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FELyXFELyX –– The Finite Element Library Experiment The Finite Element Library Experiment 
provides:provides:

Object oriented structure implemented in C++

Free availability under GNU license  http://felyx.sourceforge.net

All relevant elements for static structural analyses.

Profile / bandwidth reduction algorithms based on graph library of Boost:
– (Reversed) Cuthill-McKee bandwidth minimization.
– Sloan profile minimization algorithm.

Efficient matrix storage schemes using the Matrix Template Library (MTL):
– Envelope/skyline storage scheme for direct solvers
– Sparse storage schemes for iterative solvers

Efficient solvers:
– Direct skyline solver
– Interface to the Iterative Template Library (ITL) and its conjugate gradient solvers

Interface to exchange models with ANSYS
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Motivation for FELyXMotivation for FELyX

The main motivation to write FELyX was to have a free and object oriented 
Finite Element code that is numerically efficient and allows to access the 
Finite Element calculation at any level. 

The need for this arised within our ongoing PhD thesis in the field of 
Structural Optimization at the Swiss Federal Institute of Technology Zurich 
(ETH Zurich) in the group Structures Technology (IMES-ST). As numerical 
optimization methods we mainly use Genetic Algorithms and sometimes 
Gradient Methods. This means that we typically have to evaluate thousands 
of similar Finite Elements Models (therefore efficiency is definitively a point).
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Elements implemented in Elements implemented in FELyXFELyX

2-Node-2D-Beam
(Beam3)

4-Node-2D-Solid
(Plane182)

6-Node-2D-Solid
(Plane2)

2-Node-Spar
(Link1)

8-Node-2D-Solid
(Plane183)

20-Node-Brick
(Solid186)

10-Node-Tetraeder
(Solid187)

2-Node-3D-Beam
(Beam4)

2-Node-3D-Spar
(Link8)

8-Node-Brick
(Solid185)

8-Node-Shell
(Shell93)
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Procedure of Procedure of 
a a FELyXFELyX runrun

Read ANSYS model

Node reordering algorithm

Link DOF’s of nodes to GSM

Initialize GSM and force vector

Evaluate element Stiffnesses
and assemble them to GSM

Apply boundary conditions

Solve

Save results
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Structure of FELyXStructure of FELyX

Element List

Node List
1. Node
2. Node
3. Node
4. Node
5. Node
6. Node
7. Node
8. …

1. Element
2. Element
3. Element
4. Element
5. Element
6. Element
7. Element
8. …

Material List
Property List 1. Material

2. Material
3. Material
4. Material
5. Material
6. Material
7. Material
8. …

CoordSys List

BC List

1. CoordSys
2. CoordSys
3. CoordSys
4. CoordSys
5. …

1. Boundary Condition
2. Boundary Condition
3. Boundary Condition
4. Boundary Condition
5. …
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Element data objects in FELyXElement data objects in FELyX
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Node data object in FELyXNode data object in FELyX
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Contents of performance tests for the direct solverContents of performance tests for the direct solver

Test problem 1: Small sized 3D structure composed of 5 element types
– Solving test problem in ANSYS
– Solving test problem in FELyX without any reordering strategies.
– Solving test problem in FELyX using Reversed Cuthill-McKee bandwidth minimzation and 

banded GSM
– Solving test problem in FELyX using Sloan’s profile reduction algorithm and envelope 

storage format  for the GSM

Test problem 2: Moderate sized 3D structure with 10-node tetraeder
– Solving test problem in FELyX using Reversed Cuthill-McKee bandwidth minimzation and 

banded GSM
– Solving test problem in FELyX using Sloan’s profile reduction algorithm and envelope 

storage format  for the GSM



FELyX Overview Mai 2002

ZÜRICH

10

Test problem1 : Small 3DTest problem1 : Small 3D--mixed structuremixed structure

# element types involved: 5

# elements: 718

# DOF’s 6796

ANSYS runtime: ca 4s
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Solving test problem in Solving test problem in FELyXFELyX without any without any 
reordering strategiesreordering strategies

Memory needs for the GSM
– Storing lower triangle of matrix
– Double values ⇔ 8 bytes

ca 185 MB

Runtimes
> 600s

Structure of the GSM
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Solving test problem in Solving test problem in FELyXFELyX using Reversed using Reversed 
CuthillCuthill--McKee bandwidth McKee bandwidth minimzationminimzation and banded and banded 
GSMGSM

Half bandwidth: 513

Profile: 1.20 x 10^6

Memory needs for the GSM
– Storing lower band of the matrix

ca 28 MB

Runtimes
ca 10s

Structure of the GSM

ha
lf b

an
dw

idt
h
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Solving test problem in Solving test problem in FELyXFELyX using Sloan’s profile using Sloan’s profile 
reduction algorithm and envelope storage format  reduction algorithm and envelope storage format  
for the GSMfor the GSM

Half bandwidth: 1192

Profile: 1.17 x 10^6

Memory needs for the GSM
– Storing lower envelope of the 

matrix

9 MB

Runtimes
ca 3.5s

Structure of the GSM
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Test problem 2 : Moderate 3D structureTest problem 2 : Moderate 3D structure

10 node tetraeder model

# elements: 12839

# DOF’s 67629

ANSYS runtime
using direct solver: ca 120s

CAD Part could be used by courtesy 
of Tribecraft AG, Zurich
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Solving a larger model with 3D Solving a larger model with 3D tetraederstetraeders
Using reversed cuthill-mckee and band matrix

Using sloan algorithm and envelope matrix

Half bandwidth: 3960
Profile: 6.3 x 10^6

Memory needs: 2080 MB
Runtime: --

Half bandwidth: 8637
Profile: 5.3 x 10^6

Memory needs: 379 MB
Runtime: 5 min


