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LAMMPS stands for Large-scale Atomic/Molecular Massively Parallel Simulator.

LAMMPS is a classical molecular dynamics simulation code focusing on materials modeling. It was designed to
run efficiently on parallel computers and to be easy to extend and modify. Originally developed at Sandia National
Laboratories, a US Department of Energy facility, LAMMPS now includes contributions from many research groups
and individuals from many institutions. Most of the funding for LAMMPS has come from the US Department of
Energy (DOE). LAMMPS is open-source software distributed under the terms of the GNU Public License Version 2
(GPLV2).

The LAMMPS website has a variety of information about the code. It includes links to an online version of this
manual, an online forum where users can post questions and discuss LAMMPS, and a GitHub site where all LAMMPS
development is coordinated.

The content for this manual is part of the LAMMPS distribution in its doc directory.

* The version of the manual on the LAMMPS website corresponds to the latest LAMMPS feature release. It is
available at: https://docs.lammps.org/.

* A version of the manual corresponding to the latest LAMMPS stable release (state of the stable branch on GitHub)
is available online at: https://docs.Jammps.org/stable/

¢ A version of the manual with the features most recently added to LAMMPS (state of the develop branch on
GitHub) is available at: https://docs.lammps.org/latest/

If needed, you can build a copy on your local machine of the manual (HTML pages or PDF file) for the version
of LAMMPS you have downloaded. Follow the steps on the Build the LAMMPS documentation page. If you have
difficulties viewing the pages, please see this note.

The manual is organized into three parts:
1. The User Guide with information about how to obtain, configure, compile, install, and use LAMMPS,

2. the Programmer Guide with information about how to use the LAMMPS library interface from different program-
ming languages, how to modify and extend LAMMPS, the program design, internal programming interfaces, and
code design conventions,

3. the Command Reference with detailed descriptions of all input script commands available in LAMMPS.

LAMMPS DOCUMENTATION 1


https://www.lammps.org
https://www.lammps.org/forum.html
https://github.com/lammps/lammps
https://docs.lammps.org/
https://docs.lammps.org/stable/
https://docs.lammps.org/latest/

LAMMPS Documentation, Release 7Feb2024 update1

2 LAMMPS DOCUMENTATION



Part 1

User Guide







CHAPTER
ONE

INTRODUCTION

These pages provide a brief introduction to LAMMPS.

1.1 Overview of LAMMPS

LAMMPS is a classical molecular dynamics (MD) code that models ensembles of particles in a liquid, solid, or gaseous
state. It can model atomic, polymeric, biological, solid-state (metals, ceramics, oxides), granular, coarse-grained, or
macroscopic systems using a variety of interatomic potentials (force fields) and boundary conditions. It can model 2d
or 3d systems with sizes ranging from only a few particles up to billions.

LAMMPS can be built and run on single laptop or desktop machines, but is designed for parallel computers. It will
run in serial and on any parallel machine that supports the MPI message-passing library. This includes shared-memory
multicore, multi-CPU servers and distributed-memory clusters and supercomputers. Parts of LAMMPS also support
OpenMP multi-threading, vectorization, and GPU acceleration.

LAMMPS is written in C++ and requires a compiler that is at least compatible with the C++-11 standard. Earlier
versions were written in F77, F90, and C++-98. See the History page of the website for details. All versions can be
downloaded as source code from the LAMMPS website.

LAMMPS is designed to be easy to modify or extend with new capabilities, such as new force fields, atom types,
boundary conditions, or diagnostics. See the Modifying & extending LAMMPS section of for more details.

In the most general sense, LAMMPS integrates Newton’s equations of motion for a collection of interacting particles.
A single particle can be an atom or molecule or electron, a coarse-grained cluster of atoms, or a mesoscopic or macro-
scopic clump of material. The interaction models that LAMMPS includes are mostly short-ranged in nature; some
long-range models are included as well.

LAMMPS uses neighbor lists to keep track of nearby particles. The lists are optimized for systems with particles that
are repulsive at short distances, so that the local density of particles never becomes too large. This is in contrast to
methods used for modeling plasma or gravitational bodies (like galaxy formation).

On parallel machines, LAMMPS uses spatial-decomposition techniques with MPI parallelization to partition the sim-
ulation domain into subdomains of equal computational cost, one of which is assigned to each processor. Processors
communicate and store “ghost” atom information for atoms that border their subdomain. Multi-threading paralleliza-
tion and GPU acceleration with particle-decomposition can be used in addition.
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1.2 What does a LAMMPS version mean

The LAMMPS “version” is the date when it was released, such as 1 May 2014. LAMMPS is updated continuously,
and we aim to keep it working correctly and reliably at all times. Also, several variants of static code analysis are run
regularly to maintain or improve the overall code quality, consistency, and compliance with programming standards,
best practices and style conventions. You can follow its development in a public git repository on GitHub.

Each version of LAMMPS contains all the documented features up to and including its version date. For recently added
features, we add markers to the documentation at which specific LAMMPS version a feature or keyword was added or
significantly changed.

1.2.1 Identifying the Version

The version date is printed to the screen and log file every time you run LAMMPS. There also is an indication, if a
LAMMPS binary was compiled from version with modifications after arelease. It is also visible in the file src/version.h
and in the LAMMPS directory name created when you unpack a downloaded tarball. And it is on the first page of the
manual.

* If you browse the HTML pages of the online version of the LAMMPS manual, they will by default describe the
most current feature release version of LAMMPS. In the navigation bar on the bottom left, there is the option
to view instead the documentation for the most recent stable version or the documentation corresponding to the
state of the development branch.

¢ If you browse the HTML pages included in your downloaded tarball, they describe the version you have, which
may be older than the online version.

1.2.2 LAMMPS releases, branches, and tags

Development branches Release branches:

Feature release
Pull qu'uests Merge commits ‘develop' branch (every 4-8 weeks) -
on GitHub

Backports of bugfixes

'maintenance’ branch

Fig. 1: Relations between releases, main branches, and tags in the LAMMPS git repository

Applied tags

Stable relpase
(once per Year)
A
‘stable’ branch e

'release' branch

Updates to stable release

Reset on stable release

" stable_<date>_update<num> ‘

Development

Modifications of the LAMMPS source code (like bug fixes, code refactoring, updates to existing features, or addition of
new features) are organized into pull requests. Pull requests will be merged into the develop branch of the git repository
after they pass automated testing and code review by the LAMMPS developers.
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Feature Releases

When a sufficient number of new features and updates have accumulated and the LAMMPS version on the develop
branch passes an extended set of automated tests, we release it as a feature release, which are currently made every 4
to 8 weeks. The release branch of the git repository is updated with every such feature release and a tag in the format
patch_1May2014 is added. A summary of the most important changes of these releases for the current year are posted
on this website page. More detailed release notes are available on GitHub.

Stable Releases

About once a year, we release a stable release version of LAMMPS. This is done after a ““stabilization period” where we
apply only bug fixes and small, non-intrusive changes to the develop branch but no new features. At the same time, the
code is subjected to more detailed and thorough manual testing than the default automated testing. After such a stable
release, both the release and the stable branches are updated and two tags are applied, a patch_1May2014 format and
a stable_1May2014 format tag.

Stable Release Updates

Between stable releases, we collect bug fixes and updates back-ported from the develop branch in a branch called
maintenance. From the maintenance branch we make occasional stable update releases and update the stable branch
accordingly. The first update to the stable_1May2014 release would be tagged as stable_1May2014_updatel.
These updates contain no new features.

1.3 LAMMPS features

LAMMPS is a classical molecular dynamics (MD) code with these general classes of functionality:
1. General features

Particle and model types

Interatomic potentials (force fields)

Atom creation

Ensembles, constraints, and boundary conditions

Integrators

Diagnostics

Output

© ® N A » N

Multi-replica models

—_
e

Pre- and post-processing

—
p—

. Specialized features (beyond MD itself)
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1.3.1 General features

* runs on a single processor or in parallel

* distributed memory message-passing parallelism (MPI)

¢ shared memory multi-threading parallelism (OpenMP)

* spatial decomposition of simulation domain for MPI parallelism

* particle decomposition inside spatial decomposition for OpenMP and GPU parallelism

* GPLv2 licensed open-source distribution

* highly portable C++-11

* modular code with most functionality in optional packages

* only depends on MPI library for basic parallel functionality, MPI stub for serial compilation
* other libraries are optional and only required for specific packages

* GPU (CUDA, OpenCL, HIP, SYCL), Intel Xeon Phi, and OpenMP support for many code features
* easy to extend with new features and functionality

* runs from an input script

* syntax for defining and using variables and formulas

* syntax for looping over runs and breaking out of loops

* run one or multiple simulations simultaneously (in parallel) from one script

* build as library, invoke LAMMPS through library interface (from C, C++, Fortran) or provided Python wrapper
or SWIG based wrappers

* couple with other codes: LAMMPS calls other code, other code calls LAMMPS, umbrella code calls both, MDI
coupling interface

* call out to Python for computing forces, time integration, or other tasks
* plugin interface for loading external features at runtime

» large integrated collection of tests

1.3.2 Particle and model types

(See atom style command)
* atoms
* coarse-grained particles (e.g. bead-spring polymers)
* united-atom polymers or organic molecules
* all-atom polymers, organic molecules, proteins, DNA
* metals
* metal oxides
* granular materials
* coarse-grained mesoscale models

* finite-size spherical and ellipsoidal particles
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finite-size line segment (2d) and triangle (3d) particles
finite-size rounded polygons (2d) and polyhedra (3d) particles
point dipole particles

particles with magnetic spin

rigid collections of n particles

hybrid combinations of these

1.3.3 Interatomic potentials (force fields)

(See pair style, bond style, angle style, dihedral style, improper style, kspace style commands)

pairwise potentials: Lennard-Jones, Buckingham, Morse, Born-Mayer-Huggins, Yukawa, soft, Class IT (COM-
PASS), hydrogen bond, harmonic, gaussian, tabulated, scripted

charged pairwise potentials: Coulombic, point-dipole

many-body potentials: EAM, Finnis/Sinclair, MEAM, MEAM+SW, EIM, EDIP, ADP, Stillinger-Weber, Tersoff,
REBO, AIREBO, ReaxFF, COMB, Streitz-Mintmire, 3-body polymorphic, BOP, Vashishta

machine learning potentials: ACE, AGNI, GAP, Behler-Parrinello (N2P2), POD, RANN
interfaces to ML potentials distributed by external groups: ANI, ChIMES, DeepPot, HIPNN, MTP

long-range interactions for charge, point-dipoles, and LJ dispersion: Ewald, Wolf, PPPM (similar to particle-
mesh Ewald), MSM, ScaFaCoS

polarization models: QFEq, core/shell model, Drude dipole model

charge equilibration (QEq via dynamic, point, shielded, Slater methods)

coarse-grained potentials: DPD, GayBerne, REsquared, colloidal, DLVO, oxDNA / oxRNA, SPICA
mesoscopic potentials: granular, Peridynamics, SPH, mesoscopic tubular potential (MESONT)

semi-empirical potentials: multi-ion generalized pseudopotential theory (MGPT), second moment tight binding
+ QEq (SMTB-Q)

electron force field (eFF, AWPMD)

bond potentials: harmonic, FENE, Morse, nonlinear, Class Il (COMPASS), quartic (breakable), tabulated,
scripted

angle potentials: harmonic, CHARMM, cosine, cosine/squared, cosine/periodic, Class II (COMPASS), tabu-
lated, scripted

dihedral potentials: harmonic, CHARMM, multi-harmonic, helix, Class II (COMPASS), OPLS, tabulated,
scripted

improper potentials: harmonic, cvff, umbrella, Class II (COMPASS), tabulated
polymer potentials: all-atom, united-atom, bead-spring, breakable

water potentials: TIP3P, TIP4P, SPC, SPC/E and variants

interlayer potentials for graphene and analogues, hetero-junctions
metal-organic framework potentials (QuickFF, MO-FF)

implicit solvent potentials: hydrodynamic lubrication, Debye

force-field compatibility with CHARMM, AMBER, DREIDING, OPLS, GROMACS, Class II (COMPASS),
UFF, ClayFF, DREIDING, AMOEBA, INTERFACE

1.3.

LAMMPS features 9



LAMMPS Documentation, Release 7Feb2024 update1

access to the OpenKIM Repository of potentials via the kim command

* hybrid potentials: multiple pair, bond, angle, dihedral, improper potentials can be used in one simulation

* overlaid potentials: superposition of multiple pair potentials (including many-body) with optional scale factor

1.3.4 Atom creation

(See read_data, lattice, create_atoms, delete_atoms, displace_atoms, replicate commands)

read in atom coordinates from files

create atoms on one or more lattices (e.g. grain boundaries)
delete geometric or logical groups of atoms (e.g. voids)
replicate existing atoms multiple times

displace atoms

1.3.5 Ensembles, constraints, and boundary conditions

(See fix command)

2d or 3d systems

orthogonal or non-orthogonal (triclinic symmetry) simulation domains

constant NVE, NVT, NPT, NPH, Parrinello/Rahman integrators

thermostatting options for groups and geometric regions of atoms

pressure control via Nose/Hoover or Berendsen barostatting in 1 to 3 dimensions
simulation box deformation (tensile and shear)

harmonic (umbrella) constraint forces

rigid body constraints

SHAKE / RATTLE bond and angle constraints

motion constraints to manifold surfaces

Monte Carlo bond breaking, formation, swapping, template based reaction modeling

atom/molecule insertion and deletion
walls of various kinds, static and moving
non-equilibrium molecular dynamics (NEMD)

variety of additional boundary conditions and constraints

10
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1.3.6 Integrators

(See run, run_style, minimize commands)
* velocity-Verlet integrator
* Brownian dynamics
* rigid body integration
* energy minimization via conjugate gradient, steepest descent relaxation, or damped dynamics (FIRE, Quickmin)
* rRESPA hierarchical timestepping
* fixed or adaptive time step

* rerun command for post-processing of dump files

1.3.7 Diagnostics

e see various flavors of the fix and compute commands

* introspection command for system, simulation, and compile time settings and configurations

1.3.8 Output

(dump, restart commands)
¢ log file of thermodynamic info
* text dump files of atom coordinates, velocities, other per-atom quantities
* dump output on fixed and variable intervals, based timestep or simulated time
* binary restart files
e parallel I/O of dump and restart files
* per-atom quantities (energy, stress, centro-symmetry parameter, CNA, etc.)
* user-defined system-wide (log file) or per-atom (dump file) calculations
e custom partitioning (chunks) for binning, and static or dynamic grouping of atoms for analysis
* spatial, time, and per-chunk averaging of per-atom quantities
* time averaging and histogramming of system-wide quantities
* atom snapshots in native, XYZ, XTC, DCD, CFG, NetCDF, HDF5, ADIOS2, YAML formats

¢ on-the-fly compression of output and decompression of read in files

1.3. LAMMPS features 11
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1.3.9 Multi-replica models

* nudged elastic band

* hyperdynamics

* parallel replica dynamics

* temperature accelerated dynamics

* parallel tempering

e path-integral MD: first variant, second variant

¢ multi-walker collective variables with Colvars and Plumed

1.3.10 Pre- and post-processing
* A handful of pre- and post-processing tools are packaged with LAMMPS, some of which can convert input and
output files to/from formats used by other codes; see the Tools page.

