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transitions in biomolecules are (very) infrequent

but transitions are often fast

can (smartly) combine sampling for many shorter simulations

Ensemble scaling
in biomolecular simulations



Different problems, trivial parallelism
• Different drug molecules binding to the same protein
• Different mutations to the same protein

Ensemble parallelism
Processes in cells and experiments involve ensembles of large 
numbers of molecules
We can use ensembles in simulations:
• Do N simulations instead of 1 (trivial, common practice)
• Combine information from N simulations to get answers faster

▪ Markov state modelling
▪ Aggregating data from multiple walkers



Example study:
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Different Approaches

General exploration
● Simple MD simulation
● Replica exchange protocols
● “Flooding”
● Conformational sampling

When you know your reaction coordinate
● Pulling
● Accelerated weighted histogram method



base-pair opening distance

closed open

A reaction coordinate to enhance sampling



Sampling a Boltzmann distribution:
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Sampling from a different Boltzmann distribution

ΔF  >>  kBT
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Trick: add a bias potential to make the effective potential flat
Issue: the potential (or free-energy) is what we are after!

bias function

free energy



Need the free energy to apply the right bias

Calculating the free energy requires the bias,  
the bias requires the free energy
— proceed adaptively!



1. Estimate free energy

2. Set bias

3. Collect (biased) samples

4. Update free energy estimate

Adaptively estimate free energy and applies the bias















Iterative scheme to solve for the 
unknown bias / free-energy:
• collect samples (using MD)
• update the free-energy estimate

Accelerated Weight Histogram Method
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Results for different force fields (models) and base pairs



• AWH can give exponential acceleration of barrier crossings
• We can also use multiple walkers:

▪ typically exchange data every 100 steps
▪ note: at 0.5 ms per step this is every 50 ms

AWH with ensemble parallelism

small system:
10000 atoms,
1 walker/node



Membrane protein: Aquaporin selectivity for water vs ammonia



system size: 80000 atoms

Using 16 walkers instead of 1:
• 4 times faster at 512 cores 

(avoids bad strong scaling)
• Time to solution at 8192 

cores down to 4 hours!

Aquaporin performance
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