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Introduction:

OpenFPM core

C++ Template Metaprogramming

Fig 1: OpenFPM [1] is a general-purpose software platform for scalable parallel numerical
simulations using particle and particle-mesh methods. Client codes (top row) from various
application domains, from biology over image processing to fluid mechanics, access the
distributed data structures of the OpenFPM core and the numerical solvers of OpenFPM-
numerics via standardized APls. C++ Template Meta Programming is used for compile-time
code targeting to different hardware platforms.

NEW: Multi-(CPU/GPU) support:

Non-kernel based: (Multi-CPU)

y Box<2,double> domain({0.0,0.0},{1.0,1.0});

$ Ghost<2,double> ghost(0.1);

{ size_t bc[2] = {NON_PERIODIC,NON_PERIODIC};

¢ vector_dist<2,double,aggregate<double[2]>> vd(1000,domain,bc,ghost);

¢ auto it = vd.getDomainlterator()

¥ while (it.isNext())

£ {

auto p = it.get();

vd.getPos(p)[0] = rand() / RAND_MAX;
vd.getPos(p)[1] = rand() / RAND_MAX;
++it;

X }

F vd.map();

I vd.ghost_get<>();

§ auto NN = vd.getCellList(0.1);

$§ auto it = vd.getDomainlterator()

¥ while (it.isNext()

F {
auto p = it.get();
Point<2,double> xp = vd.getPos(p);
Point<2,double> force_tot({0.0,0.0});

auto NN_it = NN.getNNIiterator(NN.getCell(xp))
while (NN_it.isNext()

{
auto g = NN_it.get();
Point<2,double> xq = vd.getPos(q);
force_tot += (xp - xq) / norm2(xq - xp) * exp( - norm2(xq - xp) / 0.03)
++NN_it;
}

vd.getProp<0>(p)[0] = force_tot.get(0);
vd.getProp<0>(p)[1] = force_tot.get(1);

Sub-sub-domain Ghost layer

Fig 3: Sketch of the domain decomposition of the
data structures from Fig. 2. In OpenFPM, the
simulation domain is first divided into sub-sub-
domains (small squares). From that, a
communication adjacency graph is created and
partitioned into subgraphs using the METIS graph-
decomposition library. Sub-sub-domains are then
merged to larger sub-domains (bold lines) in order
to reduce data fragmentation. Communication
between neighboring processes is handled by
ghost layers (a.k.a. halo layers) around each set of
subdomains assigned to the same processor
(shaded areas shown for the red processor).
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Fig 2: Example of particle (left) and mesh (right) data structures distributed across 3 processes in 2D.
Project Goals:
1) Reduce development times for parallel numerical simulations from years to days [4].
2
3

4

Make HPC more accessible to computational scientists without parallel programming expertise [4].
Improve portability and reproducibility of numerical simulations in scientific computing [3].

)
)
) Provide a successor for the classic PPM library (Fortran95, [2]) that uses modern software engineering
principles and relaxes PPM’s most salient limitations.

uously
adjusts the data distribution (example: SPH dam break, see below).

5) Enable transparent accelerator programming using domain-level abstractions [4]. Fig 4: Runtime adaptive domain decomposition contin

kernel based: (Multi-CPU/GPU) Methodology / Approach:

- vd.deviceToHostPos()
" vd.map(RUN_ON_DEVICE);
3 vd.ghost_get<>(RUN_ON_DEVICE);

OpenFPM provides scalable distributed and parametric data-structures using C++
Template Meta Programming. Code targeting to different hardware platforms (CPU/GPU/
Accelerators) is transparently supported for particle and mesh methods (see examples on the
left). All data-structures can be used in arbitrary dimensions and particles/meshes (Fig. 2)
can store scalars, vectors, and tensors of any rank and any custom data type (i.e., any C++
class). OpenFPM automatically distributes the data structures across multiple machines by
decomposing the simulation domain (Fig. 3). It provides transparent communication
abstractions, remote information query, and dynamic runtime load balancing (Fig 4).

} auto NN = vd.getCellListDevice(0.1):
§ auto it = vd.getDomainlteratorDevice()
i KERNEL_LAUNCH(calc_forces,ite.wthr,ite.thr,vd.toKernel(),NN.toKernel

0)

template<typename vector_type, typename NN_type>
__global calc_forces(vector_type vd, NN_type NN)
{

auto p = GET_PARTICLE(vd);

Point<2,double> xp = vd.getPos(p);
Point<2,double> force_tot({0.0,0.0});
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force_tot += (xp - xq) / norm2(xq - xp) * exp( - norm2(xq - xp) / 0.03)

++NN_it;
}

vd.getProp<0>(p)[0] = force_tot.get(0);
vd.getProp<0>(p)[1] = force_tot.get(1);

LEFT: Code example to show a particle calculation on different types of hardware. The first loop
initializes the particles at random positions using a particle domain iterator. The colored part of
the code is shown in three variants: distributed-memory parallelism without kernels (multi-CPU),
kernel-based code akin to CUDA, and a kernel-free accelerator version using lambda
expressions and template parsing to enable direct mathematical input instead of loops. Color
codes are according to the legend below:

Vectorize (like atlab, numpy): CPU/GPU

} vd.deviceToHostPos()
j vd.map(RUN_ON_DEVICE);
f vd.ghost_get<>(RUN_ON_DEVICE);

- Serial/algorithm instructions
- Parallelization multi-CPU/GPU instructions

£ auto NN = vd.getCellListDevice(0.1);

t auto kernel = [J(Point<2,double> & p, Point<2,double> & q) -> Point<2,double>

1 +HY k {return (xp - xq) / norm2(xq - xp) * exp( - norm2(xq - xp) / 0.03)}
: }  auto Force = getV<0>();
3 ) 1 orc gpyernlinu(d:N',er'\Iq)_r - - Accelerator/GPU instructions
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In blue we show the performance of OpenFPM, in red we compare with other
frameworks. top-middle: LAMMPS, top-right: AMReX, bottom-left: DualSPH

The project is open source and available at:

openfpm.mpi-cbhg.de
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