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• Julia:

• Modern, high-level, compiled language

• As easy to program as MATLAB but 
(almost) as fast as compiled C/Fortran 
codes

• Easy to develop, document, distribute 
packages

• Lots of packages already exist 

• machine learning, plotting, optimisation

• Runs on large (GPU) HPC systems

• Packages (mostly) work together seamlessly
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Cool features
• Build-in package manager

• Build-in testing framework

• Automatically install dependencies (e.g., PETSc) 

• Easy to share packages 

• Automatically generate (online) documentation
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Ok cool – how do I start?

• Quick starting tutorial made for geoscientists used to MATLAB:

http://www.staff.uni-bayreuth.de/~bt303651/courses/gmg_tutorial/

http://www.staff.uni-bayreuth.de/~bt303651/courses/gmg_tutorial/


Composable software

Material parameters 
are uncertain

Plot



Building blocks in geodynamic software
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Energy Balance,

2-phase flow

Create input 
model 

geometry

Marker & Cell 
AdvectionVisualisation
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dimensionalis
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grid (& free 

surface)



Solvers
Two main approaches
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Implicit codes
CPU’s

Pseudotransient 
codes 
GPU’s

PETSc.jlParallelStencil.jl
ImplicitGlobalGrid.jl



ParallelStencil.jl
• Allows evaluating (explicit) stencils 

very fast

• Works on CPUs & GPUs 

• Optimized for GPU’s (93% parallel 
efficiency on 5120 GPU’s)

• Very simple, intuitive, codes

• Requires equations that have a 
time-derivative
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3D diffusion example on 1 CPU/GPU
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Making it work in parallel
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use ImplicitGlobalGrid.jl & add a few lines



Stokes example
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Stokes

Convection
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Stokes equations:

Add time-derivative

Pseudo-transient form:



Solvers
Two main approaches
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Implicit codes
CPU’s

Pseudotransient 
codes 
GPU’s
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ImplicitGlobalGrid.jl



Implicit codes: PETSc.jl
• Julia interface to the PETSc package

• Automatic installation of parallel PETSc

• On windows, mac & linux

• Wrappers to the full PETSc package (huge)

• Work in progress to make it Julia-friendly:

• Adding tests, examples for regular & 
staggered grids and nonlinear solvers
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Simple 1D example laplacian.jl
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Run:



2D parallel, multigrid, example
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dmda_laplacian.jl

Options (multigrid):

Setup regular grid with 1 dof/node:

Create stiffness matrix A:

Run in parallel:

Solve:

Run in serial:



Nonlinear example & automatic differentiation
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Porosity_Waves.jl (1D/2D/3D; currently in #bjpk/dmda_multiple_dof)

Compute residual (1D/2D/3D): Automatically generate Jacobian: Solve:

Run in parallel:

𝜕𝜙
𝜕𝑡 = −𝐷𝑒

𝜕𝑃!
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Viscoelastic porosity waves
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GeophysicalModelGenerator.jl
• Import geophysical data 

• Seismic tomography 
• GPS velocity 
• topography 
• EQ locations 
• Screenshots from published papers.

• Create Paraview files from it

• Many tutorials

• Generate geodynamic input models
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Example:
2021 LaPalma eruption 

(seismicity isosurfaces & topography)

See tutorial on how to create a input model for the 3D 
geodynamic code LaMEM from this
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GeoParams.jl
• Define material parameters

• Density
• Elasticity
• Creep laws
• Plasticity
• …

• Nondimensionalize (any) input data

• Provide a single computational 
interface to retrieve parameters 
• To be used within the solvers
• Allocation-free
• Works on GPU and CPU
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Non-dimensionalisation

• Define characteristic units

• Automatically non-dimensionalize 
(any) material parameter using this.

• Convert into different units
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Define material parameters
• Define properties for a single phase, 

using dimensional units:

• Same but with non-dimensionalisation: 

• Using this in your code:

• Constant density:

• Variable density (no need to change 
your solver!):
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Constitutive relationships

• Same for any geodynamic code

• Cause for many typos/mistakes

• Often nonlinear; usually requires pointwise 
iterations

• This automatically deals with nonlinearitis

• Allows adding arbitrary number of 
rheological elements

• New rheologies added will automatically 
work with all codes that employ 
GeoParams.jl
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GeoParams.jl: nice to have
• Automatically generate LaTeX data 

tables of a simulation (+ references)
• Minimize potential for mistakes …

• Additional functionality 
• More creep laws
• Phase diagrams
• Elasticity, plasticity, thermal parameters, softening
• …

• Plotting routines
• 1D strength envelops
• Deformation maps
• Stress-strain rate curves
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CompGrids.jl [in progress]
• Unified interface to create grids 
• Works with ParallelStencil.jl and with PETSc.jl
• Collocated or staggered finite difference grids
• CPU or GPU
• MPI parallel or on a single core

• Create initial conditions & 
output/visualisation independent of the 
solver

• Try different solvers for the same 
problem
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MACadvect.jl [planned]
• Marker & Cell advection 

• Works with PETSc or ParallelStencil
• On CPU or GPU
• On a single core or on a MPI-parallel machine

• Automatically interpolate parameters 
from markers to grid (and back)

• Particle Insertion/Deletion routines

• Works for an arbitrary number of fields 
carried on the markers

• Crucial to have for many geodynamics 
codes!
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New (composable) tools to develop new software packages in julia
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Stokes Equations,

Energy Balance,
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https://github.com/JuliaGeodynamics

GeoParams.jl

GeophysicalModelGenerator.jl

CompGrids.jl

MACadvect.jl

PETSc.jl
ParallelStencil.jl

ImplicitGlobalGrid.jl
JustRelax.jl



Case study: MagmaThermoKinematics.jl
• Thermal evolution of intrusion of 

magma in the crust due to dikes

• 3D code < 100 lines

• Works on GPU & (parallel) CPU

• thanks to ParallelStencil.jl

• Employs GeoParams.jl

• Easy to change material 
parameters

https://github.com/boriskaus/MagmaThermoKinematics.jl

https://github.com/boriskaus/MagmaThermoKinematics.jl


https://github.com/boriskaus/MagmaThermoKinematics.jl
/examples/Example2D_paper.jl
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Summary
1. Create parallel CPU/GPU solvers:
• ParallelStencil.jl/ImplicitGlobalGrid.jl: for (parallel) pseudo-transient GPU-based codes 

• PETSc.jl: implicit, MPI-parallel codes. Support for staggered grids, multigrid, nonlinear solvers, 
automatic differentiation

2. From solver to production code: 
• GeoParams.jl: Define material parameters & computational routines

• CompGrids.jl: Create a computational grid but switch solvers in a simple way 

• [MACadvect.jl]: Parallel marker & cell advection

3. Generate (realistic) input models:
• GeophysicalModelGenerator.jl:  Look at ‘real’ data & generate input models

‣ Simplifies writing parallel solvers & extending that to a production code
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