* Our group has also written and released a separate toolkit called Pizza.py which provides tools for doing setup,
analysis, plotting, and visualization for LAMMPS simulations. Pizza.py is written in Python and is available for
download from the Pizza.py WWW site.

1.3.11 Specialized features
LAMMPS can be built with optional packages which implement a variety of additional capabilities. See the Optional
Packages page for details.
These are LAMMPS capabilities which you may not think of as typical classical MD options:
e static and dynamic load-balancing, optional with recursive bisectioning decomposition
» generalized aspherical particles
e stochastic rotation dynamics (SRD)
* real-time visualization and interactive MD, built-in renderer for images and movies
e calculate virtual diffraction patterns
e calculate finite temperature phonon dispersion and the dynamical matrix of minimized structures
* atom-to-continuum coupling with finite elements
* coupled rigid body integration via the POEMS library
* OM/MM coupling
* Monte Carlo via GCMC and #fMC and atom swapping
* path-integral molecular dynamics (PIMD) and this as well
* Direct Simulation Monte Carlo for low-density fluids
* Peridynamics modeling
e Lattice Boltzmann fluid
* targeted and steered molecular dynamics

* two-temperature electron model
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1.4

LAMMPS non-features

LAMMPS is designed to be a fast, parallel engine for molecular dynamics (MD) simulations. It provides only a modest
amount of functionality for setting up simulations and analyzing their output.

Originally, LAMMPS was not conceived and designed for:

being run through a GUI

building molecular systems, or building molecular topologies
assign force-field coefficients automagically

perform sophisticated analysis of your MD simulation
visualize your MD simulation interactively

plot your output data

Over the years many of these limitations have been reduced or removed. In part through features added to LAMMPS
and in part through external tools that either closely interface with LAMMPS or extend LAMMPS.

Here are suggestions on how to perform these tasks:

GUI: LAMMPS can be built as a library and a Python module that wraps the library interface is provided. Thus,
GUI interfaces can be written in Python or C/C++ that run LAMMPS and visualize or plot its output. Examples
of this are provided in the python directory and described on the Python doc page. As of version 2 August 2023
a GUI tool is included in LAMMPS. Also, there are several external wrappers or GUI front ends.

Builder: Several pre-processing tools are packaged with LAMMPS. Some of them convert input files in formats
produced by other MD codes such as CHARMM, AMBER, or Insight into LAMMPS input formats. Some of
them are simple programs that will build simple molecular systems, such as linear bead-spring polymer chains.
The moltemplate program is a true molecular builder that will generate complex molecular models. See the
Tools page for details on tools packaged with LAMMPS. The Pre-/post-processing page of the LAMMPS home-
page describes a variety of third party tools for this task. Furthermore, some internal LAMMPS commands
allow reconstructing, or selectively adding topology information, as well as provide the option to insert molecule
templates instead of atoms for building bulk molecular systems.

Force-field assignment: The conversion tools described in the previous bullet for CHARMM, AMBER, and
Insight will also assign force field coefficients in the LAMMPS format, assuming you providle CHARMM, AM-
BER, or BIOVIA (formerly Accelrys) force field files. The tools ParmEd and InterMol are particularly powerful
and flexible in converting force field and topology data between various MD simulation programs.

Simulation analysis: If you want to perform analysis on-the-fly as your simulation runs, see the compute and
Jix doc pages, which list commands that can be used in a LAMMPS input script. Also see the Modify page for
info on how to add your own analysis code or algorithms to LAMMPS. For post-processing, LAMMPS output
such as dump file snapshots can be converted into formats used by other MD or post-processing codes. To some
degree, that conversion can be done directly inside LAMMPS by interfacing to the VMD molfile plugins. The
rerun command also allows post-processing of existing trajectories, and through being able to read a variety of
file formats, this can also be used for analyzing trajectories from other MD codes. Some post-processing tools
packaged with LAMMPS will do these conversions. Scripts provided in the tools/python directory can extract
and massage data in dump files to make it easier to import into other programs. See the 7ools page for details on
these various options.

Visualization: LAMMPS can produce NETPBM, JPG, or PNG format snapshot images on-the-fly via its dump
image command and pass them to an external program, FFmpeg, to generate movies from them. For high-quality,
interactive visualization, there are many excellent and free tools available. See the Visualization Tools page of
the LAMMPS website for visualization packages that can process LAMMPS output data.

1.4.
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* Plotting: See the next bullet about Pizza.py as well as the Python page for examples of plotting LAMMPS output.
Scripts provided with the python tool in the tools directory will extract and process data in log and dump files
to make it easier to analyze and plot. See the Tools doc page for more discussion of the various tools.

e Pizza.py: Our group has also written a separate toolkit called Pizza.py which can do certain kinds of setup,
analysis, plotting, and visualization (via OpenGL) for LAMMPS simulations. It thus provides some functionality
for several of the above bullets. Pizza.py is written in Python and is available for download from this page.

1.5 LAMMPS portability and compatibility

The primary form of distributing LAMMPS is through highly portable source code. But also several ways of obtaining
LAMMPS as precompiled packages or through automated build mechanisms exist. Most of LAMMPS is written in
C++, some support tools are written in Fortran or Python or MATLAB.

1.5.1 Programming language standards

Most of the C++ code currently requires a compiler compatible with the C++11 standard, the KOKKOS package
currently requires C++17. Most of the Python code is written to be compatible with Python 3.5 or later or Python 2.7.
Some Python scripts require Python 3 and a few others still need to be ported from Python 2 to Python 3.

1.5.2 Build systems

LAMMPS can be compiled from source code using a (traditional) build system based on shell scripts, a few shell
utilities (grep, sed, cat, tr) and the GNU make program. This requires running within a Bourne shell (/bin/sh).
Alternatively, a build system with different back ends can be created using CMake. CMake must be at least version
3.16.

1.5.3 Operating systems

The primary development platform for LAMMPS is Linux. Thus, the chances for LAMMPS to compile without prob-
lems on Linux machines are the best. Also, compilation and correct execution on macOS and Windows (using Microsoft
Visual C++) is checked automatically for largest part of the source code. Some (optional) features are not compatible
with all operating systems, either through limitations of the corresponding LAMMPS source code or through source
code or build system incompatibilities of required libraries.

Executables for Windows may be created natively using either Cygwin or Visual Studio or with a Linux to Windows
MinGW cross-compiler.

Additionally, FreeBSD and Solaris have been tested successfully.

1.5.4 Compilers

The most commonly used compilers are the GNU compilers, but also Clang and the Intel compilers have been suc-
cessfully used on Linux, macOS, and Windows. Also, the Nvidia HPC SDK (formerly PGI compilers) will compile
LAMMPS (tested on Linux).
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1.5.5 CPU architectures

The primary CPU architecture for running LAMMPS is 64-bit x86, but also 32-bit x86, and 64-bit ARM and PowerPC
(64-bit, Little Endian) are regularly tested.

1.5.6 Portability compliance

Only a subset of the LAMMPS source code is fully compliant to all of the above mentioned standards. This is rather
typical for projects like LAMMPS that largely depend on contributions from the user community. Not all contributors
are trained as programmers and not all of them have access to multiple platforms for testing. As part of the continuous
integration process, however, all contributions are automatically tested to compile, link, and pass some runtime tests
on a selection of Linux flavors, macOS, and Windows, and on Linux with different compilers. Thus portability issues
are often found before a pull request is merged. Other platforms may be checked occasionally or when portability bugs
are reported.

1.6 LAMMPS open-source license

1.6.1 GPL version of LAMMPS

LAMMPS is an open-source code, available free-of-charge, and distributed under the terms of the GNU Public License
Version 2 (GPLv2), which means you can use or modify the code however you wish for your own purposes, but have
to adhere to certain rules when redistributing it - specifically in binary form - or are distributing software derived from
it or that includes parts of it.

LAMMPS comes with no warranty of any kind.

As each source file states in its header, it is a copyrighted code, and thus not in the public domain. For more information
about open-source software and open-source distribution, see www.gnu.org or www.opensource.org. The legal text of
the GPL as it applies to LAMMPS is in the LICENSE file included in the LAMMPS distribution.

Here is a more specific summary of what the GPL means for LAMMPS users:
(1) Anyone is free to use, copy, modify, or extend LAMMPS in any way they choose, including for commercial purposes.

(2) If you distribute a modified version of LAMMPS, it must remain open-source, meaning you are required to dis-
tribute all of it under the terms of the GPL. You should clearly annotate such a modified code as a derivative version
of LAMMPS.

(3) If you release any code that includes or uses LAMMPS source code, then it must also be open-sourced, meaning
you distribute it under the terms of the GPL. You may write code that interfaces LAMMPS to a differently licensed
library. In that case the code that provides the interface must be licensed GPL, but not necessarily that library unless
you are distributing binaries that require the library to run.

(4) If you give LAMMPS files to someone else, the GPL LICENSE file and source file headers (including the copyright
and GPL notices) should remain part of the code.

1.6. LAMMPS open-source license 15
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1.6.2 LGPL version of LAMMPS

We occasionally make stable LAMMPS releases available under the GNU Lesser Public License v2.1. This is on request
only and with non-LGPL compliant files removed. This allows uses linking non-GPL compatible software with the
(otherwise unmodified) LAMMPS library or loading it dynamically at runtime. Any modifications to the LAMMPS
code however, even with the LGPL licensed version, must still be made available under the same open source terms as
LAMMPS itself.

1.7 Authors of LAMMPS

The primary LAMMPS developers are at Sandia National Labs and Temple University:
* Steve Plimpton, sjplimp at gmail.com
* Aidan Thompson, athomps at sandia.gov
» Stan Moore, stamoor at sandia.gov
» Axel Kohlmeyer, akohlmey at gmail.com
 Richard Berger, richard.berger at outlook.com

Past developers include Paul Crozier and Mark Stevens, both at Sandia, and Ray Shan, now at Materials Design.

The Authors page of the LAMMPS website has a comprehensive list of all the individuals who have contributed code
for a new feature or command or tool to LAMMPS.

The following folks deserve special recognition. Many of the packages they have written are unique for an MD code
and LAMMPS would not be as general-purpose as it is without their expertise and efforts.

* Metin Aktulga (MSU), REAXFF package for C/C++ version of ReaxFF

* Mike Brown (Intel), GPU and INTEL packages

* Colin Denniston (U Western Ontario), LATBOLTZ package

* Georg Ganzenmuller (EMI), MACHDYN and SPH packages

¢ Andres Jaramillo-Botero (Caltech), EFF package for electron force field

* Reese Jones (Sandia) and colleagues, ATC package for atom/continuum coupling
¢ Christoph Kloss (DCS Computing), LIGGGHTS code for granular materials, built on top of LAMMPS
¢ Rudra Mukherjee (JPL), POEMS package for articulated rigid body motion

* Trung Ngyuen (U Chicago), GPU, RIGID, BODY, and DIELECTRIC packages

* Mike Parks (Sandia), PERI package for Peridynamics

* Roy Pollock (LLNL), Ewald and PPPM solvers

¢ Julien Tranchida (CEA Cadarache), SPIN package

e Christian Trott (Sandia), CUDA and KOKKOS packages

¢ Ilya Valuev (JIHT), AWPMD package for wave packet MD

* Greg Wagner (Northwestern U), MEAM package for MEAM potential
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As discussed on the History page of the website, LAMMPS originated as a cooperative project between DOE labs and
industrial partners. Folks involved in the design and testing of the original version of LAMMPS were the following:

¢ John Carpenter (Mayo Clinic, formerly at Cray Research)

¢ Terry Stouch (Lexicon Pharmaceuticals, formerly at Bristol Myers Squibb)
* Steve Lustig (Dupont)

* Jim Belak and Roy Pollock (LLNL)

1.8 Citing LAMMPS

1.8.1 Core Algorithms

The paper mentioned below is the best overview of LAMMPS, but there are also publications describing particular
models or algorithms implemented in LAMMPS or complementary software that is has interfaces to. Please see below
for how to cite contributions to LAMMPS.

The latest canonical publication that describes the basic features, the source code design, the program structure, the
spatial decomposition approach, the neighbor finding, basic communications algorithms, and how users and developers
have contributed to LAMMPS is:

LAMMPS - A flexible simulation tool for particle-based materials modeling at the atomic, meso, and
continuum scales, Comp. Phys. Comm. 271, 108171 (2022)

So a project using LAMMPS or a derivative application that uses LAMMPS as a simulation engine should cite this
paper. The paper is expected to be published in its final form under the same DOI in the first half of 2022. Please also
give the URL of the LAMMPS website in your paper, namely https://www.lammps.org.

The original publication describing the parallel algorithms used in the initial versions of LAMMPS is:

S. Plimpton, Fast Parallel Algorithms for Short-Range Molecular Dynamics, J Comp Phys, 117, 1-19
(1995).

1.8.2 DOI for the LAMMPS source code
The LAMMPS developers use the Zenodo service at CERN to create digital object identifiers (DOI) for stable releases
of the LAMMPS source code. There are two types of DOIs for the LAMMPS source code.
The canonical DOI for all versions of LAMMPS, which will always point to the latest stable release version, is:
e DOI: 10.5281/zenodo.3726416
In addition there are DOIs generated for individual stable releases:
* 3 March 2020 version: DOI:10.5281/zenodo.3726417
* 29 October 2020 version: DOI:10.5281/zenodo.4157471
e 29 September 2021 version: DOI:10.5281/zenodo.6386596
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1.8.3 Home page

The LAMMPS website at https://www.lammps.org/ is the canonical location for information about LAMMPS and its
features.

1.8.4 Citing contributions

LAMMPS has many features that use either previously published methods and algorithms or novel features. It also
includes potential parameter files for specific models. Where available, a reminder about references for optional features
used in a specific run is printed to the screen and log file. Style and output location can be selected with the -cite
command-line switch. Additional references are given in the documentation of the corresponding commands or in the
Howto tutorials. Please make certain, that you provide the proper acknowledgments and citations in any published
works using LAMMPS.

1.9 Additional website links

The LAMMPS website has a variety of additional info about LAMMPS, beyond what is in this manual. Some other
useful resources available online are listed below.

* LAMMPS source code repository on GitHub
* LAMMPS forum on matsci.org

* Recent bug fixes and new features

* Download info

* Glossary of terms relevant to LAMMPS

* LAMMPS highlights with images

* LAMMPS highlights with movies

* Workshops

* Tutorials

* Pre- and post-processing tools for LAMMPS
* Other software usable with LAMMPS

* Viz tools usable with LAMMPS

* Benchmark performance

* Publications that have cited LAMMPS

* Authors of LAMMPS

* History of LAMMPS development

* Funding for LAMMPS
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CHAPTER
TWO

INSTALL LAMMPS

You can download LAMMPS as an executable or as source code.

When downloading the LAMMPS source code, you also have to build LAMMPS. But you have more flexibility as to
what features to include or exclude in the build. When you download and install pre-compiled LAMMPS executables,
you are limited to install which version of LAMMPS is available and which features are included of these builds. If
you plan to modify or extend LAMMPS, then you must build LAMMPS from the source code.

Note: If you have questions about the pre-compiled LAMMPS executables, you need to contact the people preparing
those executables. The LAMMPS developers have no control over their choices of how they configure and build their
packages and when they update them.

