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Finite Elements
- Basic Functionality -

Structured and unstructured grids
Scalar/vector fields

Element definitions

Finite Differences
- Basic Functionality -

Lattice grids
Staggered grids

Scalar/vector fields

arently added by

the application developer
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Linear Solvers

Preconditioners

Direct methods:
Gaussian Elimination

In the kernel:

B
New solvers, preconditioners or
convergence eriteria ecan easily be added
by the application S8loper, providing
seamless integration with the linear

algebra framework

CGS
BiCGSTAB Nonlinear Conjugate
GMRES Gradients
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Edge elements:

« allow normal component of a vector
to be discontinuous

 better at handling field singularities

e better essential b.c. handling

e eliminate spurious modes
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voltage-driven problems: current-driven problems:
B=curlA in Q, andQ,

J=curl (T, +T)

n Q
e=- L grad® o, H=T,+T —gradp ' °
e i H=T,-grad® in Q
modified vector potential: A 1a-.1-
Jpot
FS N A ClHES Tt with weak gaugeN><(s A) =0
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Multigrid pressure
solver

Fine grid: 308,551
nodes and 1,726,528
elements
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Advanced Topics include
Parallel Computing
Overlapping Domain Decomposition Methods
Software Tools for Multigrid Methods
Mixed Finite Elements
Systems of PDEs and Block Preconditioning

Object-Oriented Implementation of Fully Implicit Methods
for Systems of PDEs

Stochastic Partial Differential Equations

Hans Petter Langtangen
AslakTveito

Using Diffpack from Python Scripts

Advanced Topics ) .

in Computational Partial Numerical Methods and Software for Modeling the

Differential Equations . .. .

Numerical Methods Electrical Activity in the Human Heart

and Diffpack Programming . . 5 o
Mathematical Models and numerical Methods for Financial
@) springer g 0
Derivatives

Finite Element Modeling of Elastic Structures

Simulation of Aluminum Extrusion

Simulation of Deformations, Fluid Flow and Heat Transfer
in Sedimentary Basins

(utlech




= 1) 1'1)))

# 1/22) %/ %+ 11 ++

6* )9 18/ 1 ++% 2
6%# )7 $@,9

#+/ *B% %) /2 )7
/| +8"* [ *B% 1 [

) * [ ) 21))):+ 8 "#
/"% %" 6/ *B % 2 +#%
2 +#% [+ % [++ 9

(utlech




IN) | % 2

&N0 17211)): 1 # 1) 112/%-
[+ |21 20+ 6%# )7 @9

[ +% 2 C )22 ++ | %"8/:

2 2/) 122 %"

#)/

(utlech




1)) 0 ) ,#+7

Test case: 2D Poisson problem, 480 x 480 global grid.
Sequential simulator in Diffpack using CG/FFT.

Minimal instrumentation ﬂrallel simulator (P,M)

1 | 4 | 4441 || NIA 257 x 257

4 | 4 | 1137 || 391 257 x 257

6 | 6 | 7.92 7 5.61 257 x 181

8 | 8 | 584 || 760 || 257x135

Closetoideal |12 | 3.92 || 11.33 257 x 91
speed-up 7

o | 16 | 3.06 || 14.51 257 x 69
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Simulation run on SGI

Origin 2000 (16 CPUs)
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