memory version. From
the OpenMP program and through the addition of supplementary 1lc direc-
tives, we also can, without destroying the OpenMP program, produce a new
parallel distributed memory version. Still, if the efficiency is unsatisfactory, the
programmer can add explicit MPI send/receive operations.

Furthermore, the language extends OpenMP to deal with multi-level and
pipeline parallelism.

The portability both for the code generated and for the compiler itself have
been two of the goals in the design of 11CoMP. The target architectures where we
have tested our implementations include Cray T3E, SGI Origin, SunFire E15K,
IBM RS-6000 and Intel-based Beowulf clusters.

From the 11c project web page [9], the reader can retrieve additional infor-
mation about the algorithms that we have successfully implemented and tested
using 1lc.
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