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From	  Atomically	  Detailed	  Trajectories	  to	  
Equa(ons	  for	  the	  Density:	  Coarse	  Graining	  by	  
Milestoning

Ron	  Elber

•	  Milestoning:	  dynamical	  coarse	  graining	  for	  rare	  
events/slow	  processes

•	  High	  dimensional	  milestoning:	  many	  collec9ve	  
variables

•	  Membranes,	  DNA-‐fragmenta9on

•	  Milestoning	  in	  non-‐equilibrium?
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Tackling	  Long	  Timescales	  in	  Molecular	  Dynamics

Carsten	  Hartmann

•	  Rare	  events	  sampling	  -‐	  op9mal	  control

•	  Increase	  rate	  of	  rare	  events	  with	  non-‐
equilibrium	  driving	  à	  la	  Jarzynski

•	  Sta9s9cal	  problem	  of	  exponen9al	  averages:	  
op9mum	  bias	  by	  entropy	  minimiza9on
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Time-‐dependent	  Non-‐equilibrium	  Molecular	  
Dynamics

Giovanni	  Cicco4

•MD	  beyond	  sta9onary	  states	  (equilibrium	  and	  non-‐
equilibrium):	  9me	  dependent	  situa9ons

•Based	  on	  generaliza9on	  of	  linear	  response
•Onsager-‐Green-‐Kubo-‐Jacucci-‐McDonald-‐CiccoS

•Hydrodynamic	  relaxa9on	  at	  fluid-‐fluid	  interface
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Sta(s(cal	  Mechanics	  of	  Hamiltonian	  AdResS

Pep	  Español

•	  Adap9ve	  Resolu9on	  Simula9on

•	  Change	  level	  of	  coarse	  graining	  dynamically	  -‐	  
add/remove	  DOFs

•	  Do	  the	  switching	  at	  the	  level	  of	  Hamiltonian



6

Stochas(c	  methods	  (for	  dynamics)
-‐	  Langevin	  dynamics	  
-‐	  direct	  simula9on	  Monte	  Carlo
-‐	  kine9c	  Monte	  Carlo
-‐	  laSce	  Boltzmann
-‐	  dissipa9ve	  par9cle	  dynamics
-‐	  mul9collision	  dynamics
-‐	  milestoning

1.	  Select	  coordinates	  to	  keep
2.	  Postulate	  propaga(on	  rules	  that	  mimic	  dynamics	  
3.	  Tune	  rules	  to	  reproduce	  important	  proper(es

More	  systema(c	  approaches	  to	  coarse	  grain	  dynamics?
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Non-equilibrium 
processes 

Equilibrium

Stationary
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Exact	  non-‐equilibrium	  results:
 Linear response theory
 Jarzynski equation
 Crooks fluctuation theorem
 Hatano-Sasa equation 
 Mapping to equilibrium system

Non-equilibrium 

Equilibrium

No	  microscopic	  theory	  à	  la	  Boltzmann-‐
Gibbs	  for	  non-‐equilibrium	  processes!	  

-‐	  Can	  we	  use	  above	  rela(ons	  to	  develop	  (efficient)	  algorithms?	  	  
-‐	  Do	  we	  need	  a	  microscopic	  theory?	  AYer	  all,	  we	  have	  simula(on!