2.1 Download an executable for Linux

Binaries are available for different versions of Linux:
 Pre-built static Linux x86_64 executables
e Pre-built Ubuntu and Debian Linux executables
* Pre-built Fedora Linux executables
e Pre-built EPEL Linux executables (RHEL, CentOS)
* Pre-built OpenSuse Linux executables
e Gentoo Linux executable

* Arch Linux build-script

Note: If you have questions about these pre-compiled LAMMPS executables, you need to contact the people preparing
those packages. The LAMMPS developers have no control over how they configure and build their packages and when
they update them. They may only provide packages for stable release versions and not always update the packages in a
timely fashion after a new LAMMPS release is made.
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2.1.1 Pre-built static Linux x86_64 executables

Pre-built LAMMPS executables for Linux, that are statically linked and compiled for 64-bit x86 CPUs (x86_64 or
AMDG64) are available for download at https://download.lammps.org/static/. Because of that static linkage (and unlike
the Linux distribution specific packages listed below), they do not depend on any installed software and thus should
run on any 64-bit x86 machine with any Linux version.

These executable include most of the available packages and multi-thread parallelization (via INTEL, KOKKOS, or
OPENMP package). They are not compatible with MPI. Several of the LAMMPS tools executables (e.g. msi2lmp)
and the lammps-shell program are included as well. Because of the static linkage, there is no 1iblammps. so library
file and thus also the LAMMPS python module, which depends on it, is not included.

The compressed tar archives available for download have names following the pattern
lammps-1linux-x86_64-<version>.tar.gz and will all unpack into a lammps-static folder. The executa-
bles are then in the lammps-static/bin/ folder. Since they do not depend on any other software, they may be freely
moved or copied around.

2.1.2 Pre-built Ubuntu and Debian Linux executables

A pre-built LAMMPS executable, suitable for running on the latest Ubuntu and Debian Linux versions, can be down-
loaded as a Debian package. This allows you to install LAMMPS with a single command, and stay (mostly) up-to-date
with the current stable version of LAMMPS by simply updating your operating system.

To install LAMMPS do the following once:

sudo apt-get install lammps

This downloads an executable named lmp to your box and multiple packages with supporting data, examples and
libraries as well as any missing dependencies. For example, the LAMMPS binary in this package is built with the
KIM package enabled, which results in the above command also installing the kim-api binaries when LAMMPS is
installed, unless they were installed already. In order to use potentials from openkim.org, you can also install the
openkim-models package:

sudo apt-get install openkim-models

Or use the KIM-API commands to download and install individual models.

This LAMMPS executable can then be used in the usual way to run input scripts:

Imp -in in.1j

To update LAMMPS to the latest packaged version, do the following:

sudo apt-get update

This will also update other packages on your system.

To uninstall LAMMPS, do the following:

sudo apt-get remove lammps

Please use 1lmp -help to see which compilation options, packages, and styles are included in the binary.

Thanks to Anton Gladky (gladky.anton at gmail.com) for setting up this Ubuntu package capability.
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2.1.3 Pre-built Fedora Linux executables

Pre-built LAMMPS packages for stable releases are available in the Fedora Linux distribution since Fedora version 28.
The packages can be installed via the dnf package manager. There are 3 basic varieties (lammps = no MPI, lammps-
mpich = MPICH MPI library, lammps-openmpi = OpenMPI MPI library) and for each support for linking to the C
library interface (lammps-devel, lammps-mpich-devel, lammps-openmpi-devel), the header for compiling programs
using the C library interface (lammps-headers), and the LAMMPS python module for Python 3. All packages can be
installed at the same time and the name of the LAMMPS executable is 1mp and 1mp_openmpi or 1mp_mpich respec-
tively. By default, 1mp will refer to the serial executable, unless one of the MPI environment modules is loaded (module
load mpi/mpich-x86_64 or module load mpi/openmpi-x86_64). Then the corresponding parallel LAMMPS
executable can be used. The same mechanism applies when loading the LAMMPS python module.

To install LAMMPS with OpenMPI and run an input in.1j with 2 CPUs do:

dnf install lammps-openmpi
module load mpi/openmpi-x86_64
mpirun -np 2 lmp -in in.1j

The dnf install command is needed only once. In case of a new LAMMPS stable release, dnf update will auto-
matically update to the newer version as soon as the RPM files are built and uploaded to the download mirrors. The
module load command is needed once per (shell) session or shell terminal instance, unless it is automatically loaded
from the shell profile.

The LAMMPS binary is built with the KIM package which results in the above command also installing the kim-api
binaries when LAMMPS is installed. In order to use potentials from openkim.org, you can install the openkim-models
package

dnf install openkim-models

Please use Imp -help to see which compilation options, packages, and styles are included in the binary.

Thanks to Christoph Junghans (LANL) for making LAMMPS available in Fedora.

2.1.4 Pre-built EPEL Linux executable

Pre-built LAMMPS (and KIM) packages for stable releases are available in the Extra Packages for Enterprise Linux
(EPEL) repository for use with Red Hat Enterprise Linux (RHEL) or CentOS version 7.x and compatible Linux
distributions. Names of packages, executable, and content are the same as described above for Fedora Linux. But
RHEL/CentOS 7.x uses the yum package manager instead of dnf in Fedora 28.

Please use Imp -help to see which compilation options, packages, and styles are included in the binary.

Thanks to Christoph Junghans (LANL) for making LAMMPS available in EPEL.
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2.1.5 Pre-built OpenSuse Linux executable

A pre-built LAMMPS package for stable releases is available in OpenSuse as of Leap 15.0. You can install the package
with:

zypper install lammps

This includes support for OpenMPI. The name of the LAMMPS executable is Imp. To run an input in parallel on 2
CPUs you would do:

mpirun -np 2 lmp -in in.1j

Please use Imp -help to see which compilation options, packages, and styles are included in the binary.

The LAMMPS binary is built with the KIM package which results in the above command also installing the kim-api
binaries when LAMMPS is installed. In order to use potentials from openkim.org, you can install the openkim-models
package

zypper install openkim-models

Thanks to Christoph Junghans (LANL) for making LAMMPS available in OpenSuse.

2.1.6 Gentoo Linux executable

LAMMPS is part of Gentoo’s main package tree and can be installed by typing:

emerge --ask lammps

Note that in Gentoo the LAMMPS source code is downloaded and the package is then compiled and installed on your
machine.

Certain LAMMPS packages can be enabled via USE flags, type

equery uses lammps

for details.

Thanks to Nicolas Bock and Christoph Junghans (LANL) for setting up this Gentoo capability.

2.1.7 Archlinux build-script

LAMMPS is available via Arch’s unofficial Arch User repository (AUR). There are three scripts available, named
lammps, lammps-beta and lammps-git. They respectively package the stable, feature, and git releases.

To install, you will need to have the git package installed. You may use any of the above names in-place of lammps.

git clone https://aur.archlinux.org/lammps.git

cd lammps
makepkg -s
makepkg -i
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To update LAMMPS, you may repeat the above, or change into the cloned directory, and execute the following, after
which, if there are any changes, you may use makepkg as above.

git pull

Alternatively, you may use an AUR helper to install these packages.

Note that the AUR provides build-scripts that download the source code and then build and install the package on your
machine.

2.2 Download an executable for macOS

LAMMPS can be downloaded, built, and configured for macOS with Homebrew. (Alternatively, see the installation
instructions for downloading an executable via Conda.) The following LAMMPS packages are unavailable at this time
because of additional requirements not yet met: GPU, KOKKOS, MSCG, POEMS, VORONOI.

After installing Homebrew, you can install LAMMPS on your system with the following commands:

brew install lammps

This will install the executables “lammps_serial” and “lammps_mpi”, as well as the LAMMPS “doc”, “potentials”,
“tools”, “bench”, and “examples” directories.

Once LAMMPS is installed, you can test the installation with the Lennard-Jones benchmark file:

brew test lammps -v

The LAMMPS binary is built with the KIM package, which results in Homebrew also installing the kim-api binaries
when LAMMPS is installed. In order to use potentials from openkim.org, you can install the openkim-models package

brew install openkim-models

If you have problems with the installation, you can post issues to this link.

Thanks to Derek Thomas (derekt at cello.t.u-tokyo.ac.jp) for setting up the Homebrew capability.

2.3 Download an executable for Windows

Pre-compiled Windows installers which install LAMMPS executables on a Windows system can be downloaded from
this site:

https://packages.lammps.org/windows.html

Note that each installer package has a date in its name, which corresponds to the LAMMPS version of the same date.
Installers for current and older versions of LAMMPS are available. 32-bit and 64-bit installers are available, and each
installer contains both a serial and parallel executable. The installer website also explains how to install the Windows
MPI package (MPICH2 from Argonne National Labs), needed to run in parallel with MPL.

The LAMMPS binaries contain all optional packages included in the source distribution except: ADIOS, HSMD, KIM,
ML-PACE, ML-QUIP, MSCG, NETCDF, QMMM, SCAFACOS, and VTK. The serial version also does not include the
LATBOLTZ package. The PYTHON package is only available in the Python installers that bundle a Python runtime.
The GPU package is compiled for OpenCL with mixed precision kernels.

The LAMMPS library is compiled as a shared library and the LAMMPS Python module is installed, so that it is possible
to load LAMMPS into a Python interpreter.
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The installer site also has instructions on how to run LAMMPS under Windows, once it is installed, in both serial and
parallel.

When you download the installer package, you run it on your Windows machine. It will then prompt you with a dialog,
where you can choose the installation directory, unpack and copy several executables, potential files, documentation
PDFs, selected example files, etc. It will then update a few system settings (e.g. PATH, LAMMPS_POTENTIALS)
and add an entry into the Start Menu (with references to the documentation, LAMMPS homepage and more). From
that menu, there is also a link to an uninstaller that removes the files and undoes the environment manipulations.

Note that to update to a newer version of LAMMPS, you should typically uninstall the version you currently have,
download a new installer, and go through the installation procedure described above. I.e. the same procedure for
installing/updating most Windows programs. You can install multiple versions of LAMMPS (in different directories),
but only the executable for the last-installed package will be found automatically, so this should only be done for
debugging purposes.

2.4 Download an executable for Linux or macOS via Conda

Pre-compiled LAMMPS binaries are available for macOS and Linux via the Conda package management system.

First, one must set up the Conda package manager on your system. Follow the instructions to install Miniconda, then
create a conda environment (named my-lammps-env or whatever you prefer) for your LAMMPS install:

conda config --add channels conda-forge
conda create -n my-lammps-env

Then, you can install LAMMPS on your system with the following command:

conda activate my-lammps-env
conda install lammps

The LAMMPS binary is built with the KIM package, which results in Conda also installing the kim-api binaries when
LAMMPS is installed. In order to use potentials from openkim.org, you can install the openkim-models package

conda install openkim-models

If you have problems with the installation, you can post issues to this link. Thanks to Jan Janssen (Max-Planck-Institut
fuer Eisenforschung) for setting up the Conda capability.

Note: If you have questions about these pre-compiled LAMMPS executables, you need to contact the people preparing
those packages. The LAMMPS developers have no control over their choices of how they configure and build their
packages and when they update them.

2.5 Download source and documentation as a tarball

You can download a current LAMMPS tarball from the download page of the LAMMPS website or from GitHub (see
below).

You have two choices of tarballs, either the most recent stable release or the most recent feature release. Stable releases
occur a few times per year, and undergo more testing before release. Also, between stable releases bug fixes from the
feature releases are back-ported and the tarball occasionally updated. Feature releases occur every 4 to 8 weeks. The
new contents in all feature releases are listed on the bug and feature page of the LAMMPS homepage.
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Tarballs of older LAMMPS versions can also be downloaded from this page.

Tarballs downloaded from the LAMMPS homepage include the pre-translated LAMMPS documentation (HTML and
PDF files) corresponding to that version.

Once you have a tarball, uncompress and untar it with the following command:

tar -xzvf lammps*.tar.gz

This will create a LAMMPS directory with the version date in its name, e.g. lammps-28Mar23.

You can also download a compressed tar or zip archives from the “Assets” sections of the LAMMPS GitHub releases
site. The file name will be lammps-<version>.zip which can be unzipped with the following command, to create a
lammps-<version> directory:

unzip lammps*.zip

This version corresponds to the selected LAMMPS feature or stable release (as indicated by the matching git tag) and
will only contain the source code and no pre-built documentation.

2.6 Download the LAMMPS source with git

LAMMPS development is coordinated through the “LAMMPS GitHub site”. If you clone the LAMMPS repository
onto your local machine, it has several advantages:

* You can stay current with changes to LAMMPS with a single git command.
* You can create your own development branches to add code to LAMMPS.

* You can submit your new features back to GitHub for inclusion in LAMMPS. For that, you should first create
your own fork on GitHub, though.

You must have git installed on your system to use the commands explained below to communicate with the git servers
on GitHub. For people still using subversion (svn), GitHub also provides limited support for subversion clients.

Note: As of October 2016, the official home of public LAMMPS development is on GitHub. The previously advertised
LAMMPS git repositories on git.lammps.org and bitbucket.org are now offline or deprecated.

You can follow the LAMMPS development on 4 different git branches:
* develop : this branch follows the ongoing development and is updated with every merge commit of a pull request

* release
[this branch is updated with every “feature release”;] updates are always “fast-forward” merges from develop

* maintenance : this branch collects back-ported bug fixes from the develop branch to the stable branch. It is used
to update the stable branch for “stable update releases”.

* stable : this branch is updated from the release branch with every “stable release” version and also has selected
bug fixes with every “update release” when the maintenance branch is merged into it

To access the git repositories on your box, use the clone command to create a local copy of the LAMMPS repository
with a command like:

git clone -b release https://github.com/lammps/lammps.git mylammps
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where “mylammps” is the name of the directory you wish to create on your machine and “release” is one of the 3
branches listed above. (Note that you actually download all 3 branches; you can switch between them at any time using
“git checkout <branch name>".)

Saving time and disk space when using git clone

The complete git history of the LAMMPS project is quite large because it contains the entire commit history of the
project since fall 2006, which includes the time when LAMMPS was managed with subversion. This includes a few
commits that have added and removed some large files (mostly by accident). If you do not need access to the entire
commit history (most people don’t), you can speed up the “cloning” process and reduce local disk space requirements
by using the —depth git command line flag. That will create a “‘shallow clone” of the repository, which contains only
a subset of the git history. Using a depth of 1000 is usually sufficient to include the head commits of the develop, the
release, and the maintenance branches. To include the head commit of the stable branch you may need a depth of up
to 10000. If you later need more of the git history, you can always convert the shallow clone into a “full clone”.

Once the command completes, your directory will contain the same files as if you unpacked a current LAMMPS
tarball, with the exception, that the HTML documentation files are not included. They can be generated from the
content provided in doc/src by typing make html from the doc directory.

After initial cloning, as bug fixes and new features are added to LAMMPS you can stay up-to-date by typing the
following git commands from within the “mylammps” directory:

git checkout release # not needed if you always stay in this branch
git checkout stable # use one of these 4 checkout commands

git checkout develop # to choose the branch to follow

git checkout maintenance

git pull

Doing a “pull” will not change any files you have added to the LAMMPS directory structure. It will also not change
any existing LAMMPS files you have edited, unless those files have changed in the repository. In that case, git will
attempt to merge the changes from the repository file with your version of the file and tell you if there are any conflicts.
See the git documentation for details.

