
A micro PLUMED2.0 
tutorial for 

ESPREsSo users

Davide Branduardi
Thursday, October 10, 13



TyWhat we will see
How to get the code and the documentation
How to start PLUMED 2.0 from ESPResSo
How to monitor CVs
How to bias CVs 
How to perform and analyze Metadynamics
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Disclaimer 1: I am not an ESPResSo user!
Disclaimer 2: all that you will see is in a document 
which you can download from the web! (do not 

write, just follow)

I assume: linux shell+ ESPResSo input + gnuplot + vmd
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TyWhere you get the code

The executable we will use is accessible on the workstations 
(copy it or link it):

3

/home/davide/software/espresso/Espresso

Setup the environment (bash)
source	
  
/home/davide/software/espresso/SETUP_FULL_ENVIRONMENT.sh

Copy the exercises in your own directory for this tutorial

Test it
plumed	
  help

cp	
  -­‐r	
  /home/davide/software/espresso/plumed_tests	
  .
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TyFor the brave: get it and build it (not now)
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https://github.com/plumed/plumed2Get plumed:

Get ESPResSo (my own fork) along with this tutorial at: 
http://davidebr.github.io/espresso/	
  

Get libmatheval (opt):	
  http://www.gnu.org/
software/libmatheval/	
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TyThe system: tutorial.tcl
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Then in the loop plumed check what to do at every step

Ty 1_basic	
  :	
  how	
  to	
  start	
  plumed

6

Open the tutorial.tcl

You find the following

<- activate plumed
<- set the input (external file)

<- the input

 /home/davide/software/espresso/Espresso	
  tutorial.tcl
Try it
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Ty 1_basic	
  :	
  how	
  to	
  start	
  plumed

What do you get? A banner on stdout and a COLVAR file

7

some features are parallel
the DISTANCE action 

you declared
the PRINT action 

you declared
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Ty 1_basic	
  :	
  how	
  to	
  start	
  plumed

What do you get? A banner on stdout and a COLVAR file
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COLVAR file:
Header: tells what the file 

contains (here time and distance)
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Ty 2_basic_on_off	
  :reset	
  plumed

9

Open the tutorial.tcl
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Ty 2_basic_on_off	
  :reset	
  plumed
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Open the tutorial.tcl

A new COLVAR
 at every round!
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Ty 2_basic_on_off	
  :reset	
  plumed
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Open the tutorial.tcl

Reread the input 
and reinitialize!

A new COLVAR
 at every round!
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Ty

10

3_steer	
  :steer	
  the	
  two	
  ends	
  of	
  chain

give a recipe on how
 to steer the endpoints
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Ty
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3_steer	
  :steer	
  the	
  two	
  ends	
  of	
  chain

give a recipe on how
 to steer the endpoints

selective printout of some components that each action 
has. How to know which are available? Read the output!
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  :steer	
  the	
  two	
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Ty
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3_steer	
  :steer	
  the	
  two	
  ends	
  of	
  chain

enjoy the movie: vmd	
  -­‐e	
  ../test.vmd
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Ty

You can steer (or impose forces) along any of the provided 
collective variables. For example, you might want to see how 
particles collapse around the chain

13

4_coordination_number
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4_coordination_number
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Ty

14

4_coordination_number

define the coordination 
of the chain (atoms 

1-40) with the particles 
(atoms 41-80)
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4_coordination_number

You can bias two CV 
at the same time

define the coordination 
of the chain (atoms 

1-40) with the particles 
(atoms 41-80)
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Ty

A movie on metadynamics: place computational sand to 
remove metastabilities

15

5_metadynamics
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5_metadynamics

how often place the
 new Gaussian
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Ty

A movie on metadynamics: place computational sand to 
remove metastabilities

15

5_metadynamics

how high in energy is 
the Gaussian
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A movie on metadynamics: place computational sand to 
remove metastabilities
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5_metadynamics

how wide is the 
Gaussian in CV units
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5_metadynamics

how wide is the 
Gaussian in CV units

plumed.dat
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5_metadynamics

You get a HILLS file (similar to COLVAR in some ways)

Header: you have 
position, sigma, height, 

biasfactor* and 
multivariate** format 

specifier

*Well-Tempered metad
** Adaptive Gaussians

Thursday, October 10, 13



Ty

To go from the HILLS file to the free-energy estimate you have 
to run plumed as standalone 

17
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Ty

To go from the HILLS file to the free-energy estimate you have 
to run plumed as standalone 

17

5_metadynamics

It produces fes_0.dat fes_1.dat ... files. Let’s visualize them

Wait! The free energy 
does not converge!

Remember: only relative 
differences matter!

Thursday, October 10, 13



Ty

Anyway this free energy is bad....no clear stable state, no 
convergence. How to improve?
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5_metadynamics
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5_metadynamics

1) Parameters choice
2) Collective variable choice
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5_metadynamics

Surfing effect!
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5_metadynamics

Surfing effect!

Smaller sigma
Smaller deposition rate 

(increase PACE)
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Anyway this free energy is bad....no clear stable state, no 
convergence. How to improve?

19

5_metadynamics

Surfing effect!

Smaller sigma
Smaller deposition rate 

(increase PACE)

You cannot overcome 
the typical timescales!
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20

5_metadynamics

and increase the simulated timestep in the 
ESPResSo script!!
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20

5_metadynamics

and increase the simulated timestep in the 
ESPResSo script!!

Much better: 
grows parallel in 

a domain.
Other errors 

are mainly due 
to the CV!
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TyWhere do I go from here?
Explore the CVs!!!! They are many! And can be combined to 
do your own CV in a sort of script!
Try different methods. There is no “best method”! It depends 
on your system!
Plumed is also an analysis tool
Plumed can be a platform to invent your method and CVs
Explore the documentation of PLUMED!!! (also developer doc)

21

Thursday, October 10, 13


