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Sub-pannels

� Molecular Simulation

� Genomics

� Systems Biology

� Medical Simulation
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First experts meeting
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Cross Issues (WG 4.1) Industry trends

� Data Storage

� Memory capacity

� Network bandwidth

� Hardware accelerators
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Cross-issues (WG 3.3 & 4.4)  

Multi-scale coupled simulation
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MD: Size

� Simulations of biological 

systems that are 1000 times 

bigger than those possible 

today. 

� An example would be realistic 

cell membrane models with 

drug permeation and binding.

� Because of the large data, 

distributed systems are not an 

option. 
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MD: Complexity

� Simulations that are 1000 

times more 

computationally complex

than those possible today. 

� An example would be 

simulations of biomolecules

based purely on quantum 

mechanical principles. 

� Exascale computing will be 

capable but will need high 

memory per core
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MD: Length

� Simulations that cover 

timescales 1000 times 

longer than those possible 

today. 

� Studies of the dynamics of 

protein folding and molecular 

motors that take up to 

seconds of real time. 

� Time cannot be parallelized. 

Anton (a specific purpose 

architecture) is capable to run 

100 longer (3~5 years ahead)
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Genomics: Memory and Data issues

Data: Growing fast, 
Heterogeneous, Distributed, 
Partially confidential

Genomes (euk) 102 (prok) 103

Sequences (bp) 1011

Experiments (GEO-sampl) 105

Mutations 108

Literature 107

Proteins 107

Structures 104

Chemicals  107
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Systems Biology : Complexity

Patrick Aloy & Co, IRBB
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Exascale models for Systems Biology

?
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Medical simulation: Human Brain Project

Felix Schürmann, Herny Markram (Blue Brain Project, EPFL)
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Software

� MD: Gromacs, AMBER, NAMD 

� Quantum Chemistry: Dalton, GAMESS, Gaussian 

� Sequence : BWA, BLAST/BLASTMPI, 

CLUSTALW, HMMER 

� Docking: Autodock, Glide, Dock, Flexx, FTDock, 

LigandFit, PyDock
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Summary

� Molecular Dynamics 

� Data expected to grow 10~100 times, competitiveness 
vs ASIC,  Exascale capability for complex systems and 
biased-sampling techniques

� Genomics 

� Data management, high I/O requirement, constant 
application development, training 

� Systems Biology 

� Multi-scale simulation, visualization tools, hardware 
flexibility for new software development, data handling 

� Medical Simulation

� Data Management, real-time monitoring, Exabyte 
memory, data transfer, Multi-scale


