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Computational Biologyôs Insatiable 

Demand for Processing Power

Satellite Tobacco Mosaic Virus (STMV)

ÅSimulations still fall short of 

biological timescales

ÅLarge simulations extremely 

difficult to prepare, analyze

ÅOrder of magnitude increase in 

performance would allow use of 

more sophisticated models
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Hybrid of spatial and force decomposition:

ÅSpatial decomposition of atoms into cubes 

(called patches)

ÅFor every pair of interacting patches, 

create one object for calculating 

electrostatic interactions

ÅRecent: Blue Matter, Desmond, etc. use 

this idea in some form

NAMD Parallel Molecular Dynamics

Å Designed from the beginning as a parallel program

Å Uses the Charm++ philosophy:

ï Decompose computation into a large number of objects

ï Intelligent Run-time system (Charm++) assigns objects to processors for dynamic load 
balancing with minimal communication

Kale et al., J. Comp. Phys. 151:283-312, 1999.
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847 objects 100,000

Example 

Configuration

Objects are assigned to processors and queued as data arrives.

108

Phillips et al., SC2002.

Offload to GPU

NAMD Overlapping Execution
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Non-bonded Interactions

ÅCalculate forces for pairs of atoms within 

cutoff distance

Cutoff radius
r ij : distance 

between 
Atom[i] to 

Atom[j]
Atom[i]

Atom[j]
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VMD ïñVisual Molecular Dynamicsò
ÅVisualization and analysis of molecular dynamics simulations, 

sequence data, volumetric data, quantum chemistry simulations, 
particle systems, é

ÅUser extensible with scripting and plugins

Åhttp://www.ks.uiuc.edu/Research/vmd/


