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all-atom peptide model coarse-grained models of varying detail
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What to match?
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pA(i) atomistic ensemble probability for 
configuration i, determined by UAA(r)

pCG(i) coarse-grained ensemble probability 
for configuration i, determined by UCG(R)

0
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Shell, JCP (2008); Chaimovich and Shell, PRE (2010); Chaimovich and Shell, JCP (2011)

information 
loss
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M = mapping function for turning
atomistic configurations into CG  ones

entropy due to loss 
of degrees of freedom
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What to match?



Constraints
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from single 
reference atomistic 
simulation

from iterative CG simulations
as force field parameters converge
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relative entropy



reference all-atom 
simulation

trial coarse grained 
simulation(s)
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25 chains of (ALA)15







82‒444 
parameters



Carmichael and Shell, JCP (2012)



Faraday Discuss. 146, 299 (2010)

surface force apparatus
OTE chemisorbed on mica



two length scale picture

open, tetrahedral structure in 
competition with close-packing

detailed, all-atom picture

accessibility of hydrogen bonding 
interactions
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atomistic
SPC/E water

coarse-grained
spline potential

Chaimovich and Shell, PCCP (2009)
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experimental surface tensions for water-hydrocarbons  50 mJ/m2
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Conclusions
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quantum 
mechanics

classical atomic
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E  = H 

The relative entropy provides a systematic strategy for moving to 
coarse-grained models and large-scale behavior.





Canonical ensemble
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Variational mean field theory from Srel

Canonical ensemble:
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Unconstrained Srel minimization gives true PMFs

Canonical ensemble:
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Connections of Srel to other CG methods

Iterative Boltzmann inversion:

Force matching:
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