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Predicting seabed object burial dynamics under wave
and current influence in the North Sea

Marco Ottl, Institute of Hydraulic Engineering and Technical Hydromechanics (UniBw M)
Ruben Horn, Chair for High Performance Computing (HSU/UniBw H)

Abstract

Different models are being developed for predicting seabed object burial dynamics with
real world experimental data used for parameter tuning. Based on these models, the
relative burial should be predicted for a wide coastal area for different input conditions
using a graphical application. Two models have been initially implemented as standalone
Python scripts which predict relative object burial based on time or sediment transport
processes using multiple CPU cores through the NumExpr package. The input values are
provided as raster data with a resolution of up to 10 m? per cell in GeoTIFF format which
matches the final outputresolution. However, the initialimplementation of the first model
requires over 85 GB of memory and 37 minutes for six time steps on a 64-core machine.
Visualization of the output using Matplotlib further increases those requirements
dramatically. The aim of the performance engineering project thus consisted of optimizing
the model code and providing the basis for a software solution targeting end users and
workstations.

Project Results

The functionality of the initial model scripts has been re-implemented as modular, re-
usable Python code split into pre-processing, model formulae, and visualization scripts
which store intermediate output as GeoTllFFs to avoid duplicate code and having to
constantly re-run significant parts of the pipeline. Fastiteration is achieved by parameters
for cropping and downsampling large input files. Since the model is embarrassingly
parallel, the initial implementation using global intermediate values was re-written as a
pure function for scalars. This eliminated the costly memory allocations of many raster
variables, allowing transparent
acceleration over all CPU cores
or a CUDA capable GPU using
the Numba package. File output output #1 output #?2
(another major bottleneck) is
performed in parallel to the Time

next model iteration as shown compute #2 compute #3
in figure 1. The improvements
over the initial code for model
#1 are shown in table 1. File
compression can greately reduce
the amount of storage for created
TIFFs, depending on the concrete

compute #1 compute #2
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Figure 1: Illlustration of the time savings using parallel computation and
output (below) over sequential computation and output (above)
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model output data. Responsive plotting of the large output files is achieved by rendering
them ontop of aworld map inthe browser using the HoloViews and Datashader packages.
Static visualization using pre-rendered map files was also evaluated.

Walltime Peak mem.
Measured
LZW compression No compression usage
Pre-process ca.3min ca. 1% min 15 GB
Apply model ca.3 % min ca.2%amin
Improvement 6 x 92 x -82 %

Table 1: Improvement over initial implementation for model #1

Outlook

The Python modules developed over this project constitute a set of modular components
for working with geospatial data, which allows for easy assembly of efficient data
processing workflows as well as the development of graphical applications for end users.
The transparent integration of the Numba package enables automatic use of available
hardware resources. Through the achieved efficiency gains, the code can be executed
on commodity hardware in minutes, which allows for rapid development and refinement
of models. The interactive visualization allows for direct insight into the input and output
data. Application of ML methods usingthis blueprintis also possible and wasimplemented
using an ensemble of provided XGBoost models.
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