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3D information is collapsed
2D information is “blurred”
2D information is corrupted by noise

In the microscope:
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Adenovirus



Image Processing Packages: Image Processing Packages: XmippXmipp
Documentation: Documentation: http://xmipp.cnb.csic.eshttp://xmipp.cnb.csic.es
Email: Email: xmipp@cnb.csic.esxmipp@cnb.csic.es



ComputationalComputational challengeschallenges::
HighHigh Performance Performance ComputingComputing



HighHigh Performance Performance ComputingComputing

ElectronElectron TomographyTomography::
• Image size: 2048x2048 (coming 4096x4096)
• Number of images: 140
• Data size: 140 x 2048x2048 x 8 = 4.37 GB
• Reconstruction size: 500 x 2048x2048 x 8 = 15.6 GB
• Acquisition rate: 6-12 tomograms/day

Computational needs:
• Alignment (6-12 hours)
• 3D reconstruction (12-24 hours)



HighHigh--Performance Performance ComputingComputing: : GPUsGPUs

Castaño-Díez, D. et al. J. Structural Biology, 2007, 157, 288-295 



HighHigh--Performance Performance ComputingComputing::
TeraflopTeraflop chips?chips?



FutureFuture ofof HPC HPC forfor ElectronElectron TomographyTomography
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HighHigh Performance Performance ComputingComputing

Single Single ParticleParticle AnalysisAnalysis
• Image size: 150x150
• Number of images: 100k (coming 1M)
• Data size: 100k x 150x150 x 8 = 16.7 GB
• Reconstruction size: 150x150x150 x 8 = 25MB
• Acquistion rate: 1 week (peak 250k/day)

Computational needs:
• 2D Classification: 2 months
• 3D Alignment and Reconstruction: 2 weeks
• 3D Classification: 8 months



HighHigh--Performance Performance ComputingComputing: : 
MultiprocessorMultiprocessor CoresCores

J.R. Bilbao-Castro, et al. J.  Structural Biology, 165: 19-26 (2009)



HighHigh--Performance Performance ComputingComputing::
ParallelParallel computingcomputing

J.J. Fernández, J. Structural Biology 164: 1-6 (2008)



HighHigh--Performance Performance ComputingComputing::
CloudCloud computingcomputing



LocationLocation independencyindependency,,
resourceresource allocationallocation, data transfers, data transfers



FutureFuture ofof HPC HPC forfor Single Single ParticlesParticles
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CloudCloud
computingcomputing

MemoryMemory
requirementsrequirements

DeploymentDeployment costcost

DevelopmentDevelopment costcost

Access Access costcost

Access timeAccess time



SummarySummary

•• 3D 3D ElectronElectron MicroscopyMicroscopy isis a a veryvery intensiveintensive
computationalcomputational tasktask demandingdemanding HPCHPC

•• MostMost importantimportant factor:factor:
– Electron tomography: low execution time
– Single particles: resource allocation

•• DifferentDifferent technologiestechnologies havehave beenbeen exploredexplored
•• WinningWinning technologytechnology::

– Electron Tomography: Multicore+GPU
– Single particles: Local clusters or cloud computing

•• More More efficientefficient developmentdevelopment isis neededneeded
•• ComputationalComputational costcost willwill havehave toto be be explicitlyexplicitly consideredconsidered

in in StructuralStructural studiesstudies
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