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Motivation for Developing PyLith

• Available modeling codes

• rarely solve the problem you want to solve
• are often poorly documented
• may not work correctly

• Current research demands larger, more complex simulations

• Want to avoid multiple, incompatible versions of the same code
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PyLith

What is it good for?

• Quasi-static crustal deformation

• Interseismic deformation
• Post-seismic deformation
• Volcano deformation

• Dynamic rupture and wave propagation

• Kinematic (prescribed) earthquake ruptures
• Strong ground motion modeling
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Features in PyLith 1.2

• Spatial dimensions: 1-D, 2-D, or 3-D

• Time integration schemes

• Implicit time stepping for quasi-static problems
• Explicit time stepping for dynamic problems

• Bulk constitutive models

• Elastic model (1-D, 2-D, and 3-D)
• Linear and Generalized Maxwell viscoelastic models (3-D)

• Boundary and interface conditions

• Dirichlet (prescribed displacement and velocity) boundary conditions
• Neumann (traction) boundary conditions
• Absorbing boundary conditions
• Kinematic (prescribed slip) fault interfaces w/multiple ruptures
• Gravitational body forces
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Features in PyLith 1.2 (cont.)

• Importing meshes

• LaGriT: GMV/Pset
• CUBIT: Exodus II
• ASCII: PyLith mesh ASCII format (intended for toy problems only)

• Output: VTK files

• Solution over volume
• Solution over surface boundary
• State variables (e.g., stress and strain) for each material
• Fault information (e.g., slip and tractions)
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PyLith Design Objective

Want a code developed for and by the community

• Modular

• Users can swap modules to run the problem of interest

• Scalable

• Code runs on one to a thousand processors efficiently

• Extensible

• Expert users can add functionality to solve their problem without
polluting main code
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PyLith

Overview of workflow for typical research problem
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PyLith Design: Focus on Geodynamics

Leverage packages developed by computational scientists

MPI

External package

boost

PyLith

spatialdataFIATSievePyrenemesis

PETSc numpy Proj.4 Pyrexembed

PyrexBLAS/LAPACK

CIG package
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PyLith Design: Code Architecture

Flexible and modular with good performance

• Top-level code written in Python

• Expressive, high-level,, object-oriented language
• Dynamic typing allows adding additional modules at runtime
• Convenient scripting

• Low-level code written in C++

• Compiled (fast execution), object oriented language

• Bindings to glue Python & C++ together

• Pyrex/pyrexembed generate C code for calling C++ from Python
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PyLith Design

Tests, tests, and more tests (>700 in all)

• Create tests for nearly every function during development

• Remove most bugs during initial implementation
• Isolate and expose bugs at origin

• Create new tests to expose bugs reported

• Prevent bugs from reoccurring

• Rerun tests whenever code is changed

• Allows optimization of performance with quality control
• Code continually improves
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Example of Automated Building and Testing

Test written to expose bug, buildbot shows tests fail
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