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Advanced Earthquake Modeling with Nonlinearity and Topography in AWP-ODC
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AWP-ODC Performance and MV2 Evaluation

AWP-ODC-GPU Weak Scaling on TACC Lonestar6

AWP-ODC Weak Scaling on DOE and NSF LCCFs (Linear version vs nonlinear versions)
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Throughput Geell/s = nx * ny * nz / execution time(ns)
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AWP-ODC - Recent Advancements

4th-order accurate staggered-grid finite-difference code

GPU-enabled and highly scalable (Cui et al., 2013), with curvilinear grid and discontinuous
mesh features

Developed and verified on Summit at Oak Ridge Leadership Computing Facility (OLCF), with
Nvidia GPUs

Verified ported HIP version, full production runs on Frontier at OLCF (AMD GPUs)

Phenomenal scalability with new features
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Implementation of Curvilinear Grid

Implementing traction free boundary using curvilinear grid (O’Reilly et al., 2021)

Horizontal locations of grids remain the same

Vertical grid stretching
Curvilinear mapping

X, = Fl(rl, 2, r3),
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Governing Equations with Curvilinear Grid

Covariant basis vector (tangential):

oart axj

L= P M T

Contravariant basis vector (orthogonal):
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Weak scaling result with Nvidia V100 GPUs

Time per time step (s)
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Implementation of Discontinuous Mesh (DM)

Constant grid spacing is too fine for greater depths

Factor-of-three ratio coarsening (Nie et al., 2017)

Wavefield Estimation Using a Discontinuous Mesh Interface (WEDMI)
Overlap zone for data exchange
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Implementation of Discontinuous Mesh (DM)-cont’ed

Downsampling process needed

Directly passing values to collocated coarser grids
-> proven unstable
Filter first and interpolate (Nie et al., 2017)
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Finer grid:

@ F1:4th order FD
F2: 2nd order FD
F3: interpolated

Coarser grid:

(O c1: 4th order FD

C2: downsampling

Velocity field update:

1. fourth-order velocities update in the coarser region (C1)
2. fourth-order velocities update in the finer region (F1)

3. second-order velocities update in the finer region (F2)
4. free surface calculation

5. interpolation of velocities in the finer region (F3)

6. downsampling of velocities in the coarser region (C2)

Stress field update:

. fourth-order stresses update in the coarser region (C1)
. fourth-order stresses update in the finer region (F1)

. second-order stresses update in the finer region (F2)

. interpolation of stresses in the finer region (F3)

. downsampling of stresses in the coarser region (C2)

. apply source
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The

e M7.8 scenario along southern San Andreas Fault (SSAF)

e Best possible science for fault geometry and
source rupture characteristics in 2008
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Expected Strong Ground Motions

e Physics-based 3D wave propagation simulation: AWP-ODC
e Coherent long-period (3s-period and longer) waveguide channeling into Los Angeles basin

e |s best available science in 2008 still the best?
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Ground Motions Fade with Model Updates
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The Final Model...

The exceptional scalability and performance of the AWP-ODC due to the
most recent advancements allows for examination of plenty earth models
including the actual surface topography at low computational cost

Combining all model features, the predicted ground motions along both
waveguide branches are reduced by 50-70% relative to the starting model

The validation of the final model confirms the robustness of the final model
up to 1 Hz.
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