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* |t exists a continuous demand for

1. more computational resources to perform larger and
more accurate simulations,

2. faster computations to perform more simulations in less
time.

I High Performance Computing provides a
possibility to meet those requirements.
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Maxwell Equations \
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E7 B coupled nonlinear equation system J, 1Y

Newton-Lorentz Equations
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Cluster of Workstations

interconnection network

Multiprocessor Supercomputer

» The Parallelization of the field solver requires a geometri-
cal partitioning of the computational domain.

BN

 Assignment of particles to processors is critical for
simulation efficiency.

coupled assignment uncoupled assignment
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+ local gather/scatter phases + balanced load

- imbalanced load - nonlocal gather/scatter phases

©
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Advance fields
F) _, Flntl)
B _, Bn+)

Perform load
balancing if
necessary.

¢

currents to grid

Extrapolate

(scatter).
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Push particles
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Exchange field DOFs

at subdomain
boundaries.

¢

Interpolate fields
to particles
(gather).
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» How should the particles be assigned to the available

processors?
Objective Function
minimize F = ) (max{w%“)(z‘T)erg“)(iT)}
ir=1 o
+ max{w(i")(i )+ () (5 }
! a5 (i) +wp™ (ir)

+ max {w%ﬁ(z@)})

Nr - total number of timesteps

wl)(ir) - Time needed by processor i, to complete phase ... in
time step iy .
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* Assumptions:

7 Tir) >

- Field solver is ideally balanced.

- Migration costs are neglected.
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F= Z max{ T) wg")(iT)}

ir=1

wi (ir) = 8-l (ir)

wiF )=y Y (AR i) + R i)
j'/r:l
Jr Fix

* Assumptions:
- Field solver is ideally balanced.
- Migration costs are neglected.

- For the particle pusher and the gather/scatter costs a
linear dependency is assumed.

- Computational environment is a homogeneous cluster.
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Firstcase v > (3 :

It is optimal to choose the coupled assignment and
- accept the unbalanced load for the particle pusher.




First case v > 3 : Second case ¥ < 3:

i It is optimal to choose the coupled assignment and il 1. Sort processes such that

§ - accept the unbalanced load for the particle pusher. § rle) < U i g e[1,., Ny tin < i,

g ¥ where ) describes the number of particles depending
3l 3l on field DOFs from processor i .
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Second case 7 < [: Second case 7 < (7:

3. Assign (N, — 1) - (r® — (1) particles requiring field DOFs
possessed by processors 2, .., N, . Preserve a balanced
load.

2. Assign the first N, - (") particles to the processors
such that the particles depend only on local field DOFs.
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Second case 7 < 3

4.In the " step assign (N, — i) - (Y — ) particles
depending on field DOFs from processors 7 + 1, .., V.
Again, preserve a balanced load.
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* Is this the optimal solution in terms of the model?

=) Yes, it is. For all suboptimal strategies the Load Graph
isn‘t load balanced or contains circles.
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* Is this the optimal solution in terms of the model?

=) Yes, it is. For all suboptimal strategies the Load Graph
isn‘t load balanced or contains circles.
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* Is this the optimal solution in terms of the model?

=) Yes, it is. For all suboptimal strategies the Load Graph
contains circles or isn‘t load balanced.

* But, the optimum is not unique for more than 2 processors.
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» Data exchange can be simplified for simulations with a very

localized particle distribution. » The Bounding Box is adaptively changed depending on

iy _ the particle distribution.
partitioned comp. domain

P

particle bunch
Pl P3

MPI_Allreduce(...)
D _
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« Communication costs can be approximated by
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wags = K- Nbunch ’ log(Nﬂ’)

* The parallel speedup can be predicted by the expression

. 1
SN, = ; : i
o+ N Jog(N,) « Conclusion

The algorithm is communication bound. Good perfor-
mance results can only be expected for a fast inter-
connection network.
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» Benchmark: electron bunch traveling within an ideally
conducting tube (5 million grid points).

25
— — 1e4 particles (Ethernet)
a 20 || — 1e5 particles (Ethernet)
.g — — 1e4 particles (Myrinet)
@ _ . .
3 15 1eb particles (Myrinet)
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The performance of the algorithm is not satisfactory

for a cluster with a slow interconnection network.
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» Benchmark: electron bunch traveling within an ideally
conducting tube (5 million grid points).

25
— — 1e4 particles (size 1)
a 20 || — 1e5 particles (size 1)
=3 — — 1e4 particles (size 2)
m —_ 3 B
8. 15 1e5 particles (size 2)
w
210 ~e
S Cat”
m -
a 5 o *
-y T - L S T -
0

0 5 10 15 20 25 30
Number of Processors

The predicted speedup is in good agreement with
the results obtained on the compute cluster.
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waveguide

electron
beam

mah'lsulonol
Bunch rms-radius: o, =0, ~ 0.5 — 3.75mm; o, ~ 2.5mm
Geometry dimensions: 0.2m x 0.2m x 1.0m

== Multiscale problem: requires a high amount of
computational resources.

Energy/MeV
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* Fully 3D simulation using
300 million grid points and
250,000 particles.
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n
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» Performance modeling has shown to be helpful for the
construction and analysis of parallelization schemes.
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» The Adaptive Bounding Box approach is well suited for the
simulation of problems with very localized particle
distributions.

» The Adaptive Bounding Box approach scales good on a
high speed interconnection network.
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