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Why OpenMM

• Has a high level wrapper that make the code 
platform independent. 

• One code, works both on CPU and GPU 

• Has autograd (automatic gradient calculation), 
only the definition of Energy is needed. 

• The derivative with respect to coordniates are 
computed automatically.



What you need to run a 
simulation starting with a PDB file
1.Set up the system from a PDB file or Amber 
input.  

2.Define the force fields. 

3.Combine system, forcefield, and integrator. 

4.Perform the simulation. 

5.Analyze the results.



Start from Amber or Gromac input file

Start from PDB

Setting up the System



Reference 
https://github.com/npschafer/openawsem/blob/master/awsem.xml 

https://github.com/cabb99/open3spn2/blob/master/open3SPN2/3SPN2.xml 
https://github.com/openmm/openmm/blob/master/wrappers/python/openmm/app/data/tip3p.xml 

Example XML file (from PDB)

https://github.com/npschafer/openawsem/blob/master/awsem.xml
https://github.com/cabb99/open3spn2/blob/master/open3SPN2/3SPN2.xml
https://github.com/openmm/openmm/blob/master/wrappers/python/openmm/app/data/tip3p.xml


Example XML file (from PDB) 
Without bond definition



6.1.1. Atom Types and Atom Classes¶
Force field parameters are assigned to atoms based on their “atom types”. Atom types should be the most specific 
identification of an atom that will ever be needed. Two atoms should have the same type only if the force field will 
always treat them identically in every way.
Multiple atom types can be grouped together into “atom classes”. In general, two types should be in the same 
class if the force field usually (but not necessarily always) treats them identically. For example, the 𝛼-carbon of an 
alanine residue will probably have a different atom type than the 𝛼-carbon of a leucine residue, but both of them 
will probably have the same atom class.
All force field parameters can be specified either by atom type or atom class. Classes exist as a convenience to 
make force field definitions more compact. If necessary, you could define everything in terms of atom types, but 
when many types all share the same parameters, it is convenient to only have to specify them once.

More information at the section 6 of the openmm user guide. 
http://docs.openmm.org/latest/userguide/application.html#creating-force-fields

The definition of Atom



6.1.2. Residue Templates¶
Types are assigned to atoms by matching residues to templates. A template specifies a list of atoms, the type of 
each one, and the bonds between them. For each residue in the PDB file, the force field searches its list of 
templates for one that has an identical set of atoms with identical bonds between them. When matching templates, 
neither the order of the atoms nor their names matter; it only cares about their elements and the set of bonds 
between them. (The PDB file reader does care about names, of course, since it needs to figure out which atom 
each line of the file corresponds to.)

The definition of Residue



Here we define the simplest case: a CA model

Read in the XML



Prepare the input file 



Three ways of defining the same force field

http://docs.openmm.org/latest/api-python/generated/
simtk.openmm.openmm.CustomBondForce.html#simtk.openmm.openmm.CustomBondForce

Default Units



Define another force field.



Combine system, forcefield, and integrator.



Perform the simulation.



Compute the energy for the initial structure



Analyze the results.



Analysis, Energy evaluation