If you want to access a particular previous release version of LAMMPS, you can instead “check out” any version with
a published tag. See the output of git tag -1 for the list of tags. The git command to do this is as follows.

git checkout tagID

Stable versions and what tagID to use for a particular stable version are discussed on this page. Note that this command
will print some warnings, because in order to get back to the latest revision and to be able to update with git pull
again, you will need to do git checkout release (or check out any other desired branch) first.

Once you have updated your local files with a git pull (or git checkout), you still need to re-build LAMMPS if
any source files have changed. How to do this depends on the build system you are using.

CMake build
Change to your build folder and type:

cmake . --build

CMake should auto-detect whether it needs to re-run the CMake configuration step and otherwise redo the
build for all files that have been changed or files that depend on changed files. In case some build options
have been changed or renamed, you may have to update those by running:
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cmake .

and then rebuild.

Traditional make

Switch to the src directory and type:

make purge # remove any deprecated src files
make package-update # sync package files with src files
make foo # re-build for your machine (mpi, serial, etc)

to enforce consistency of the source between the src folder and package directories. This is OK to do even
if you don’t use any packages. The make purge command removes any deprecated src files if they were
removed by the update from a package subdirectory.

Warning: If you wish to edit/change a src file that is from a package, you should edit the version of
the file inside the package subdirectory with src, then re-install the package. The version in the source
directory is merely a copy and will be wiped out if you type “make package-update”.

Git protocols

The servers at github.com support the “https” access protocol for anonymous, read-only access. If you have a suitably
configured GitHub account, you may also use SSH protocol with the URL git@github.com:lammps/lammps.git.

The LAMMPS GitHub project is currently overseen by Axel Kohlmeyer (Temple U, akohlmey at gmail.com).

These are the files and subdirectories in the LAMMPS distribution:

README Short description of the LAMMPS package
LICENSE GNU General Public License (GPL)
SECURITY.md Security policy for the LAMMPS package
bench benchmark inputs

cmake CMake build files

doc documentation and tools to build the manual
examples example input files

fortran Fortran module for LAMMPS library interface
lib additional provided or external libraries
potentials selected interatomic potential files

python Python module for LAMMPS library interface
src LAMMPS source files

tools pre- and post-processing tools

unittest source code and inputs for testing LAMMPS

You will have all of these if you downloaded the LAMMPS source code. You will have only some of them if you
downloaded executables, as explained on the pages listed above.
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CHAPTER
THREE

BUILD LAMMPS

LAMMPS is built as a library and an executable from source code using either traditional makefiles for use with GNU
make (which may require manual editing), or using a build environment generated by CMake (Unix Makefiles, Ninja,
Xcode, Visual Studio, KDevelop, CodeBlocks and more).

As an alternative, you can download a package with pre-built executables or automated build trees, as described in the
Install section of the manual.

3.1 Build LAMMPS with CMake

This page describes how to use CMake in general to build LAMMPS. Details for specific compile time settings and
options to enable and configure add-on packages are discussed with those packages. Links to those pages on the Build
overview page.

The following text assumes some familiarity with CMake and focuses on using the command line tool cmake and what
settings are supported for building LAMMPS. A more detailed tutorial on how to use CMake itself, the text mode or
graphical user interface, to change the generated output files for different build tools and development environments is
on a separate page.

Note: LAMMPS currently requires that CMake version 3.16 or later is available.

Warning: You must not mix the traditional make based LAMMPS build procedure with using CMake. No
packages may be installed or a build been previously attempted in the LAMMPS source directory by using make
<machine>. CMake will detect if this is the case and generate an error. To remove conflicting files from the src
you can use the command make no-all purge which will uninstall all packages and delete all auto-generated
files.

3.1.1 Advantages of using CMake

CMake is an alternative to compiling LAMMPS in the traditional way through (manually customized) makefiles. Using
CMake has multiple advantages that are specifically helpful for people with limited experience in compiling software
or for people that want to modify or extend LAMMPS.

* CMake can detect available hardware, tools, features, and libraries and adapt the LAMMPS default build con-
figuration accordingly.

* CMake can generate files for different build tools and integrated development environments (IDE).
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* CMake supports customization of settings with a command line, text mode, or graphical user interface. No
manual editing of files, knowledge of file formats or complex command line syntax is required.

* All enabled components are compiled in a single build operation.
* Automated dependency tracking for all files and configuration options.

* Support for true out-of-source compilation. Multiple configurations and settings with different choices of
LAMMPS packages, settings, or compilers can be configured and built concurrently from the same source tree.

» Simplified packaging of LAMMPS for Linux distributions, environment modules, or automated build tools like
Homebrew.

* Integration of automated unit and regression testing (the LAMMPS side of this is still under active development).

3.1.2 Getting started

Building LAMMPS with CMake is a two-step process. In the first step, you use CMake to generate a build environment
in a new directory. For that purpose you can use either the command-line utility cmake (or cmake3), the text-mode
UI utility ccmake (or ccmake3) or the graphical utility cmake-gui, or use them interchangeably. The second step
is then the compilation and linking of all objects, libraries, and executables using the selected build tool. Here is a
minimal example using the command line version of CMake to build LAMMPS with no add-on packages enabled and
no customization:

cd lammps # change to the LAMMPS distribution directory
mkdir build; cd build # create and use a build directory

cmake ../cmake # configuration reading CMake scripts from ../cmake
cmake --build . # compilation (or type "make")

This will create and change into a folder called build, then run the configuration step to generate build files for the
default build command and then launch that build command to compile LAMMPS. During the configuration step
CMake will try to detect whether support for MPI, OpenMP, FFTW, gzip, JPEG, PNG, and ffmpeg are available and
enable the corresponding configuration settings. The progress of this configuration can be followed on the screen and
a summary of selected options and settings will be printed at the end. The cmake --build . command will launch
the compilation, which, if successful, will ultimately produce a library liblammps.a and the LAMMPS executable
1mp inside the build folder.

Compilation can take a long time, since LAMMPS is a large project with many features. If your machine has multiple
CPU cores (most do these days), you can speed this up by compiling sources in parallel with make -j N (with N
being the maximum number of concurrently executed tasks). Installation of the ccache (= Compiler Cache) software
may speed up repeated compilation even more, e.g. during code development, especially when repeatedly switching
between branches.

After the initial build, whenever you edit LAMMPS source files, enable or disable packages, change compiler flags
or build options, you must re-compile and relink the LAMMPS executable with cmake --build . (or make). If the
compilation fails for some reason, try running cmake . and then compile again. The included dependency tracking
should make certain that only the necessary subset of files is re-compiled. You can also delete compiled objects,
libraries, and executables with cmake --build . --target clean (or make clean).

After compilation, you may optionally install the LAMMPS executable into your system with:

make install # optional, copy compiled files into installation location

This will install the LAMMPS executable and library, some tools (if configured) and additional files like LAMMPS API
headers, manpages, potential and force field files. The location of the installation tree defaults to ${HOME}/.local.
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3.1.3 Configuration and build options

The CMake commands have one mandatory argument: a folder containing a file called CMakeLists.txt (for
LAMMPS it is located in the cmake folder) or a build folder containing a file called CMakeCache. txt, which is
generated at the end of the CMake configuration step. The cache file contains all current CMake settings.

To modify settings, enable or disable features, you need to set variables with either the -D command line flag (-D
VARIABLE1_NAME=value) or change them in the text mode of the graphical user interface. The -D flag can be used
several times in one command.

For your convenience, we provide CMake presets that combine multiple settings to enable optional LAMMPS packages
or use a different compiler tool chain. Those are loaded with the -C flag (-C ../cmake/presets/basic.cmake).
This step would only be needed once, as the settings from the preset files are stored in the CMakeCache. txt file. It is
also possible to customize the build by adding one or more -D flags to the CMake command line.

Generating files for alternate build tools (e.g. Ninja) and project files for IDEs like Eclipse, CodeBlocks, or Kate can
be selected using the -G command line flag. A list of available generator settings for your specific CMake version is
given when running cmake --help.

3.1.4 Multi-configuration build systems

Throughout this manual, it is mostly assumed that LAMMPS is being built on a Unix-like operating system with
“make” as the underlying “builder”, since this is the most common case. In this case the build “configuration” is
chose using -D CMAKE_BUILD_TYPE=<configuration> with <configuration> being one of “Release”, “Debug”,
“RelWithDeblnfo”, or “MinSizeRel”. Some build tools, however, can also use or even require having a so-called multi-
configuration build system setup. For a multi-configuration build, the built type (or configuration) is selected at compile
time using the same build files. E.g. with:

cmake --build build-multi --config Release

In that case the resulting binaries are not in the build folder directly but in subdirectories corresponding to the build
type (i.e. Release in the example from above). Similarly, for running unit tests the configuration is selected with the -C
flag:

ctest -C Debug

The CMake scripts in LAMMPS have basic support for being compiled using a multi-config build system, but not all
of it has been ported. This is in particular applicable to compiling packages that require additional libraries that would
be downloaded and compiled by CMake. The windows . cmake preset file tries to keep track of which packages can be
compiled natively with the MSVC compilers out-of-the box. Not all of the external libraries are portable to Windows,
either.

3.1.5 Installing CMake

Check if your machine already has CMake installed:

which cmake # do you have it?
which cmake3 # version 3 may have this name
cmake --version # what specific version you have

On clusters or supercomputers which use environment modules to manage software packages, do this:
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module list # is a module for cmake already loaded?
module avail # is a module for cmake available?
module load cmake # load cmake module with appropriate name

Most Linux distributions offer pre-compiled cmake packages through their package management system. If you do
not have CMake or a recent enough version (Note: for CentOS 7.x you need to enable the EPEL repository), you can
download the latest version from https://cmake.org/download/. Instructions on how to install it on various platforms
can be found on this page.

3.2 Build LAMMPS with make

Building LAMMPS with traditional makefiles requires that you have a Makefile.<machine> file appropriate for
your system in either the src/MAKE, src/MAKE/MACHINES, src/MAKE/OPTIONS, or src/MAKE/MINE directory (see
below). It can include various options for customizing your LAMMPS build with a number of global compilation
options and features.

3.2.1 Requirements

Those makefiles are written for and tested with GNU make and may not be compatible with other make programs. In
most cases, if the “make” program is not GNU make, then there will be a GNU make program available under the name
“gmake”. If GNU make or a compatible make is not available, you may have to first install it or switch to building
with CMake. The makefiles of the traditional make based build process and the scripts they are calling expect a few
additional tools to be available and functioning.

* A working C/C++ compiler toolchain supporting the C++11 standard; on Linux, these are often the GNU com-
pilers. Some older compiler versions require adding flags like -std=c++11 to enable the C++11 mode.

* A Bourne shell compatible “Unix” shell program (frequently this is bash)
¢ A few shell utilities: 1s, mv, 1n, rm, grep, sed, tr, cat, touch, diff, dirname

* Python (optional, required for make lib-<pkg> in the src folder). Python scripts are currently tested with
python 2.7 and 3.6 to 3.11. The procedure for building the documentation requires Python 3.5 or later.

3.2.2 Getting started

To include LAMMPS packages (i.e. optional commands and styles) you must enable (or “install”) them first, as
discussed on the Build package page. If a package requires (provided or external) libraries, you must configure
and build those libraries before building LAMMPS itself and especially before enabling such a package with make
yes-<package>. Building LAMMPS with CMake can automate much of this for many types of machines, especially
workstations, desktops, and laptops, so we suggest you try it first when building LAMMPS in those cases.

The commands below perform a default LAMMPS build, producing the LAMMPS executable 1mp_serial and
Imp_mpi in lammps/src:

cd lammps/src  # change to main LAMMPS source folder

make serial # build a serial LAMMPS executable using GNU g++
make mpi # build a parallel LAMMPS executable with MPI
make # see a variety of make options

Compilation can take a long time, since LAMMPS is a large project with many features. If your machine has multiple
CPU cores (most do these days), you can speed this up by compiling sources in parallel with make -j N (with N
being the maximum number of concurrently executed tasks). Installation of the ccache (= Compiler Cache) software
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may speed up repeated compilation even more, e.g. during code development, especially when repeatedly switching
between branches.

After the initial build, whenever you edit LAMMPS source files, or add or remove new files to the source directory
(e.g. by installing or uninstalling packages), you must re-compile and relink the LAMMPS executable with the same
make <machine>command. The makefile’s dependency tracking should ensure that only the necessary subset of files
is re-compiled. If you change settings in the makefile, you have to recompile everything. To delete all objects, you can
use make clean-<machine>.

Note: Before the actual compilation starts, LAMMPS will perform several steps to collect information from the
configuration and setup that is then embedded into the executable. When you build LAMMPS for the first time, it will
also compile a tool to quickly determine a list of dependencies. Those are required for the make program to correctly
detect, which files need to be recompiled or relinked after changes were made to the sources.

3.2.3 Customized builds and alternate makefiles

The src/MAKE directory tree contains the Makefile.<machine> files included in the LAMMPS distribution. Typ-
ing make example uses Makefile.example from one of those folders, if available. The make serial and make
mpi lines above, for example, use src/MAKE/Makefile.serial and src/MAKE/Makefile.mpi, respectively. Other
makefiles are in these directories:

OPTIONS # Makefiles which enable specific options
MACHINES # Makefiles for specific machines
MINE # customized Makefiles you create (you may need to create this folder)

Simply typing make lists all the available Makefile.<machine> files with a single line description toward the end
of the output. A file with the same name can appear in multiple folders (not a good idea). The order the directories
are searched is as follows: src/MAKE/MINE, src/MAKE, src/MAKE/OPTIONS, src/MAKE/MACHINES. This gives pref-
erence to a customized file you put in src/MAKE/MINE. If you create your own custom makefile under a new name,
please edit the first line with the description and machine name, so you will not confuse yourself, when looking at the
machine summary.

Makefiles you may wish to try out, include those listed below (some require a package first be installed). Many of
these include specific compiler flags for optimized performance. Please note, however, that some of these customized
machine Makefile are contributed by users, and thus may have modifications specific to the systems of those users.
Since compilers, OS configurations, and LAMMPS itself keep changing, their settings may become outdated, too:

make kokkos_omp
make kokkos_cuda_mpi
make kokkos_phi

build with the KOKKOS package for OpenMP
build with the KOKKOS package for GPUs
build with the KOKKOS package for KNLs

make mac # build serial LAMMPS on macOS
make mac_mpi # build parallel LAMMPS on macOS
make intel_cpu # build with the INTEL package optimized for CPUs
make knl # build with the INTEL package optimized for KNLs
make opt # build with the OPT package optimized for CPUs
make omp # build with the OPENMP package optimized for OpenMP
#
#
#
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3.3 Link LAMMPS as a library to another code

LAMMPS is designed as a library of C++ objects that can be integrated into other applications, including Python
scripts. The files src/library.cpp and src/library.h define a C-style API for using LAMMPS as a library. See
the Library interface to LAMMPS page for a description of the interface and how to use it for your needs.

The Basic build options page explains how to build LAMMPS as either a shared or static library. This results in a file
in the compilation folder called 1iblammps.a or liblammps_<name>.a in case of building a static library. In case
of a shared library, the name is the same only that the suffix is going to be either .so or .dylib or .d1l1 instead of .a
depending on the OS. In some cases, the . so file may be a symbolic link to a file with the suffix . so.® (or some other
number).

