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Motivation

Devel opment of mor e r edgnamisor i ¢ |
kinematic representations of fault rupture, including simulation of

higher frequencies (up to 10+ Hz) .
2013 Science Collaboration Plan, Southern California Earthquake Center (SCEC).

CISN ShakeMap : 6.7 km (4.2 mi) NW of American Canyon, CA
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ShakeMap, M6.0, 2014-08-24, 3:20 am,
American Canyon, CA, source: usgs.gov
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SeisSola Nutshell

A Full elastic wave equations in
3D and complex
heterogeneous media

A Dynamic Rupture without
artificial oscillations

A High order: ADER(time)-
DG(space)

A Unstructured tetrahedral
meshes

A Highly Optimized Compute
Kernels

Discretization of the M7.2 Landers 1992 fault system, taken from a)

A Massively parallel
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Outline

A Mathematical Background of SeisSol

A Optimizations of Compute-Kernels, Communication and 1/O

A Application Scenarios:

A Cu b-scenario: SuperMUC using IBM MPI, Stampede using MVAPICH:
Paper a) + b)

A Synthetic strong-scaling: SCEC LOH.1 benchmark

A 7.2M Landers 1992 earthquake: SuperMUC using IBM MPI, Stampede
using MVAPICH: Paper a)

A Conclusion

SuperMUC: 9216 Xeon E5 nodes, LRZ Germany, 3PF
Stampede: 6400 Xeon E5 nodes + 1 Xeon Phi, TACC USA, 9+ PF
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Derivigge | GoBpute Kexnels
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Elastic Wave Equations

Taken from:; f)
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Time Integration Kernel grn+t
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Flux Comput&@@mmdary Kernel
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Taken from a)

Copyright © 2014, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others. ptimization Notice



Volume Integration Kernel

el

o

e

s oS

o "

o
e e e
oM e
Pl R e
] "= -

Dynamic Rupture Kernel

Taken from a)

A Not part of the elastic wave equations discretization

A A multi-physics formulation

A Dynamic Rupture is implemented as a boundary
condition, so we omit these faces during the flux
computation!
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Kernel Routines

A Highly optimized sparse and dense matrix kernels for by offline
code generation and auto-tuning:

A Intel SSE3
A Intel AVX
A Intel Xeon Phi

A Xeon E5 node (2x 8 cores Sandy Bridge) speed-up > 5X

A 1 Xeon Phi coprocessor ~ 1.85X faster than a Xeon E5 node
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Mesh Partitioning and 1/O Optimizations

ParMETIS

/

|

[Gambit Meshj >  Converter {netCDF Mesh}—* SeisSol

~ 64 Tasks Up to 9216 Tasks
Runtime: 47.8 min 5.8 sec
Mount Merapi, 99,831,401 cells By S. Rettenberger

A Reduce complexity to O(#cells/partitions)
A 3-D padded netCDF file: mmﬁ%' i : T T

C T T 1 T [
#partition X ]
#vertices ___
#vertices X per element —
#elements per partition < >
max. #elements
per partition

By S. Rettenberger
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MPI Optimizations

A unstructured mesh A unstructured communication patterns
A No global communication in solver phase

A At large scale: 3-30 neighbors per rank

A 20-10K elements

A SeisSol was known to scale very well due to very high amount
of compute (we will come back to this J )

Old SeisSol (per time step): Refactored SeisSol (per time step):

1. Allocate MPI buffer 1. Gather data (parallel)
2. Gather data

NENEENnEn

3. Send/Receive
4. Scatter data 2. Send/Receive (persistent
5. Deallocate MPI Buffer 3. Scatter data

NENEENRnEn

N—r
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Last but not least: Xeon Phi Offload

i
A We need to keep time integration of | o
_ PIPIAED 4| MPI boundary cells |, “* 77
Xeon Phi as busy as download cells for
. bl receivers, DR, MPI y
pOSSI € T time integration of _
H ' | eceiver output PMPL, non-MPI cells, | X!
Y m volume integration
upload MPI-
3 - ” y received cells Y
DR ynamicC rupture
A We have to overlap HE® | e fault utput poR,
: : : wave propagation fAlux
CO m m U n I Catl O n upload dynamlc fluxes Xm
y rupture updates v
apply dynamic
wr rupture updates, | XD
P down
A We have to overlap i
. download all data
dynamic rupture ceccccceaaas N\ (frequied) y
I WF plot wave field
computations a7
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Taken from a)
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CubeqgBudm Test)SuperMUC

——20,000 elements per core
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A MPI optimizations © N3 ZgNI28%888§8 8
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Detail&liperMampede results

SuperMUC, gr. buff. —6— SuperMUC, classic —#&—
Stampede —H—

SuperMUC, classic —&— SuperMUC, gr. buff. —6—
Stampede —E—

% peak: hardware

% parallel efficiency

% peak: non-zero

# nodes

# nodes
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Strong Scaling the
| SC3 14)
A SCEC LOH.1: 7,252,482 elements

A Simulation-Time: 100 time steps

A 6% order in space and time

—4-SeisSol classic = SeisSol generated
45%
40%

Y
w
w
=

30%
25%
20%
15%

o
e

eak efficienc

o]
=
N

% peak performance

16000 -
24000 =%- - -
32000

N AR T or N # cores

#cores Taken from b)
Note: SC 13 classic Flops where calculated using padded
FLOPs! -> We move to non-zero FLOPs for all later publications
since this is the right way to go!!
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The M7.2 Landers 1992 Earthquake
IRL

AType: lateral strike-slip

ATime: June 28, 1992, 4:57 am PDT

AMagnitude: 7.2

ARupture Length: 85 km

AFaults Ruptured: Johnson Valley, Landers,
Homestead Valley, Emerson,
and Camp Rock

AAverage Slip: 3 to 4 meters, max. 6 meters

ADepth: 1.1 km

- G- SRale
.:.l"i .' s
SR

Pictures taken from: http://www.data.scec.org/significant/landers1992.html
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http://www.data.scec.org/significant/johnson.html
http://www.data.scec.org/significant/landers.html
http://www.data.scec.org/significant/homestead.html
http://www.data.scec.org/significant/emerson.html
http://www.data.scec.org/significant/camprock.html

The M7.2 Landers 1992 Earthquake
SeisSaimulation

A 191,098,540 tetrahedrons
(~1300 per core of
SuperMUC, ~130 per thread
of Xeon Phi on Stampede)

A Production run SuperMUC:

A 234,567 time steps equaling 42s
simulated time

A Output: 23 pick-points + high-res
fault

A 7h 15m @ 147,456 SNB-EP cores

A 1.25 PFLOPs incl. setup and
output!! (96.7% of scaling without
setup and output)

Frequencies up to 10Hz
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vlc-record-2014-08-25-21h40m33s-seissol_isc_hd.mp4-.mp4

Detailed Scaling Data of Landers

A 1000 time steps of the Landers scenario, no output

A MPI communication can be hidden on Stampede

A Scalability on Stampede is equal to SuperMUC
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