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Motivation

Weighted Ensemble Simulations

“MD simulations capture the dynamics of the walker on the free energy landscape”

Methodology

Applications & Results
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“A protein is like a walker in a high dimensional Free Energy Landscape”

Cowera with Intensity:

Cowera with instantaneous 
values:

FAT with Intensity

FAT with 
Instantaneous 
values

2 Select walker with lowest 
Intensity to merge; M

1 Select walker with highest 
Intensity to clone, C

Select a Merge target T for M; a 
walker which is close Dij < Dmerge

4 Perform cloning and merging 
if Total Variation increases 

5 Repeat 1→ 3 until no 
improvement

3

ALGORITHM

Feature Projection Set the relevant history Adaptive Bin Allocation

Phase , Intensity & Variation Calculation

core features|

● Binless 

● less resources

● Adaptive

● Faster Convergence

● Shorter First Arrival Times 

● ⬇ run-to-run variance

● ⬆robust to misleading cvs

FOLDING AND UNFOLDING OF CHIGNOLIN MINIPROTEIN

FOLDING AND UNFOLDING OF TRP-CAGE MINIPROTEIN

FIRST ARRIVAL TIME COMPARISON WITH GENERAL DIRECTED SCHEMES

FOLDING

FOLDING

UNFOLDING

UNFOLDING

Software Availability

1. The Software is freely available at https://github.com/TeamSuman/CoWERA.
2. To see our other endeavours go to  https://www.teamsuman.org/research

Traditional WE

High dimensional Complex Free energy landscape

Number of conformation increases 
exponentially with size of the protein.

The large number of variables 
defining a protein's 

conformation leads to the 
“curse of dimensionality”

Proteins: essential 
macromolecules in 
living organisms, 
characterised by unique 
amino acid sequence.

Walker

ENTROPIC BOTTLENECK

ENTHALPIC 
BOTTLENECK

PES

“HOW TO ENHANCE THE 
SAMPLING AND CAPTURE 

ACCURATE DYNAMICS WITHOUT 
RUNNING LONG MD 

SIMULATIONS?”

NATIVE 
STATE

MD SIMULATIONS

P(x) ∝ exp( - β * ∆E(x))

PROBLEMS (HUBER & KIM RESAMPLING):
[BINNED WE]

1. Resource intensive : maintaining “n” 
walkers in “N” bins that is n x N parallel 
simulations.

2. Needs Optimal Bin Allocation : prior 
information or multiple trials isrequired. 

3. Has convergence issues and high 
run-to-run variance.

Warp the walkers that 
reached the target 
state to the initial state

WARPING

Run short md 
simulations

DYNAMICS

perform cloning and 
merging maintaining 
“n” walkers in each bin.

RESAMPLING 1 WE CYCLE

RESAMPLING

CLONING MERGING
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