Note: Care should be taken to use the same MPI library for the calling code and the LAMMPS library, unless
LAMMPS is to be compiled without (real) MPI support using the included STUBS MPI library.

3.3.1 Link with LAMMPS as a static library

The calling application can link to LAMMPS as a static library with compilation and link commands, as in the examples
shown below. These are examples for a code written in C in the file caller. c. The benefit of linking to a static library
is, that the resulting executable is independent of that library since all required executable code from the library is
copied into the calling executable.

CMake build

This assumes that LAMMPS has been configured without setting a LAMMPS_MACHINE name, installed
with “make install”, and the PKG_CONFIG_PATH environment variable has been updated to include the
liblammps. pc file installed into the configured destination folder. The commands to compile and link a
coupled executable are then:

mpicc -c¢ -0 $(pkgconf liblammps --cflags) caller.c
mpicxx -o caller caller.o -$(pkgconf liblammps --1libs)

Traditional make

This assumes that LAMMPS has been compiled in the folder ${HOME} /lammps/src with “make mpi”.
The commands to compile and link a coupled executable are then:

mpicc -c -0 -I${HOME}/lammps/src caller.c
mpicxx -o caller caller.o -L${HOME}/lammps/src -1llammps_mpi

The -1 argument is the path to the location of the library.h header file containing the interface to the
LAMMPS C-style library interface. The -L argument is the path to where the 1iblammps_mpi.a file is
located. The -llammps_mpi argument is shorthand for telling the compiler to link the file 1iblammps_mpi .
a. If LAMMPS has been built as a shared library, then the linker will use 1iblammps_mpi. so instead.
If both files are available, the linker will usually prefer the shared library. In case of a shared library, you
may need to update the LD_LIBRARY_PATH environment variable or running the caller executable will
fail since it cannot find the shared library at runtime.
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However, it is only as simple as shown above for the case of a plain LAMMPS library without any optional packages
that depend on libraries (bundled or external) or when using a shared library. Otherwise, you need to include all flags,
libraries, and paths for the coupled executable, that are also required to link the LAMMPS executable.

CMake build

When using CMake, additional libraries with sources in the lib folder are built, but not included in
liblammps.a and (currently) not installed with make install and not included in the pkgconfig con-
figuration file. They can be found in the top level build folder, but you have to determine the necessary
link flags manually. It is therefore recommended to either use the traditional make procedure to build and
link with a static library or build and link with a shared library instead.

Traditional make

After you have compiled a static LAMMPS library using the conventional build system for example with
“make mode=static serial”. And you also have installed the POEMS package after building its bundled
library in 1ib/poems. Then the commands to build and link the coupled executable change to:

gcc -¢ -0 -I${HOME}/lammps/src -caller.c

g++ -0 caller caller.o -L${HOME}/lammps/lib/poems \
-L${HOME}/lammps/src/STUBS -L${HOME}/lammps/src \
-1lammps_serial -lpoems -lmpi_stubs

Note, that you need to link with g++ instead of gcc even if you have written your code in C, since LAMMPS
itself is C++ code. You can display the currently applied settings for building LAMMPS for the “serial”
machine target by using the command:

make mode=print serial

Which should output something like:

# Compiler:

CXX=g++

# Linker:

LD=g++

# Compilation:

CXXFLAGS=-g -03 -DLAMMPS_GZIP -DLAMMPS_MEMALIGN=64 -I${HOME}/compile/lammps/
~1lib/poems -I${HOME}/compile/lammps/src/STUBS

# Linking:

LDFLAGS=-g -0

# Libraries:

LDLIBS=-L${HOME}/compile/lammps/src -1llammps_serial -L${HOME}/compile/lammps/
~1lib/poems -L${HOME}/compile/lammps/src/STUBS -lpoems -lmpi_stubs

From this you can gather the necessary paths and flags. With makefiles for other machine configurations
you need to do the equivalent and replace “serial” with the corresponding “machine” name of the makefile.
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3.3.2 Link with LAMMPS as a shared library

When linking to LAMMPS built as a shared library, the situation becomes much simpler, as all dependent libraries and
objects are either included in the shared library or registered as a dependent library in the shared library file. Thus,
those libraries need not be specified when linking the calling executable. Only the -/ flags are needed. So the example
case from above of the serial version static LAMMPS library with the POEMS package installed becomes:

CMake build

The commands with a shared LAMMPS library compiled with the CMake build process are the same as
for the static library.

mpicc -c -0 $(pkgconf liblammps --cflags) caller.c
mpicxx -o caller caller.o -$(pkgconf --1ibs)

Traditional make

The commands with a shared LAMMPS library compiled with the traditional make build using make
mode=shared serial becomes:

gcc -c -0 -I${HOME}/lammps/src -caller.c
g++ -o caller caller.o -L${HOME}/lammps/src -llammps_serial

Locating liblammps.so at runtime

Unlike with a static link, now the 1iblammps. so file is required at runtime and needs to be in a folder, where the
shared linker program of the operating system can find it. This would be either a folder like /usr/local/1ib64 or
${HOME}/.local/1ib64 or a folder pointed to by the LD_LIBRARY_PATH environment variable. You can type

printenv LD_LIBRARY_PATH

to see what directories are in that list.

Or you can add the LAMMPS src directory or the directory you performed a CMake style build in to your
LD_LIBRARY_PATH environment variable, so that the current version of the shared library is always available to pro-
grams that use it.

For the Bourne or Korn shells (/bin/sh, /bin/ksh, /bin/bash etc.), you would add something like this to your ${HOME}/
.profile file:

LD_LIBRARY_PATH ${LD_LIBRARY_PATH-/usr/1ib64}:${HOME}/lammps/src
export LD_LIBRARY_PATH

For the csh or tcsh shells, you would equivalently add something like this to your ${HOME}/. cshrc file:

setenv LD_LIBRARY_PATH ${LD_LIBRARY_PATH}:${HOME}/lammps/src

You can verify whether all required shared libraries are found with the 1dd tool. Example:

LD_LIBRARY_PATH=/home/user/lammps/src 1ldd caller
linux-vdso.so.1 (0x00007ffe729e0000)
liblammps.so => /home/user/lammps/src/liblammps.so (0x00007fc91bb9e000)

(continues on next page)
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libstdc++.s0.6 => /1ib64/libstdc++.s0.6 (0x00007fc91b984000)
libm.so.6 => /1ib64/libm.so.6 (0x00007fc91b83e000)
libgcc_s.so.1 => /1ib64/libgcc_s.so.1 (0x00007fc91b824000)
libc.so.6 => /1ib64/libc.so.6 (0x00007fc91b65b00O)
/1ib64/1d-1inux-x86-64.s0.2 (0x00007fc91c094000)

If a required library is missing, you would get a ‘not found’ entry:

1dd caller
linux-vdso.so.1 (0x00007ffd672fe000)
liblammps.so => not found
libstdc++.s0.6 => /usr/l1ib64/libstdc++.s0.6 (0x00007fb7c7e86000)
libm.so.6 => /usr/lib64/libm.so.6 (0x00007fb7c7d40000)
libgcc_s.so.1 => /usr/1lib64/libgcc_s.so.1 (0x00007fb7c7d26000)
libc.so.6 => /usr/lib64/libc.so.6 (0x00007fb7c7b5d000)
/1ib64/1d-1inux-x86-64.s0.2 (0x00007fb7c80a2000)

3.4 Basic build options

The following topics are covered on this page, for building with both CMake and make:
e Serial vs parallel build
* Choice of compiler and compile/link options
* Build the LAMMPS executable and library
* Including and removing debug support

e Install LAMMPS after a build

3.4.1 Serial vs parallel build

LAMMPS is written to use the ubiquitous MPI (Message Passing Interface) library API for distributed memory parallel
computation. You need to have such a library installed for building and running LAMMPS in parallel using a domain
decomposition parallelization. It is compatible with the MPI standard version 2.x and later. LAMMPS can also be
built into a “serial” executable for use with a single processor using the bundled MPI STUBS library.

Independent of the distributed memory MPI parallelization, parts of LAMMPS are also written with support for shared
memory parallelization using the OpenMP threading standard. A more detailed discussion of that is below.

CMake build

-D BUILD_MPI=value # yes or no, default is yes if CMake finds MPI, else.
—Nno

-D BUILD_OMP=value # yes or no, default is yes if a compatible compiler.,

—1s detected
-D LAMMPS_MACHINE=name # name = mpi, serial, mybox, titan, laptop, etc
# no default value
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The executable created by CMake (after running make) is named 1mp unless the LAMMPS_MACHINE op-
tion is set. When setting LAMMPS_MACHINE=name, the executable will be called lmp_name. Using
BUILD_MPI=no will enforce building a serial executable using the MPI STUBS library.

Traditional make

The build with traditional makefiles has to be done inside the source folder src.

make mpi # parallel build, produces Imp_mpi using Makefile.mpi
make serial # serial build, produces lmp_serial using Makefile/
—serial

make mybox # uses Makefile.mybox to produce Imp_mybox

Any make machine command will look up the make settings from a file Makefile.machine in the
folder src/MAKE or one of its subdirectories MINE, MACHINES, or OPTIONS, create a folder Obj_machine
with all objects and generated files and an executable called 1lmp_machine. The standard parallel build
with make mpi assumes a standard MPI installation with MPI compiler wrappers where all necessary
compiler and linker flags to get access and link with the suitable MPI headers and libraries are set by the
wrapper programs. For other cases or the serial build, you have to adjust the make file variables MPI_INC,
MPI_PATH, MPI_LIB as well as CC and LINK. To enable OpenMP threading usually a compiler specific flag
needs to be added to the compile and link commands. For the GNU compilers, this is -fopenmp, which
can be added to the CC and LINK makefile variables.

For the serial build the following make variables are set (see src/MAKE/Makefile.serial):

CC = g++
LINK = g++
MPI_INC = -I../STUBS
MPI_PATH = -L../STUBS
MPI_LIB = -lmpi_stubs

You also need to build the STUBS library for your platform before making LAMMPS itself. A make
serial build does this for you automatically, otherwise, type make mpi-stubs from the src directory,
or make from the src/STUBS dir. If the build fails, you may need to edit the STUBS/Makefile for your
platform. The stubs library does not provide MPI/IO functions required by some LAMMPS packages, e.g.
LATBOLTZ, and thus is not compatible with those packages.

Note: The file src/STUBS/mpi.cpp provides a CPU timer function called MPI_Wtime() that calls
gettimeofday(). If your operating system does not support gettimeofday (), you will need to insert
code to call another timer. Note that the ANSI-standard function clock () rolls over after an hour or so,
and is therefore insufficient for timing long LAMMPS simulations.
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MPI and OpenMP support in LAMMPS

If you are installing MPI yourself to build a parallel LAMMPS executable, we recommend either MPICH or OpenMPI,
which are regularly used and tested with LAMMPS by the LAMMPS developers. MPICH can be downloaded from
the MPICH home page, and OpenMPI can be downloaded correspondingly from the OpenMPI home page. Other MPI
packages should also work. No specific vendor provided and standard compliant MPI library is currently known to be
incompatible with LAMMPS. If you are running on a large parallel machine, your system admins or the vendor should
have already installed a version of MPI, which is likely to be faster than a self-installed MPICH or OpenMPI, so you
should study the provided documentation to find out how to build and link with it.

The majority of OpenMP (threading) support in LAMMPS is provided by the OPENMP package; see the OPENMP
package page for details. The INTEL package also includes OpenMP threading (it is compatible with OPENMP and will
usually fall back on styles from that package, if a INTEL does not exist) and adds vectorization support when compiled
with compatible compilers, in particular the Intel compilers on top of OpenMP. Also, the KOKKOS package can be
compiled to include OpenMP threading.

In addition, there are a few commands in LAMMPS that have native OpenMP support included as well. These are
commands in the ML-SNAP, DIFFRACTION, and DPD-REACT packages. Furthermore, some packages support OpenMP
threading indirectly through the libraries they interface to: e.g. KSPACE, and COLVARS. See the Packages details page
for more info on these packages, and the pages for their respective commands for OpenMP threading info.

For CMake, if you use BUILD_OMP=yes, you can use these packages and turn on their native OpenMP support and
turn on their native OpenMP support at run time, by setting the OMP_NUM_THREADS environment variable before you
launch LAMMPS.

For building via conventional make, the CCFLAGS and LINKFLAGS variables in Makefile.machine need to include the
compiler flag that enables OpenMP. For the GNU compilers or Clang, it is -fopenmp. For (recent) Intel compilers, it
is -qopenmp. If you are using a different compiler, please refer to its documentation.

OpenMP Compiler compatibility

Some compilers do not fully support the default (none) directive and others (e.g. GCC version 9 and beyond, Clang
version 10 and later) may implement strict OpenMP 4.0 and later semantics, which are incompatible with the OpenMP
3.1 semantics used in LAMMPS for maximal compatibility with compiler versions in use. If compilation with OpenMP
enabled fails because of your compiler requiring strict OpenMP 4.0 semantics, you can change the behavior by adding
-D LAMMPS_OMP_COMPAT=4 to the LMP_INC variable in your makefile, or add it to the command line while configuring
with CMake. LAMMPS will auto-detect a suitable setting for most GNU, Clang, and Intel compilers.

3.4.2 Choice of compiler and compile/link options

The choice of compiler and compiler flags can be important for maximum performance. Vendor provided compilers
for a specific hardware can produce faster code than open-source compilers like the GNU compilers. On the most
common x86 hardware, the most popular C++ compilers are quite similar in their ability to optimize regular C/C++
source code at high optimization levels. When using the INTEL package, there is a distinct advantage in using the
Intel C++ compiler due to much improved vectorization through SSE and AVX instructions on compatible hardware.
The source code in that package conditionally includes compiler specific directives to enable these high degrees of
vectorization. This may change over time as equivalent vectorization directives are included into the OpenMP standard
and other compilers adopt them.

On parallel clusters or supercomputers which use “environment modules” for their compile/link environments, you can
often access different compilers by simply loading the appropriate module before building LAMMPS.
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CMake build

By default CMake will use the compiler it finds according to internal preferences, and it will add opti-
mization flags appropriate to that compiler and any accelerator packages you have included in the build.
CMake will check if the detected or selected compiler is compatible with the C++ support requirements
of LAMMPS and stop with an error, if this is not the case.

