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LAMMPS – classical MD simulation engine

▪ Why choose LAMMPS?
 

▪ High-level overview of LAMMPS
 

▪ Neighborlists and Parallelization

▪ Getting started with LAMMPS

▪ OBMD in LAMMPS
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Why choose LAMMPS?

▪ Extremely versatile: MD, DPD, SPH, 
LBM, ...
 

▪ Excellent scallability

▪ Endless functionalities
 

▪ Easy to modify and extend

▪ Large community (matsci.org forum)

▪ Well documented 
https://docs.lammps.org/Manual.html

Biomedicine Discovering models

Engineering

Potisk, et al. Adv. Theory Simul 6. 2023

Jug, et al. Comput. Methods Appl. Mech. Engrg. 2024

Potisk et al. ACS Appl. Nano Mater. 2023

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


High-level overview of LAMMPS

▪ Script-based system for specifying simulation set-ups
 

▪ Key components of input scripts:
 Force fields: several 100
 Fixes: 

 Modify the behavior of the simulation
 Define integrators (NVE, NVT, NPT, NPH, µVT)
 Define walls
 Average quantities
 ...

 Computes: Calculates properties (on-the-fly)
 Dumps: Output of simulation data / computed data



Neighborlists 1/2
▪ Solving a dynamic system for N particles:

▪ Naive way: calculate forces between all pairs of particles
▪ Spatial decomposition method crucial for efficient MD engine
▪ Each processor takes care of a region of the simulation box
▪ During the simulation timestep the processors communicate with each other using 

e.g. MPI or OpenMP framework



Neighborlists 2/2

▪ All particles within a cutoff + skin

▪ Full neighborlist
 

▪ Default in LAMMPS:
▪ Half-neighborlists



Getting started with LAMMPS 1/3
▪ Define units and atom_style

▪ Define boundaries (p – periodic, f – open, s – shrink wrapped)

▪ Set or read initial configuration

▪ Set force-fields

▪ Define neighborlist – details (skin and build type)

 
▪ Define timestep



Getting started with LAMMPS 2/3
▪ Define fix-es

▪ Output to screen or logfile

▪ Dump trajectories

▪ Run the simulation



Getting started with LAMMPS 3/3
▪ Taking into account the default settings:

▪ Command-line options:
 Basic

 Utilizing accelerated features (e.g. KOKKOS)



Open Boundary Molecular Dynamics in LAMMPS
▪ Developed within MultiXscale CoE



▪ Particle exchange is controlled by 
deletions and insertions at each step

▪ Fluxes are conserved by adding forces 
to the buffer particles:

Open Boundary Molecular 
Dynamics in LAMMPS
▪ OBMD implemented as a fix style, 
▪ combining existing fix-es:

 fix deposit (for inserting particles)
 fix evaporate (for particle deletion)
 fix addforce (imposing fluxes)

▪ Boundary: use f – type in the open direction

▪ Define buffer regions



Open Boundary Molecular Dynamics in LAMMPS
▪ Define fix obmd to perform insertion, deletions and impose fluxes



Open Boundary Molecular Dynamics in LAMMPS 

▪ OBMD – also a framework for nonequilibrium MD simulations
▪ E.g.: imposing a shear stress Pxy on a fluid

Density profileVelocity profile



c

Open Boundary Molecular Dynamics in LAMMPS 
▪ Strong scaling analysis of LAMMPS with OBMD on EuroHPC Vega
▪ From 0.25 to 33 M particles. 
▪ Up to 80 GPUs (A100) = 1/3 of EuroHPC Vega GPU partition



Medijski sponzor



Financiranje

Projekt EuroCC 2 financira Evropska unija. Financiran je s sredstvi Skupnega 

podjetja za evropsko visokozmogljivo računalništvo (EuroHPC JU) ter Nemčije, 

Bolgarije, Avstrije, Hrvaške, Cipra, Češke republike, Danske, Estonije, Finske, 

Grčije, Madžarske, Irske, Italije, Litve, Latvije, Poljske, Portugalske, Romunije, 

Slovenije, Španije, Švedske, Francije, Nizozemske, Belgije, Luksemburga, 

Slovaške, Norveške, Turčije, Republike Severne Makedonije, Islandije, Črne 

gore in Srbije v okviru sporazuma o dodelitvi sredstev št. 101101903.

Delovanje Nacionalnega kompetenčnega centra SLING sofinancira Ministrstvo 

za visoko šolstvo, znanost in inovacije.

Medijski sponzor
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