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Gaalop GPC for OpenCL …

� … available for Windows and Linux (www.gaalop.de).

� Application example: Molecular dynamics …



Gaalop Precompiler

� Gaalop GPC for OpenCL
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List of Precompiler Functions
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Strided Arrays
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Gaalop Precompiler

� Horizon example 

� in OpenCL
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Advantages for GPUs

� Sum of products -> SIMD

� Few special cases

� Optimized memory management
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Molecular Dynamics in a Nutshell

� A Molecule is a compound of several atoms,

� which are assumed to be static inside the molecule.

� Every atom sends out attraction or repulsion forces to every other atom.

� These forces then result in a movement of the molecules according to 
Newton's and Euler's laws.

� This is simulated for 1000s of molecules in parallel.
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Molecular dynamics simulation

� Lennard Jones potential

www.wikipedia.de
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Molecular dynamics simulation

� Lennard Jones force

� is the negative gradient of the Lennard Jones potential

� and results in the following force vector acting upon a pair of atoms

� All forces (and torques) acting on a particular molecule can be summed up to a 

single net force.

� With Newton's law F=m*a this force results in an accelaration of the molecule.
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Conventional molecular dynamics solver

� Conventional Velocity Verlet timestep integration method

www.wikipedia.de

Note that those steps have to be computed separately 

1. for the translation part

2. for the rotational part
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CGA molecular dynamics solver

� Velocity Verlet in Conformal Geometric Algebra:

� CGA combines translational and rotational parts into one compact 
algorithm.

Florian Seybold (HLRS), based on David Hestenes's work
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General Solver concept

� solver is separated into 3 parts

1. molecule verlet time integration step 1

� updates the molecule's position and orientation

� N computations for N molecules

2. computation of potential forces

� updates each molecule's force and torque

� n x (n-1) computations for n atoms

3. molecule verlet time integration step 2

� updates the molecule's linear and angular velocity

� N computations for N molecules
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OpenCL-Solver concept

CPU
OpenCL enabled GPU

Initialization

Loop

Upload Data

Kernel Call

Kernel Call

Kernel Call

Download Data

Visualization (optional) 

Verlet Step 1 – N threads

Compute Potential Forces - n threads

Verlet Step 2 – N threads



Implementation
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Implementation

� Gaalop Precompiler for OpenCL code:



Implementation
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Results

�Better runtime performance

�Better Numerical Stability (Energy Conservation)



Conclusion

� Geometrically intuitive

� Fast and robust implementations

Dietmar Hildenbrand   |  "Foundations of Geometric Algebra Computing"  | TU Darmstadt



Reference

� „Foundations of

Geometric Algebra Computing“

� Dietmar Hildenbrand

� Springer,  2013

Dietmar Hildenbrand   |  "Foundations of Geometric Algebra Computing"  | TU Darmstadt



Thanks a lot
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