You can tell CMake to look for a specific compiler with setting CMake variables (listed below) during
configuration. For a few common choices, there are also presets in the cmake/presets folder. For con-
venience, there is a CMAKE_TUNE_FLAGS variable that can be set to apply global compiler options (applied
to compilation only), to be used for adding compiler or host specific optimization flags in addition to the
“flags™ variables listed below. You may also specify the corresponding CMAKE_*_FLAGS variables indi-
vidually, if you want to experiment with alternate optimization flags. You should specify all 3 compilers,
so that the (few) LAMMPS source files written in C or Fortran are built with a compiler consistent with
the one used for the C++ files:

-D CMAKE_CXX_COMPILER=name # name of C++ compiler

-D CMAKE_C_COMPILER=name # name of C compiler

-D CMAKE_Fortran_COMPILER=name # name of Fortran compiler

-D CMAKE_CXX_FLAGS=string # flags to use with C++ compiler

-D CMAKE_C_FLAGS=string # flags to use with C compiler

-D CMAKE_Fortran_FLAGS=string # flags to use with Fortran compiler

A few example command lines are:

# Building with GNU Compilers:

cmake ../cmake -DCMAKE_C_COMPILER=gcc -DCMAKE_CXX_COMPILER-=g++ -DCMAKE_Fortran_
—.COMPILER=gfortran

# Building with Intel Compilers:

cmake ../cmake -DCMAKE_C_COMPILER=icc -DCMAKE_CXX_COMPILER-=icpc -DCMAKE_
—Fortran_COMPILER=ifort

# Building with Intel oneAPI Compilers:

cmake ../cmake -DCMAKE_C_COMPILER=icx -DCMAKE_CXX_COMPILER=icpx -DCMAKE_
—Fortran_COMPILER=ifx

# Building with LLVM/Clang Compilers:

cmake ../cmake -DCMAKE_C_COMPILER-clang -DCMAKE_CXX_COMPILER-clang++ -DCMAKE_
—Fortran_COMPILER=flang

# Building with PGI/Nvidia Compilers:

cmake ../cmake -DCMAKE_C_COMPILER=pgcc -DCMAKE_CXX_COMPILER=pgc++ -DCMAKE_
—Fortran_COMPILER=pgfortran

For compiling with the Clang/LLVM compilers a CMake preset is provided that can be loaded with -
C ../cmake/presets/clang.cmake. Similarly, -C ../cmake/presets/intel.cmake should switch the compiler
toolchain to the legacy Intel compilers, -C ../cmake/presets/oneapi.cmake will switch to the LLVM based
oneAPI Intel compilers, and -C ../cmake/presets/pgi.cmake will switch the compiler to the PGI compilers.

Furthermore, you can set CMAKE_TUNE_FLAGS to specifically add compiler flags to tune for optimal per-
formance on given hosts. This variable is empty by default.

Note: When the cmake command completes, it prints a summary to the screen which compilers it is
using and what flags and settings will be used for the compilation. Note that if the top-level compiler is
mpicxx, it is simply a wrapper on a real compiler. The underlying compiler info is what CMake will try
to determine and report. You should check to confirm you are using the compiler and optimization flags
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you want.

Makefile.machine settings for traditional make

The “compiler/linker settings” section of a Makefile.machine lists compiler and linker settings for your C++
compiler, including optimization flags. For a parallel build it is recommended to use mpicxx or mpiCC,
since these compiler wrappers will include a variety of settings appropriate for your MPI installation and
thus avoiding the guesswork of finding the right flags.

Parallel build (see src/MAKE/Makefile.mpi):

CC = mpicxx
CCFLAGS = -g -03
LINK = mpicxx
LINKFLAGS = -g -0

Serial build with GNU gcc (see src/MAKE/Makefile.serial):

CC = g++
CCFLAGS = -g -03
LINK = g++
LINKFLAGS = -g -0

Note: If compilation stops with a message like the following:

g++ -g -03 -DLAMMPS_GZIP -DLAMMPS_MEMALIGN=64 -I../STUBS -C ../main.cpp
In file included from ../pointers.h:24:0,

from ../input.h:17,

from ../main.cpp:16:
../lmptype.h:34:2: error: #error LAMMPS requires a C++11 (or later) compliant.
—compiler. Enable C++11 compatibility or upgrade the compiler.

then you have either an unsupported (old) compiler or you have to turn on C++11 mode. The latter applies
to GCC 4.8.x shipped with RHEL 7.x and CentOS 7.x or GCC 5.4.x shipped with Ubuntul6.04. For
those compilers, you need to add the -std=c++11 flag. If there is no compiler that supports this flag (or
equivalent), you would have to install a newer compiler that supports C++11; either as a binary package
or through compiling from source.

If you build LAMMPS with any Accelerator packages included, there may be specific compiler or linker
flags that are either required or recommended to enable required features and to achieve optimal perfor-
mance. You need to include these in the CCFLAGS and LINKFLAGS settings above. For details, see the
documentation for the individual packages listed on the Accelerator packages page. Or examine these files
in the src/MAKE/OPTIONS directory. They correspond to each of the 5 accelerator packages and their
hardware variants:

Makefile.opt

Makefile.omp
Makefile.intel_cpu
Makefile.intel_coprocessor
Makefile.gpu
Makefile.kokkos_cuda_mpi

OPT package

OPENMP package

INTEL package for CPUs
INTEL package for KNLs
GPU package

KOKKOS package for GPUs

H R R R W W%

(continues on next page)
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Makefile.kokkos_omp # KOKKOS package for CPUs (OpenMP)
Makefile.kokkos_phi # KOKKOS package for KNLs (OpenMP)

3.4.3 Build the LAMMPS executable and library

LAMMPS is always built as a library of C++ classes plus an executable. The executable is a simple main() function that
sets up MPI and then creates a LAMMPS class instance from the LAMMPS library, which will then process commands
provided via a file or from the console input. The LAMMPS library can also be called from another application or a
scripting language. See the Howto couple doc page for more info on coupling LAMMPS to other codes. See the Python

page for more info on wrapping and running LAMMPS from Python via its library interface.

CMake build

For CMake builds, you can select through setting CMake variables between building a shared or a static
LAMMPS library and what kind of suffix is added to them (in case you want to concurrently install multiple
variants of binaries with different settings). If none are set, defaults are applied.

-D BUILD_SHARED_LIBS=value # yes or no (default)
-D LAMMPS_MACHINE=name # name = mpi, serial, mybox, titan, laptop, etc
# no default value

The compilation will always produce a LAMMPS library and an executable linked to it. By
default, this will be a static library named liblammps.a and an executable named lmp Setting
BUILD_SHARED_LIBS=yes will instead produce a shared library called 1iblammps. so (or liblammps.
dylib or 1iblammps.dll depending on the platform) If LAMMPS_MACHINE=name is set in addition, the
name of the generated libraries will be changed to either 1iblammps_name.a or liblammps_name. so,
respectively and the executable will be called 1mp_name.

Traditional make

With the traditional makefile based build process, the choice of the generated executable or library depends
on the “mode” setting. Several options are available and mode=static is the default.

make machine # build LAMMPS executable Imp_machine

make mode=static machine # same as '"make machine"

make mode=shared machine # build LAMMPS shared 1ib 1iblammps_machine. so..
—instead

The “static” build will generate a static library called 1iblammps_machine.a and an executable named
Imp_machine, while the “shared” build will generate a shared library liblammps_machine.so in-
stead and 1mp_machine will be linked to it. The build step will also create generic soft links, named
liblammps.a and 1iblammps. so, which point to the specific liblammps_machine.a/so files.
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Additional information

Note that for creating a shared library, all the libraries it depends on must be compiled to be compatible with shared
libraries. This should be the case for libraries included with LAMMPS, such as the dummy MPI library in src/STUBS
or any package libraries in the 1ib directory, since they are always built in a shared library compatible way using the
-fPIC compiler switch. However, if an auxiliary library (like MPI or FFTW) does not exist as a compatible format,
the shared library linking step may generate an error. This means you will need to install a compatible version of the
auxiliary library. The build instructions for that library should tell you how to do this.

As an example, here is how to build and install the MPICH library, a popular open-source version of MPI, as a shared
library in the default /usr/local/lib location:

./configure --enable-shared
make
make install

You may need to use sudo make install in place of the last line if you do not have write privileges for /usr/local/
1ib or use the --prefix configuration option to select an installation folder, where you do have write access. The end
result should be the file /usr/local/lib/libmpich.so. On many Linux installations, the folder ${HOME}/.local
is an alternative to using /usr/local and does not require superuser or sudo access. In that case the configuration
step becomes:

./configure --enable-shared --prefix=${HOME}/.local

Avoiding the use of “sudo” for custom software installation (i.e. from source and not through a package manager tool
provided by the OS) is generally recommended to ensure the integrity of the system software installation.

3.4.4 Including or removing debug support

By default the compilation settings will include the -g flag which instructs the compiler to include debug information
(e.g. which line of source code a particular instruction correspond to). This can be extremely useful in case LAMMPS
crashes and can help to provide crucial information in fracking down the origin of a crash and help the LAMMPS
developers fix bugs in the source code. However, this increases the storage requirements for object files, libraries, and
the executable 3-5 fold.

If this is a concern, you can change the compilation settings or remove the debug information from the LAMMPS
executable:

 Traditional make: edit your Makefile.<machine> to remove the -g flag from the CCFLAGS and LINKFLAGS
definitions

¢ CMake: use -D CMAKE_BUILD_TYPE=Release or explicitly reset the applicable compiler flags (best done using
the text mode or graphical user interface).

* Remove debug info: If you are only concerned about the executable being too large, you can use the strip tool
(e.g. strip lmp_serial) to remove the debug information from the executable file. Do not strip libraries or
object files, as that will render them unusable.

3.4. Basic build options 43



https://www.mpich.org

LAMMPS Documentation, Release 7Feb2024 update1

3.4.5 Build LAMMPS tools

Some tools described in Auxiliary tools can be built directly using CMake or Make.

CMake build

-D BUILD_TOOLS=value # yes or no (default). Build binary2txt, chain.x,.
wmicelle2d.x, msi2lmp, phana, stl_bin2txt

-D BUILD_LAMMPS_SHELL=value # yes or no (default). Build lammps-shell

-D BUILD_LAMMPS_GUI=value # yes or no (default). Build lammps-gui

The generated binaries will also become part of the LAMMPS installation (see below).

Traditional make

cd lammps/tools

make all # build all binaries of tools
make binary2txt # build only binary2txt tool
make chain # build only chain tool

make micelle2d # build only micelle2d tool

cd lammps/tools/lammps-shell
make # build LAMMPS shell

3.4.6 Install LAMMPS after a build

After building LAMMPS, you may wish to copy the LAMMPS executable or library, along with other LAMMPS files
(library header, doc files), to a globally visible place on your system, for others to access. Note that you may need
super-user privileges (e.g. sudo) if the directory you want to copy files to is protected.

CMake build

cmake -D CMAKE_INSTALL_PREFIX=path [options ...] ../cmake

make # perform make after CMake command
make install # perform the installation into prefix

During the installation process CMake will by default remove any runtime path settings for loading shared
libraries. Because of this you may have to set or modify the LD_LIBRARY_PATH (or DYLD_LIBRARY_PATH)
environment variable, if you are installing LAMMPS into a non-system location and/or are linking to li-
braries in a non-system location that depend on such runtime path settings. As an alternative, you may
set the CMake variable LAMMPS_INSTALL_RPATH to on and then the runtime paths for any linked shared
libraries and the library installation folder for the LAMMPS library will be embedded and thus the require-
ment to set environment variables is avoided. The off setting is usually preferred for packaged binaries
or when setting up environment modules, the on setting is more convenient for installing software into a
non-system or personal folder.

Traditional make
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There is no “install” option in the src/Makefile for LAMMPS. If you wish to do this you will need to
first build LAMMPS, then manually copy the desired LAMMPS files to the appropriate system directories.

3.5 Optional build settings

LAMMPS can be built with several optional settings. Each subsection explains how to do this for building both with
CMake and make.

e C++11 standard compliance when building all of LAMMPS

* FFT library for use with the kspace_style pppm command

o Size of LAMMPS integer types and size limits

* Read or write compressed files

* Qutput of JPG, PNG, and move files via the dump image or dump movie commands
* Memory allocation alignment

» Workaround for long long integers

» Exception handling when using LAMMPS as a library to capture errors

e Trigger selected floating-point exceptions

3.5.1 C++11 standard compliance

A C++11 standard compatible compiler is a requirement for compiling LAMMPS. LAMMPS version 3 March 2020 is
the last version compatible with the previous C++98 standard for the core code and most packages. Most currently used
C++ compilers are compatible with C++11, but some older ones may need extra flags to enable C++11 compliance.
Example for GNU c++ 4.8.x:

CCFLAGS = -g -03 -std=c++11

3.5.2 FFT library

When the KSPACE package is included in a LAMMPS build, the kspace_style pppm command performs 3d FFTs
which require use of an FFT library to compute 1d FFTs. The KISS FFT library is included with LAMMPS, but other
libraries can be faster. LAMMPS can use them if they are available on your system.

New in version 7Feb2024.

Alternatively, LAMMPS can use the heFFTe library for the MPI communication algorithms, which comes with many
optimizations for special cases, e.g. leveraging available 2D and 3D FFTs in the back end libraries and better pipelining
for packing and communication.

CMake build
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-D FFT=value #
—else KISS

-D FFT_KOKKOS=value #
—1is KISS

-D FFT_SINGLE=value

-D FFT_PACK=value #

-D FFT_USE_HEFFTE=value

# yes or no (default), no = double precision

# yes or no (default), yes links to heFFTe

FFTW3 or MKL or KISS, default is FFTW3 if found,.

FFTW3 or MKL or KISS or CUFFT or HIPFFT, default.,

array (default) or pointer or memcpy

Note: When the Kokkos variant of a package is compiled and selected at run time, the FFT library selected
by the FFT_KOKKOS variable applies. Otherwise, the FFT library selected by the FFT variable applies.
The same FFT settings apply to both. FFT_KOKKOS must be compatible with the Kokkos back end - for
example, when using the CUDA back end of Kokkos, you must use either CUFFT or KISS.

Usually these settings are all that is needed. If FFTW3 is selected, then CMake will try to detect, if threaded
FFTW libraries are available and enable them by default. This setting is independent of whether OpenMP
threads are enabled and a package like KOKKOS or OPENMP is used. If CMake cannot detect the FFT
library, you can set these variables to assist:

-D FFTW3_INCLUDE_DIR=path
-D FFTW3_LIBRARY=path

-D FFTW3_OMP_LIBRARY=path
-D FFT_FFTW_THREADS=on

-D MKL_INCLUDE_DIR=path

-D FFT_MKL_THREADS=on

-D MKL_LIBRARY=path

-D FFT_HEFFTE_BACKEND=value
—heFFTe back end

-D Heffte_ROOT=path

# path to FFTW3 include files

# path to FFTW3 libraries

# path to FFTW3 OpenMP wrapper libraries

# enable using OpenlMP threaded FFTW3 libraries
# ditto for Intel MKL library

# enable using threaded FFTs with MKL libraries
# path to MKL libraries

# FFTW or MKL or empty/undefined for the stock.

# path to an existing heFFTe installation

Note: heFFTe comes with a builtin (= stock) back end for FFTs, i.e. a default internal FFT implementation;
however, this stock back end is intended for testing purposes only and is not optimized for production runs.

Traditional make

To change the FFT library to be used and its options, you have to edit your machine Makefile. Below are
examples how the makefile variables could be changed.

