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❖General introduction of LAMMPS 

❖ Core files in LAMMPS and their structure

❖ A visualization software

❖ An example
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• Acronym for Large-scale Atomic/Molecular Massively Parallel Simulator.

• It is not the only package for Molecular Dynamics (MD) simulations

• Has big user community (google-able for problems)

• Primarily a molecular dynamics code, but can be used for energy

minimization, monte carlo or dissipative particle dynamics

Short introduction to Lammps



• Can model systems from a few particles up to billions of particles

• Freely available, open-source code

• Current version is written in C++

• Can run on single-processor laptop/desktop, but optimized for clusters

• …

Short introduction to Lammps



Conventions of Lammps
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Conventions of Lammps

Periodic boundary conditions

P: periodic

S: non-periodic



Conventions of Lammps

Units



General process of Lammps



Input files

File structure

• Each new simulation better be run in a new directory

• This directory should contain some required input files containing

information about the system to simulate.

• The simulation will generate a list of output files containing the

outcomes of the simulation



Input files

List of typical input files

• structure.data-data file: contains the size of the system, the number of

atoms, the number of atom types, the mass of each type, the position of

each atom (and potentially their velocity).

• in.filename-inputfile: contain the instructions of the tasks to perform

and related parameters.

• Ni.eam-potential file (when necessary): information about the potential



Input files

Typical data file

# Polymer Chain data file

20 atoms
19 bonds

1 atom types
1 bond types

0 20 xlo xhi
0 20 ylo yhi
0 20 zlo zhi

Masses

1 1.00

Atoms  # bond ( atom-ID molecule-ID atom-type x y z)

1    1     1    5.0     2.0     10.0
….

Bonds # bond-ID bond-type atomID1 atomID2)

1    1    1    2
….



Input files

Typical input file
# Polymer Chain input file
units lj
boundary      p p p
atom_style bond
read_data datafile

pair_style lj/cut   1.122461
pair_modify shift   yes
pair_coeff 1  1  1.0   1.0   1.122461
bond_style fene
bond_coeff * 30.0 1.5 1.0 1.0

dump 1 all atom 100 md.lammpstrj id type x y z
timestep 0.01
minimize        1.0e-8 1.0e-8 1000 10000

fix 1 all nvt temp 1000 1000 100
run 50000

write_data 100.data



Input files

Typical input file

https://docs.lammps.org/Manual.html



Input files

Typical input file

# Polymer Chain input file
units lj
boundary      p p p
atom_style bond
read_data datafile

pair_style lj/cut   1.122461
pair_modify shift   yes
pair_coeff 1  1  1.0   1.0   1.122461
bond_style fene
bond_coeff * 30.0 1.5 1.0 1.0

dump 1 all atom 100 md.lammpstrj id type x y z
timestep 0.01
minimize        1.0e-8 1.0e-8 1000 10000

fix 1 all nvt temp 1000 1000 100
run 50000

write_data 100.data



Output files

List of typical output files

• finalstructure.dat-data file: final structure information

• md.lammpstrj-trajectory file: for visualization and analysis.

• Log.lammps-log file: store all the actions performed by Lammps.: 

information about the potential



https://ovito.org

OVITO installation



Enable single-view window

Visualize MD trajectory 



Visualize MD trajectory 



Sequential frames in the trajectory

Visualize MD trajectory 



Try out simple analysis

Visualize MD trajectory 



Capture figures for publications

Visualize MD trajectory 



Lammps installation

http://lammps.sandia.gov/download.html

How to run it:  lmp_serial –in inputFile

or lmp_serial < inputFile

http://lammps.sandia.gov/download.html


Brief polymer physics

The simplest model for polymer chains: fully flexible model
Polymer monomers by beads 
Neighbor monomers bonded by free joints (covalent bonds)

Example: building a fully flexible polymer chain



Coarse-graining:

One bead = one monomer

What is needed:

1. 3D coordinates of all beads

2. Neighbor beads pairs 

Example: building a fully flexible polymer chain



Two files for Lammps:

data file: structure information

input file: simulation control

Example: building a fully flexible polymer chain



data file:

Number of atoms

number of bonds

Number of atom & bond types

Masses of atoms

Atoms

bonds

5 atoms
4 bonds

1 atom types
1 bond types

0 20 xlo xhi
0 20 ylo yhi
0 20 zlo zhi

Masses

1  1.00

Atoms

1    1     1    5     2     10
2 1     1    5     3     10
3 3    1     1    5     4     10
4 4    1     1    5    5     10
5 5    1     1    5     6     10

Bonds

1    1    1    2
….

Example 

Example: building a fully flexible polymer chain



input file:

Choose units system for the system

Read atomistic structure 

Setup non-bonded and boned interactions

Choose time step and generate initial velocity

Choose simulation ensemble

Set simulation length and run

# Polymer Chain input file

units lj
atom_style bond

read_data datafile

pair_style lj/cut   1.122461
pair_modify shift   yes
pair_coeff 1  1  1.0   1.0   1.122461

bond_style fene
bond_coeff * 30.0 1.5 1.0 1.0

dump 1 all atom 100 traj.lammpstrj

timestep 0.01
velocity all  create  1.0  12345

fix 1 all nvt temp 100 100 100
run 5000

Example: building a fully flexible polymer chain



Print out system information

commands:

thermo_style custom step pe ke press vol etotal ….

http://lammps.sandia.gov/doc/thermo_style.html

thermo 50

http://lammps.sandia.gov/doc/thermo_style.html

Example: building a fully flexible polymer chain



Making bigger systems

replicate command in Lammps:  replicate 2 2 2

Example: building a fully flexible polymer chain
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