
  

FEniCS: An Attempt to Combine Simplicity, 
Generality, Efficiency and Reliability

Kent-Andre Mardal
Simula Research Laboratory

Joint work with Kristian Valen-Sendstad, Martin Alnæs, Mikael Mortensen, 
Anders Logg, Garth Wells, and Hans Petter Langtangen



  

Outline

The use of the finite element library FeniCS examplified 
with a few simple problems 

FeniCS in use patient-specific simulations 
of blood flow in cerebral aneurysm



  

Part I: The Finite element library 
FEniCS

FEniCS combines: 
 *  high-level scripting techniques  (Python)
 *  symbolic mathematics 
 *  automatic differentiation
 *  code generation (low level C++ for efficient computations via a domain       
    specific language and compiler) 
 *  state-of-the-art linear algebra (PETSc, Trilinos, uBLAS,  MTL)
 
FEniCS is open source
Focus is put on user-friendliness, generality and efficiency 



  

Simple example: Poisson equation 
Mathematical formulation

Corresponding code



  

The generated code is typically many 
times faster than corresponding hand-

written quadrature code

Alnæs and Mardal, TOMS 2010; Ølgaard and Wells TOMS 2010; Roghes, Kirby et.al. SISC 
2009, Kirby and Logg, TOMS 2008,2007; The upcoming FENICS book  



  

Example 2: Poisson equation with 
discontinuous Galerkin 

FENICS has support for many elements; continuous and discontinuous
 Lagrange, Nedelec, Raviart-Thomas, mixed methods etc. 



  

Hyper elasticity (Fung's law) 



  

Hyperelasticity VS Linear Elasticity 
Efficiency Tests

UFL: see Alnæs:    https://launchpad.net/ufl, and the upcoming book.  

Testing the efficiency of the assembly process for the nonlinear Fung type elasticity
problem reveals that it is only 2-3 times  slower than linear elasticity!!!

Much better than we expected!!  

https://launchpad.net/ufl


  

Part II: Using FEniCS to study 
cerebral blood flow  

Incremental pressure correction



  

The circle of Willis

The circle of Willis is the
brains main supplier of blood

It connects the carotid and 
vertebral arteries into a 
network that ensures a robust and 
stable blood supply to the the brain 

Unfortunately, aneurysms are often found in 
the circle of Willis (1-6%)   

Aneurysms may rupture and cause a stroke
Annual risk is assumed to be ~ 1%



  

What causes aneurysm 
development and rupture?

There are great variations in 
anatomy Eg only 50% have a 
well-balanced circle 

Our hypothesis: Abnormal anatomy 
-> abnormal flow 



  

Movie



  

Some aneurysm focus the flow 
and kinetic energy

Volume visualization of kinetic energy in two different 
aneurysms.  Only the upper 10% of the kinetic energy is shown.
[Valen-Sendstad, Mardal et. al., submitted to Stroke]  



  

Vorticity is produced as the kinetic 
energy is focused

Volume visualization of  vorticity in two different 
aneurysms.  Only the upper  10% of the vorticity is shown.
[Valen-Sendstad, Mardal et. al., submitted to Stroke]   



  

High values of kinetic energy and 
vorticity are linked to large local 

variations wall shear stress

Visualization of the wall shear stress in the same aneurysms, 
but seen from different angles. Notice the stagnation zone.  



  

A patient study with 12 patients reveals 
differences between the ruptured and 

unruptured aneurysms



  

Movie



  

Conclusion

Combining scripting techniques, symbolic mathematics, code generation, 
automatic differentiation and advanced linear algebra gives a 
user-friendly and efficient computational platform for solving PDE problems

A book about the FeniCS project is almost finished: 
URL https://launchpad.net/fenics-book

A programable environment is really important when doing patient-specific 
simulations with a large number of patients 

https://launchpad.net/fenics-book
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