FFT_INC =

-DFFT_FFTW3

—-DFFT_MKL, or -DFFT_KISS

FFT_INC =

FFT_INC
FFT_INC =
FFT_INC
FFT_INC =

-DFFT_KOKKOS_CUFFT

-DFFT_SINGLE
-DFFT_FFTW_THREADS
-DFFT_MKL_THREADS
-DFFT_PACK_ARRAY

# -DFFT_FFTW3, -DFFT_FFTW (same as -DFFT_FFTW3),.

default is KISS if not specified
-DFFT_KOKKOS_{FFTW,FFTW3,MKL , CUFFT,HIPFFT,KISS}
default is KISS if not specified

do not specify for double precision

enable using threaded FFTW3 libraries

enable using threaded FFTs with MKL libraries
or -DFFT_PACK_POINTER or -DFFT_PACK_MEMCPY
default is FFT_PACK_ARRAY if not specified

o W W W W R W
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FFT_INC = -I/usr/local/include

FFT_PATH = -L/usr/local/lib

FFT_LIB = -lhipfft # hipFFT either precision

FFT_LIB = -lcufft # cuFFT either precision

FFT_LIB = -1fftw3 # FFTW3 double precision

FFT_LIB = -1fftw3 -1fftw3_omp # FFTW3 double precision with threads.

— (needs -DFFT_FFTW_THREADS)

FFT_LIB = -1fftw3 -1fftw3f # FFTW3 single precision

FFT_LIB = -1lmkl_intel_1p64 -1mkl_sequential -1lmkl_core # MKL with.,
~Intel compiler, serial interface

FFT_LIB = -1mkl_gf_1p64 -1mkl_sequential -1mkl_core # MKL with GNU.
—compiler, serial interface

FFT_LIB = -1mkl_intel_1p64 -1mkl_intel_thread -1lmkl_core # MKL with.,
~Intel compiler, threaded interface

FFT_LIB = -1mkl_gf_1p64 -1lmkl_gnu_thread -1lmkl_core # MKL with GNU.
~compiler, threaded interface

FFT_LIB = -lmkl rt # MKL with automatic runtime selection of.

—interface libs

As with CMake, you do not need to set paths in FFT_INC or FFT_PATH, if the compiler can find the FFT
header and library files in its default search path. You must specify FFT_LIB with the appropriate FFT
libraries to include in the link.

Traditional make can also link to heFFTe using an existing installation

include <path-to-heffte-installation>/share/heffte/HeffteMakefile.in
FFT_INC = -DFFT_HEFFTE -DFFT_HEFFTE_FFTW $Cheffte_include)

FFT_PATH =

FFT_LIB = $(heffte_link) $Cheffte_libs)

The heFFTe install path will contain HeffteMakefile.in. which will define the heffte_ include variables
needed to link to heFFTe from an external project using traditional make. The -DFFT_HEFFTE is required
to switch to using heFFTe, while the optional -DFFT_HEFFTE_FFTW selects the desired heFFTe back
end, e.g., -DFFT_HEFFTE_FFTW or -DFFT_HEFFTE_MKL, omitting the variable will default to the
stock back end. The heFFTe sfock back end is intended to be used for testing and debugging, but is not
performance optimized for large scale production runs.

The KISS FFT library is included in the LAMMPS distribution. It is portable across all platforms. Depending on the
size of the FFTs and the number of processors used, the other libraries listed here can be faster.

However, note that long-range Coulombics are only a portion of the per-timestep CPU cost, FFTs are only a portion
of long-range Coulombics, and 1d FFTs are only a portion of the FFT cost (parallel communication can be costly). A
breakdown of these timings is printed to the screen at the end of a run when using the kspace_style pppm command.
The Screen and logfile output page gives more details. A more detailed (and time consuming) report of the FFT
performance is generated with the kspace_modify fftbench yes command.

FFTW is a fast, portable FFT library that should also work on any platform and can be faster than the KISS FFT
library. You can download it from www.fftw.org. LAMMPS requires version 3.X; the legacy version 2.1.X is no longer
supported.

Building FFTW for your box should be as simple as ./configure; make; make install. The install command
typically requires root privileges (e.g. invoke it via sudo), unless you specify a local directory with the “—prefix” option
of configure. Type ./configure --help to see various options.

The Intel MKL math library is part of the Intel compiler suite. It can be used with the Intel or GNU compiler (see the
FFT_LIB setting above).
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The cuFFT and hipFFT FFT libraries are packaged with NVIDIA’s CUDA and AMD’s HIP installations, respectively.
These FFT libraries require the Kokkos acceleration package to be enabled and the Kokkos back end to be GPU-resident
(i.e., HIP or CUDA).

Performing 3d FFTs in parallel can be time-consuming due to data access and required communication. This cost
can be reduced by performing single-precision FFTs instead of double precision. Single precision means the real and
imaginary parts of a complex datum are 4-byte floats. Double precision means they are 8-byte doubles. Note that
Fourier transform and related PPPM operations are somewhat less sensitive to floating point truncation errors, and thus
the resulting error is generally less than the difference in precision. Using the -DFFT_SINGLE setting trades off a little
accuracy for reduced memory use and parallel communication costs for transposing 3d FFT data.

When using -DFFT_SINGLE with FFTW3, you may need to ensure that the FFTW3 installation includes support for
single-precision.

When compiler FFTW3 from source, you can do the following, which should produce the additional libraries
libfftw3f.a and/or libfftw3f.so.

make clean
./configure --enable-single; make; make install

Performing 3d FFTs requires communication to transpose the 3d FFT grid. The data packing/unpacking for this can
be done in one of 3 modes (ARRAY, POINTER, MEMCPY) as set by the FFT_PACK syntax above. Depending on
the machine, the size of the FFT grid, the number of processors used, one option may be slightly faster. The default is
ARRAY mode.

When using -DFFT_HEFFTE CMake will first look for an existing install with hints provided by -DHeffte_ROOT, as
recommended by the CMake standard and note that the name is case sensitive. If CMake cannot find a heFFTe instal-
lation with the correct back end (e.g., FFTW or MKL), it will attempt to download and build the library automatically.
In this case, LAMMPS CMake will also accept all heFFTe specific variables listed in the heFFTe documentation and
those variables will be passed into the heFFTe build.

3.5.3 Size of LAMMPS integer types and size limits

LAMMPS uses a few custom integer data types, which can be defined as either 4-byte (= 32-bit) or 8-byte (= 64-bit)
integers at compile time. This has an impact on the size of a system that can be simulated, or how large counters can
become before “rolling over”. The default setting of “smallbig” is almost always adequate.

CMake build

With CMake the choice of integer types is made via setting a variable during configuration.

-D LAMMPS_SIZES=value # smallbig (default) or bigbig or smallsmall

If the variable is not set explicitly, “smallbig” is used.

Traditional build

If you want a setting different from the default, you need to edit the LMP_INC variable setting your machine
Makefile.

LMP_INC = -DLAMMPS_SMALLBIG # or -DLAMMPS_BIGBIG or -DLAMMPS_SMALLSMALL

The default setting is ~-DLAMMPS_SMALLBIG if nothing is specified

48 Chapter 3. Build LAMMPS



https://mkstoyanov.bitbucket.io/heffte/md_doxygen_installation.html

LAMMPS Documentation, Release 7Feb2024 update1

LAMMPS system size restrictions

smallbig bigbig smallsmall

Total atom count 2% atoms (= 9.223 - 10'8) 293 atoms (= 9.223 - 10'%) 231 atoms (= 2.147 - 10%)
Total timesteps 293 steps (= 9.223 - 10'8) 293 steps (= 9.223 - 10'9) 231 steps (= 2.147 - 10%)
AtomID values 1 <i<2(=2.147-10° 1<i<2%(=9223-10'8) 1<i< 23(=2.147-10%
Image flag values —512 <i <511 —1048576 <i<1048575 —-512<i<511

The “bigbig” setting increases the size of image flags and atom IDs over “smallbig” and the “smallsmall” setting is
only needed if your machine does not support 64-bit integers or incurs performance penalties when using them.

These are limits for the core of the LAMMPS code, specific features or some styles may impose additional limits. The
ATC package cannot be compiled with the “bigbig” setting. Also, there are limitations when using the library interface
where some functions with known issues have been replaced by dummy calls printing a corresponding error message
rather than crashing randomly or corrupting data.

Atom IDs are not required for atomic systems which do not store bond topology information, though IDs are enabled
by default. The atom_modify id no command will turn them off. Atom IDs are required for molecular systems with
bond topology (bonds, angles, dihedrals, etc). Similarly, some force or compute or fix styles require atom IDs. Thus, if
you model a molecular system or use one of those styles with more than 2 billion atoms, you need the “bigbig” setting.

Regardless of the total system size limits, the maximum number of atoms per MPI rank (local + ghost atoms) is limited
to 2 billion for atomic systems and 500 million for systems with bonds (the additional restriction is due to using the 2
upper bits of the local atom index in neighbor lists for storing special bonds info).

Image flags store 3 values per atom in a single integer, which count the number of times an atom has moved through the
periodic box in each dimension. See the dump manual page for a discussion. If an atom moves through the periodic box
more than this limit, the value will “roll over”, e.g. from 511 to -512, which can cause diagnostics like the mean-squared
displacement, as calculated by the compute msd command, to be faulty.

Also note that the GPU package requires its lib/gpu library to be compiled with the same size setting, or the link will
fail. A CMake build does this automatically. When building with make, the setting in whichever 1ib/gpu/Makefile
is used must be the same as above.

3.5.4 Output of JPG, PNG, and movie files

The dump image command has options to output JPEG or PNG image files. Likewise, the dump movie command
outputs movie files in a variety of movie formats. Using these options requires the following settings:

CMake build
-D WITH_JPEG=value # yes or no

# default = yes if CMake finds JPEG files, else no
-D WITH_PNG=value # yes or no

# default = yes if CMake finds PNG and ZLIB files,..
—else no
-D WITH_FFMPEG=value # yes or no

# default = yes if CMake can find ffmpeg, else no

Usually these settings are all that is needed. If CMake cannot find the graphics header, library, executable
files, you can set these variables:
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-D JPEG_INCLUDE_DIR=path
-D JPEG_LIBRARY=path

-D PNG_INCLUDE_DIR=path
-D PNG_LIBRARY=path

-D ZLIB_INCLUDE_DIR=path
-D ZLIB_LIBRARY=path

-D FFMPEG_EXECUTABLE=path

# path
# path
# path
# path
# path
# path
# path

to
to
to
to
to
to
to

jpeglib.h header file
libjpeg.a (.so) file
png.h header file
libpng.a (.so) file
zlib.h header file
libz.a (.so) file
ffmpeg executable

Traditional make

LMP_INC
JPG_INC = -I/usr/local/in

JPG_PATH = -L/usr/lib

JPG_LIB = -ljpeg -1png -1

clude # path to jpeglib.h, png.h, zlib.h header.
~files if make cannot find them
# paths to libjpeg.a, libpng.a, libz.a (.so).
~files if make cannot find them
Z # library names

-DLAMMPS_JPEG -DLAMMPS_PNG -DLAMMPS_FFMPEG <other LMP_INC settings>

As with CMake, you do not need to set JPG_INC or JPG_PATH, if make can find the graphics header and
library files in their default system locations. You must specify JPG_LIB with a list of graphics libraries to
include in the link. You must make certain that the ffmpeg executable (or ffmpeg.exe on Windows) is in a
directory where LAMMPS can find it at runtime; that is usually a directory list in your PATH environment

variable.

Using ffmpeg to output movie files requires that your machine supports the “popen” function in the standard runtime

library.

Note: On some clusters with high-speed networks, using the fork() library call (required by popen()) can interfere
with the fast communication library and lead to simulations using ffmpeg to hang or crash.

3.5.5 Read or write compressed files

If this option is enabled, large files can be read or written with compression by gzip or similar tools by several
LAMMPS commands, including read_data, rerun, and dump. Supported compression tools are currently gzip, bzip2,

zstd, and 1zma.

CMake build

-D WITH_GZIP=value

—else no

# yes or no

# default is yes if CMake can find the gzip program,.

Traditional make
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LMP_INC = -DLAMMPS_GZIP <other LMP_INC settings>

This option requires that your operating system fully supports the “popen()” function in the standard runtime library
and that a gzip or other executable can be found by LAMMPS in the standard search path during a run.

Note: On clusters with high-speed networks, using the “fork()” library call (required by “popen()”) can interfere with
the fast communication library and lead to simulations using compressed output or input to hang or crash. For selected
operations, compressed file I/O is also available using a compression library instead, which is what the COMPRESS
package enables.

3.5.6 Memory allocation alignment

This setting enables the use of the “posix_memalign()” call instead of “malloc()” when LAMMPS allocates large
chunks of memory. Vector instructions on CPUs may become more efficient, if dynamically allocated memory is
aligned on larger-than-default byte boundaries. On most current operating systems, the “malloc()” implementation
returns pointers that are aligned to 16-byte boundaries. Using SSE vector instructions efficiently, however, requires
memory blocks being aligned on 64-byte boundaries.

CMake build

-D LAMMPS_MEMALIGN=value #0, 8 16, 32, 64 (default)

Use a LAMMPS_MEMALIGN value of O to disable using “posix_memalign()” and revert to using the “mal-
loc()” C-library function instead. When compiling LAMMPS for Windows systems, “malloc()” will al-
ways be used and this setting is ignored.

Traditional make

LMP_INC = -DLAMMPS_MEMALIGN=value # 8, 16, 32, 64

Do not set -DLAMMPS_MEMALIGN, if you want to have memory allocated with the “malloc()” function call
instead. -DLAMMPS_MEMALIGN cannot be used on Windows, as Windows different function calls with
different semantics for allocating aligned memory, that are not compatible with how LAMMPS manages
its dynamical memory.
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3.5.7 Workaround for long long integers

If your system or MPI version does not recognize “long long” data types, the following setting will be needed. It
converts “long long” to a “long” data type, which should be the desired 8-byte integer on those systems:

CMake build

-D LAMMPS_LONGLONG_TO_LONG=value # yes or no (default)

Traditional make

LMP_INC = -DLAMMPS_LONGLONG_TO_LONG <other LMP_INC settings>

3.5.8 Exception handling when using LAMMPS as a library

LAMMPS errors do not kill the calling code, but throw an exception. In the C-library interface, the call stack is
unwound and control returns to the caller, e.g. to Python or a code that is coupled to LAMMPS. The error status can
then be queried. When using C++ directly, the calling code has to be set up to catch exceptions thrown from within
LAMMPS.

Note: When LAMMPS is running in parallel, it is not always possible to cleanly recover from an exception since not
all parallel ranks may throw an exception and thus other MPI ranks may get stuck waiting for messages from the ones
with errors.

3.5.9 Trigger selected floating-point exceptions

Many kinds of CPUs have the capability to detect when a calculation results in an invalid math operation, like a division
by zero or calling the square root with a negative argument. The default behavior on most operating systems is to
continue and have values for NaN (= not a number) or Inf (= infinity). This allows software to detect and recover from
such conditions. This behavior can be changed, however, often through use of compiler flags. On Linux systems (or
more general on systems using the GNU C library), these so-called floating-point traps can also be selectively enabled
through library calls. LAMMPS supports that by setting the -DLAMMPS_TRAP_FPE pre-processor define. As it is done
in the main () function, this applies only to the standalone executable, not the library.

CMake build

-D CMAKE_TUNE_FLAGS=-DLAMMPS_TRAP_FPE

Traditional make

LMP_INC = -DLAMMPS_TRAP_FPE <other LMP_INC settings>
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After compilation with this flag set, the LAMMPS executable will stop and produce a core dump when a division by
zero, overflow, illegal math function argument or other invalid floating point operation is encountered.

3.6 Include packages in build

In LAMMPS, a package is a group of files that enable a specific set of features. For example, force fields for molecular
systems or rigid-body constraints are in packages. In the src directory, each package is a subdirectory with the package
name in capital letters.

