
Numerical simulation software for seismic wave propagation are a 
fundamental tool for seismological studies such as for the inversion of 
heterogeneous velocity structures, the study of seismic source processes, 
and for hazard assessment. The advancement of high-performance 
computing (HPC) has enabled seismic wave simulation codes to run at an 
unprecedented scale that captures an increasing level of resolution on HPC 
systems. However, HPC systems tend to have a lifespan of only a few 
years, requiring extensive porting work to be completed. We use Kokkos as 
a unified system to port our existing code to diverse platforms to avoid 
system-specific software development. In this project, we implemented 
multiple internal designs of Kokkos based on the acoustic wave equation, 
By comparing the performance of a variety of methods, we found an 
optimal solution to implement for large-scale seismic wave propagation 
computations.
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Getting Familiar With Kokkos

Performance Analysis

Our current implementation of Kokkos for the acoustic wave solution is based on 
a simplified problem. In the next stage of our work, we plan to expand to 2D and 
3D seismic wave simulation, and for more realistic scenarios. We are also 
considering implementing MPI with Kokkos to enable multi-node and multi-GPU 
systems for solving large- to extreme-scale problems of the sort required by 
state-of-the-art research. These technical preparations will eventually allow us to 
bring the Kokkos performance portability into an existing highly scalable seismic 
wave propagation (AWP or CyberShake) and rupture dynamics (SORD) codes. 

Future Implementations

Figure 1: Mandelbrot set with RGB color 

Figure 5: Result on GPU: Nvidia V100 on 
Cori-GPU
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In order to implement acoustic wave equation via Kokkos, we start from 
implementing basic math equations.

Figure 3: Result on Cori (Xeon-Phi 
"Knights-Landing" 7250 processor 68 
OpenMP threads)

Figure 4: Result on Laptop: (Intel i9 2.3GHz 
8-core processor, 16 OpenMP threads)

Figure 7: Result on Cori (Xeon-Phi 
"Knights-Landing" 7250 processor 68 
OpenMP threads)
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1. Mandelbrot set 
Implement mandelbrot set, set of complex number c for function f(z) = z2 
+ c does not diverge to infinite when iteration from z = 0 (Figure 1).
We implemented a variety method including the serial, basic Kokkos 
method as well as Kokkos mdrange. 

 

2. Heat Stencil
A stencil is a geometric arrangement of nodal groups that relate to the 
point of interest by using a numerical approximation routine. For example, 
number B is depended on the value of the numbers next to itself, A and C. 
We implemented various 3D stencil models (corresponding to a 7-point 
3D heat equation, Figure 2) via Kokkos on different machines and 
analyzed their performance (Figures 3-5).

Comparing the performance results on different HPC systems (Figure 3-5), we find that 
the flat implementation doesn’t perform very well. The methods of flat 1d array 
and flat vector with view lead to a better performance on all 3 different machines.

Acoustic Wave Simulation
With the above knowledge acquired, our team started to implement the acoustic wave 
equation solution with various boundary conditions (free surface and absorbing boundary). 
We visualize the acoustic wave using a python library (Figure 6).

Our team implemented multiple Kokkos 
kernels in search of an optimal method. 

By analyzing the results, we find that the 
serial approach (not using Kokkos) is 
consistently slower than any approach with 
Kokkos. The Kokkos flat method without 
2d range and the method using struct are 
working well. At this stage, we find that the  
1D device memory (Kokkos view) with the 
flat parallel policy for solving wave 
equation is optimal (Figure 7).

   Host Memory: traditional C++                  Device Memory: Kokkos View

Time = 0.00                                                                 Simulations at t = 0.44s

Before reaching any boundary (t = 0.88s)

Reflection from top boundary reaching the 
bottom boundary (t = 2.69)

The following screenshots illustrate the differences between different basic 
implementations (in C++).
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Figure 2: Visualization of the data structures associated with the heat equation 
stencil. (a) the 3D temperature grid. (b) the stencil operator performed at each point 
in the grid. (c) pseudocode for stencil operator.   Figure 6: Snapshots of simulated acoustic wave fields, time evolution from left to right, top to bottom.

     Serial (Host)                                                    Kokkos: Flat parallel policy (Device)

Kokkos: 2D range parallel policy (Device)

Reaching the top free surface (t = 1.29s)


