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92nd at Top500 (November 2015)

1,1 Petaflops as peak performance               155.5 TiB of main memory           3,056 nodes



CASE department

Optimized applications for science and engineering:
● Biomechanics (Alya Red): coupled electrical/mechanical/fluid in 

very large grids (10^8 elements)

● Geophysics (BSIT): pioneers in acoustic RTM, elastic FWI with 
real data, electromagnetic methods

● Coupled Multiphysics (ALYA): Coupling fluids, solids, 
electromagnetics, particles, chemistry on grids with 10^9 
elements. Several CFD modelization: free surface, 
compressible/incompressible, subsonic/supersonic, 
RANS/LES/DNS, ...
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My research thesis
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Main target:
● Implement an edge-based FE code on HPC platforms to simulate CSEM 

in geophysics.

Team at BSC has experience with FD, FE but not with Edge Elements  
(Nédélec elements, curl-conforming elements).

My first job:

● Review the state of the art

● Understand the concept of Edge elements

● Understand the physical meaning

● Identify data structures needed
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Controlled-source Electromagnetic Method (CSEM)

CSEM uses a dipole to transmit a time-varying electromagnetic field into 
the earth. 

The field is modified by the presence of subsurface resistive layers

Used as a complementary tool to seismic surveys and well data analysis

EGMS (2014)



9

Controlled-source Electromagnetic Method (CSEM)

Finite difference (FD)
● Structured meshes

● Difficult to adapt to complex 
geometries

● Very fast approach

Finite Element (FE)
● Unstructured meshes

● Local refinement

● Nodal approach produces 
spurious solutions
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Edge finite element method: basis functions

 
– DOF are each edge in the mesh
– Linear vector basis functions (VBF)
– VBS are divergence free but not curl 

free (useful for the representation of 
the electric field)



Edge finite element method: basis functions
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Edge finite element method: data structures

12



Edge finite element method: data structures
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In our approach, the electric field is splitted into primary and secondary 
field

Primary field is calculated analytically for a background layered-earth 
model

Secondary field is discretized using Edge elements 

Maxwell's equations

Slice of a CSEM Slice of a CSEM 
mesh in X-Z mesh in X-Z 
planeplane

Transmitter ReceiverReceiverRepsol-BSC Research Center 2014

Edge finite element method: PDE 



My research thesis
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Matlab prototype as proof of concept:
● Modest parallel approach

● Support for different mesh formats

● Direct and iterative solvers

Useful to study:

● Convergence

● Properties of elemental matrices

● Errors (L1, L2, Linf)

● Speed-up
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My research thesis

Convergence of the solvers and 
scalability
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My reseach thesis

Useful to study the matrices's properties in order to take advantages of the 
numerical method

Improving locality
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My reseach thesis
Convergence analysis
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My research thesis
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My research thesis

Automatic generation of Hardware counters

PARAVER: Performance analyzer developed at BSC



My research thesis
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My stay at INRIA
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Investment of my time (during this month):
● Finding a bug in RHS assembly

● The proposal of the HPC software stack 

● Writing thesis

● Two proposals for conferences (Deadline: november 30 )



HPC software stack: a proposal
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Accuracy                       reliability                    efficiency



My stay at INRIA
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I would like receive comments, opinions and new ideas about 
my prototype

● Mathematical and physical formulation

● Open to share the code

I met the team and some of your research topics...

Fruitful personal experience, so, I would like return next year...



www.bsc.es

Thank you!

For further information please contact

octavio.castillo@bsc.es
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