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Mission

« To provide high-fidelity multi-physics
simulations to the accelerator physics
community

- Including space-charge, electron-cloud,
wakefields, beam-beam, nonlinear optics, etc.

 In order to do this, we will

- Avoid “re-inventing the wheel”
« worse, avoid “re-inventing the sledge”
- Use state-of-the art tools and techniques

« Especially those provided by the Computer
Science/Applied Math community



Parallel computers, large and
small

In order to enable leading-edge simulations, we focus on large-scale parallel
computations. However, we must also consider the entire spectrum of current
parallel computing

Desktop machines (even laptops) are increasingly including
multiple processors/cores

with commodity (gigabit)
or high-end (Myrinet, Infiniband)
interconnects

Small to large
Linux clusters

Massively parallel supercomputers with
specialized networking hardware and
topologies




Frameworks from SciDAC1
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SciDAC2: Component-based
architecture

While Synergia2 and ML/l have demonstrated that it is possible to
integrate existing beams physics modules, it was (and is) hard work.

The Common Components Architecture (CCA) Forum aims to make
the process of creating true component-based scientific software
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See: Doug Dechow, Poster THPASO019:
A Beam Dynamics Application Based on the Common Component Architecture



Poisson solvers

Prototypical element of collective effect simulation
Poisson solver
se space charge as an example application
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Parallel FFT-based Poisson

solvers
e IMPACT

- F90
- State-of-the-art for a long time

« established, benchmarked

e New FFTW-based solver

- C++

- Uses FFTW3.2 (currently in alpha release

« First FFTW3 with MPI parallelism
e “Fastest Fourier Transform in the West”

« Actively maintained
- widely used, tested

- Can also use FFTW?2
* previous stable parallel FFTW



FFTW-based solver
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Performance for single revolution
of FNAL Booster:

32x32x256 grid

~1M particles

96 space-charge kicks

48 dual 2.4 GHz Linux boxes
Myrinet interconnects

Fully integrated in
Synergia?2

~25% faster than IMPACT
solver on 1 processor
Decent scalability

- single processor
performance is the
enemy of scalability(!!)

Can use arbitrary grid
shapes — not limited to
powers of two!



FiInite Difference Poisson Solver

FFT-based solvers are fast, but have
limitations

- uniform grids

- simple boundary conditions

Finite difference solvers reduce to linear
algebra

- Vast literature on parallel linear algebra

« and libraries!
« Multigrid method is theoretically optimal

- Much greater flexibility in grids, BCs



PETSc-based multigrid solver

« PETSc, the Portable, Extensible Toolkit
for Scientific computation

- state-of-the-art for parallel linear algebra
(and more)

- uniform interface to a wide variety of solvers
- collaborators

» Our first PETSc-based solver implements
a dual-density grid

- efficient compromise between inefficient
uniform grids and Adaptive Mesh Refinement
(AMR) which would add substantial overhead



PETSc-based multigrid solver
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PETSc-based multigrid solver
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away by Poisson operator




Solvers aren't the end of the
IMPACT solver StO ry “communication”

32x32x256 grid is above and beyond

1M particles single space charge step solver communication
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Parallel decomposition schemes

 Particle/field decomposition

- spatial decomposition of fields

- spatial decomposition of particles

« performance depends on physics
- used in IMPACT

* Field decomposition

- spatial decomposition of fields

- particles uniformly, randomly distributed
« performance independent of physics
- currently used with new FFTW-based solver



Particle/Field Decomposition

« Communication pattern consists of many small point-to-
point communiations

« Benchmarking verifies that the performance is limited by
latency ' ' ' ' ' ' ' '
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Particle decomposition

 No particle movement necessary
- Charge density requires gather
- Electric fields must be scattered

e Collective communications on few large
messages

- less sensitive to latency
« better on commodity networks
- takes advantage of optimized MPI collectives

e particularly on supercomputing platforms such as
BlueGene




MPI| collectives subtleties

e Open MPI 1.0

gather

— Open MPI 1.2.1
0.40 - - MPICH2
------ Open MPI 1.0.2

« Open MPI 1.2

- not optimized on all
collectives

48 dual 2.4 GHz Linux boxes
Myrinet interconnects
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- naive collectives
e Open MPI'1.2

- improved collectives

MPICH2

- less convenient, etc.
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Conclusions

« COMPASS collaboration will build efficient,
parallel platforms to perform next-
generation multi-physics simulations
- Build upon successes of SciIDAC1 project
- Component technology

- Emphasize CS/Applied Math input (CCA,
PETSc, FFTW)

e state of the art

* Next-generation solver development
underway

- FFTW-, PETSc-based solvers implemented