An overview of packages is given on the Packages doc page. Brief overviews of each package are on the Packages
details page.

When building LAMMPS, you can choose to include or exclude each package. Generally, there is no need to include
a package if you never plan to use its features.

If you get a run-time error that a LAMMPS command or style is “unknown”, it is often because the command is
contained in a package, and your build did not include that package. If the command or style is available in a package
included in the LAMMPS distribution, the error message will indicate which package would be needed. Running
LAMMPS with the -h command-line switch will print all optional commands and packages that were enabled when
building that executable.

For the majority of packages, if you follow the single step below to include it, you can then build LAMMPS exactly the
same as you would without any packages installed. A few packages may require additional steps, as explained on the
Build extras page.

These links take you to the extra instructions for those select packages:

ADIOS ATC AWPMD COLVARS COMPRESS ELECTRODE
GPU H5MD INTEL KIM KOKKOS LEPTON
MACHDYN MDI ML-HDNNP ML-IAP ML-PACE ML-POD
ML-QUIP MOLFILE NETCDF OPENMP OPT PLUMED
POEMS PYTHON  OMMM SCAFACOS VORONOI VIK

The mechanism for including packages is simple but different for CMake versus make.

CMake build

-D PKG_NAME=value # yes or no (default)

Examples:

-D PKG_MANYBODY=yes
-D PKG_INTEL=yes

All packages are included the same way. See the shortcut section below for how to install many packages
at once with CMake.

Note: If you switch between building with CMake and make builds, no packages in the src directory can
be installed when you invoke cmake. CMake will give an error if that is not the case, indicating how you
can uninstall all packages in the src dir.
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Traditional make

cd lammps/src

make ps # check which packages are currently installed
make yes-name # install a package with name

make no-name # uninstall a package with name

make mpi # build LAMMPS with whatever packages are now.
—installed

Examples:

make no-rigid
make yes-intel

All packages are included the same way. See the shortcut section below for how to install many packages
at once with make.

Note: You must always re-build LAMMPS (via make) after installing or uninstalling a package, for the
action to take effect. The included dependency tracking will make certain only files that are required to be
rebuilt are recompiled.

Note: You cannot install or uninstall packages and build LAMMPS in a single make command with
multiple targets, e.g. make yes-colloid mpi. This is because the make procedure creates a list of
source files that will be out-of-date for the build if the package configuration changes within the same com-
mand. You can include or exclude multiple packages in a single make command, e.g. make yes-colloid
no-manybody.

3.6.1 Information for both build systems

Almost all packages can be included or excluded in a LAMMPS build, independent of the other packages. However,
some packages include files derived from files in other packages. LAMMPS checks for this and does the right thing.
Individual files are only included if their dependencies are already included. Likewise, if a package is excluded, other
files dependent on that package are also excluded.

Note: By default no packages are installed. Prior to August 2018, however, if you downloaded a tarball, 3 packages
(KSPACE, MANYBODY, MOLECULE) were pre-installed via the traditional make procedure in the src directory.
That is no longer the case, so that CMake will build as-is without needing to uninstall those packages.
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3.6.2 CMake presets for installing many packages

Instead of specifying all the CMake options via the command-line, CMake allows initializing its settings cache using
script files. These are regular CMake files which can manipulate and set CMake variables (which represent selected
options), and can also contain control flow constructs for more complex operations.

LAMMPS includes several of these files to define configuration “presets”, similar to the options that exist for the Make
based system. Using these files, you can enable/disable portions of the available packages in LAMMPS. If you need a
custom preset, you can make a copy of one of them and modify it to suit your needs.

cmake -C ../cmake/presets/basic.cmake [OPTIONS] ../cmake # enable just a few core,
—packages
cmake -C ../cmake/presets/most.cmake [OPTIONS] ../cmake # enable most packages

cmake -C ../cmake/presets/download.cmake [OPTIONS] ../cmake # enable packages which,,
—download sources or potential files

cmake -C ../cmake/presets/nolib.cmake [OPTIONS] ../cmake # disable packages that do.
—require extra libraries or tools

cmake -C ../cmake/presets/clang.cmake [OPTIONS] ../cmake # change settings to use.
—the Clang compilers by default

cmake -C ../cmake/presets/gcc.cmake [OPTIONS] ../cmake # change settings to use.
—the GNU compilers by default

cmake -C ../cmake/presets/intel.cmake [OPTIONS] ../cmake # change settings to use,
—the Intel compilers by default

cmake -C ../cmake/presets/pgi.cmake [OPTIONS] ../cmake # change settings to use.
—the PGI compilers by default

cmake -C ../cmake/presets/all_on.cmake [OPTIONS] ../cmake # enable all packages
cmake - /cmake/presets/all off.cmake [OPTIONS] ../cmake # disable all packages
mingw64 cmake - ./cmake/presets/mingw-cross.cmake [OPTIONS] ../cmake # compile with.,

< MinGW cross—compllers
cmake -C ../cmake/presets/macos-multiarch.cmake [OPTIONS] ../cmake # compile serial.
~multi-arch binaries on macOS

Presets that have names starting with “windows” are specifically for compiling LAMMPS natively on Windows and
presets that have names starting with “kokkos” are specifically for selecting configurations for compiling LAMMPS
with KOKKOS.

Note: Running cmake this way manipulates the CMake settings cache in your current build directory. You can combine
multiple presets and options in a single cmake run, or change settings incrementally by running cmake with new flags.
If you use a present for selecting a set of compilers, it will reset all settings from previous CMake runs.

Example

# build LAMMPS with most commonly used packages, but then remove

# those requiring additional library or tools, but still enable

# GPU package and configure it for using CUDA. You can run.

mkdir build

cd build

cmake -C ../cmake/presets/most.cmake -C ../cmake/presets/nolib.cmake -D PKG_GPU=on -D.
—GPU_API=cuda ../cmake

# to add another package, say BODY to the previous configuration you can run:
(continues on next page)
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(continued from previous page)

cmake -D PKG_BODY=on .

# to reset the package selection from above to the default of no packages
# but leaving all other settings untouched. You can run:
cmake -C ../cmake/presets/all_off.cmake .

3.6.3 Make shortcuts for installing many packages

The following commands are useful for managing package source files and their installation when building LAMMPS
via traditional make. Just type make in lammps/src to see a one-line summary.

These commands install/uninstall sets of packages:

make yes-all # install all packages

make no-all # check for changes and uninstall all packages
make no-installed # only check and uninstall installed packages

make yes-basic # install a few commonly used packages

make no-basic # remove a few commonly used packages'

make yes-most # install most packages w/o 1ibs'

make no-most # remove most packages w/o 1libs'

make yes-1lib # install packages that require extra libraries
make no-1ib # uninstall packages that require extra libraries
make yes-ext # install packages that require external libraries
make no-ext # uninstall packages that require external libraries

which install/uninstall various sets of packages. Typing make package will list all the these commands.

Note: Installing or uninstalling a package for the make based build process works by simply copying files back and
forth between the main source directory src and the subdirectories with the package name (e.g. src/KSPACE, src/ATC),
so that the files are included or excluded when LAMMPS is built. Only source files in the src folder will be compiled.

The following make commands help manage files that exist in both the src directory and in package subdirectories. You
do not normally need to use these commands unless you are editing LAMMPS files or are updating LAMMPS via git.

Type make package-status ormake ps toshow which packages are currently installed. For those that are installed,
it will list any files that are different in the src directory and package subdirectory.

Typemake package-installedormake pi toshow which packages are currently installed, without listing the status
of packages that are not installed.

Type make package-update or make pu to overwrite src files with files from the package subdirectories if the pack-
age is installed. It should be used after the checkout has been updated or changed with git, this will only update the
files in the package subdirectories, but not the copies in the src folder.

Type make package-overwrite to overwrite files in the package subdirectories with src files.

Type make package-diff to list all differences between pairs of files in both the source directory and the package
directory.
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3.7 Packages with extra build options

When building with some packages, additional steps may be required, in addition to

CMake build Traditional make

cmake -D PKG_NAME=yes make yes-name

as described on the Build_package page.

For a CMake build there may be additional optional or required variables to set. For a build with make, a provided
library under the lammps/lib directory may need to be built first. Or an external library may need to exist on your
system or be downloaded and built. You may need to tell LAMMPS where it is found on your system.

This is the list of packages that may require additional steps.

ADIOS ATC AWPMD COLVARS COMPRESS ELECTRODE
GPU H5MD INTEL KIM KOKKOS LEPTON
MACHDYN MDI ML-HDNNP ML-IAP ML-PACE ML-POD
ML-QUIP MOLFILE NETCDF OPENMP OPT PLUMED
POEMS PYTHON QMMM SCAFACOS VORONOI VIK

3.7.1 COMPRESS package

To build with this package you must have the zlib compression library available on your system to build dump styles
with a ‘/gz’ suffix. There are also styles using the Zstandard library which have a ‘/zstd’ suffix. The zstd library version
must be at least 1.4. Older versions use an incompatible API and thus LAMMPS will fail to compile.

CMake build

If CMake cannot find the zlib library or include files, you can set these variables:

-D ZLIB_INCLUDE_DIR=path # path to zlib.h header file
-D ZLIB_LIBRARY=path # path to libz.a (.so) file

Support for Zstandard compression is auto-detected and for that CMake depends on the pkg-config tool
to identify the necessary flags to compile with this library, so the corresponding 1ibzstandard.pc file
must be in a folder where pkg-config can find it, which may require adding it to the PKG_CONFIG_PATH
environment variable.

Traditional make

To include support for Zstandard compression, ~-DLAMMPS_ZSTD must be added to the compiler flags. If
make cannot find the libraries, you can edit the file 1ib/compress/Makefile.lammps to specify the
paths and library names. This must be done before the package is installed.
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3.7.2 GPU package

To build with this package, you must choose options for precision and which GPU hardware to build for. The GPU
package currently supports three different types of backends: OpenCL, CUDA and HIP.

CMake build
-D GPU_API=value # value = opencl (default) or cuda or hip
-D GPU_PREC=value # precision setting
# value = double or mixed (default) or single
-D GPU_ARCH=value # primary GPU hardware choice for GPU_API=cuda
# value = sm_XX (see below, default is sm_50)
-D GPU_DEBUG=value # enable debug code in the GPU package library, mostly.,

—useful for developers

-D HIP_PATH=value # value

# value = yes or no (default)
path to HIP installation. Must be set if GPU_

—API=HIP

-D HIP_ARCH=value

H

primary GPU hardware choice for GPU_API=hip
# value depends on selected HIP_PLATFORM
# default is 'gfx906' for HIP_PLATFORM=amd and 'sm_50' for HIP_

—PLATFORM=nvcc
-D HIP_USE_DEVICE_SORT=value # enables GPU sorting

# value = yes (default) or no

-D CUDPP_OPT=value # use GPU binning on with CUDA (should be off for modern.,
—GPUs)

# enables CUDA Performance Primitives, must be "no" for.

—CUDA_MPS_SUPPORT=yes

# value = yes or no (default)

-D CUDA_MPS_SUPPORT=value # enables some tweaks required to run with active nvidia-
—cuda-mps daemon

# value = yes or no (default)

-D CUDA_BUILD_MULTIARCH=value # enables building CUDA kernels for all supported GPU.
—architectures

# value = yes (default) or no

-D USE_STATIC_OPENCL_LOADER=value # downloads/includes OpenCL ICD loader library, no..
—local OpenCL headers/libs needed

# value = yes (default) or no

GPU_ARCH settings for different GPU hardware is as follows:

sm_30 for Kepler (supported since CUDA 5 and until CUDA 10.x)

sm_35 or sm_37 for Kepler (supported since CUDA 5 and until CUDA 11.x)
sm_50 or sm_52 for Maxwell (supported since CUDA 6)

sm_60 or sm_61 for Pascal (supported since CUDA 8)

sm_70 for Volta (supported since CUDA 9)

sm_75 for Turing (supported since CUDA 10)

sm_80 or sm_86 for Ampere (supported since CUDA 11, sm_86 since CUDA 11.1)
sm_89 for Lovelace (supported since CUDA 11.8)

sm_90 for Hopper (supported since CUDA 12.0)
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A more detailed list can be found, for example, at Wikipedia’s CUDA article

CMake can detect which version of the CUDA toolkit is used and thus will try to include support for all major GPU
architectures supported by this toolkit. Thus the GPU_ARCH setting is merely an optimization, to have code for the
preferred GPU architecture directly included rather than having to wait for the JIT compiler of the CUDA driver to
translate it. This behavior can be turned off (e.g. to speed up compilation) by setting CUDA_ENABLE_MULTTIARCH to no.

When compiling for CUDA or HIP with CUDA, version 8.0 or later of the CUDA toolkit is required and a GPU
architecture of Kepler or later, which must also be supported by the CUDA toolkit in use and the CUDA driver in use.
When compiling for OpenCL, OpenCL version 1.2 or later is required and the GPU must be supported by the GPU
driver and OpenCL runtime bundled with the driver.

When building with CMake, you must NOT build the GPU library in 1ib/gpu using the traditional build procedure.
CMake will detect files generated by that process and will terminate with an error and a suggestion for how to remove
them.

If you are compiling for OpenCL, the default setting is to download, build, and link with a static OpenCL ICD
loader library and standard OpenCL headers. This way no local OpenCL development headers or library needs to
be present and only OpenCL compatible drivers need to be installed to use OpenCL. If this is not desired, you can set
USE_STATIC_OPENCL_LOADER to no.

The GPU library has some multi-thread support using OpenMP. If LAMMPS is built with -D BUILD_OMP=on this will
also be enabled.

If you are compiling with HIP, note that before running CMake you will have to set appropriate environment variables.
Some variables such as HCC_AMDGPU_TARGET (for ROCm <= 4.0) or CUDA_PATH are necessary for hipcc and the
linker to work correctly.

New in version 3Aug2022.

Using the CHIP-SPV implementation of HIP is supported. It allows one to run HIP code on Intel GPUs via the OpenCL
or Level Zero backends. To use CHIP-SPV, you must set -DHIP_USE_DEVICE_SORT=OFF in your CMake command
line as CHIP-SPV does not yet support hipCUB. As of Summer 2022, the use of HIP for Intel GPUs is experimental.
You should only use this option in preparations to run on Aurora system at Argonne.

# AMDGPU target (ROCm <= 4.0)

export HIP_PLATFORM=hcc

export HIP_PATH=/path/to/HIP/install

export HCC_AMDGPU_TARGET=gfx906

cmake -D PKG_GPU=on -D GPU_API=HIP -D HIP_ARCH=gfx906 -D CMAKE_CXX_COMPILER=hipcc ..
make -j 4

# AMDGPU target (ROCm >= 4.1)

export HIP_PLATFORM=amd

export HIP_PATH=/path/to/HIP/install

cmake -D PKG_GPU=on -D GPU_API=HIP -D HIP_ARCH=gfx906 -D CMAKE_CXX_COMPILER=hipcc ..
make -j 4

# CUDA target (not recommended, use GPU_ARCH=cuda)

# 11! DO NOT set CMAKE_CXX_COMPILER !!!

export HIP_PLATFORM=nvcc

export HIP_PATH=/path/to/HIP/install

export CUDA_PATH=/usr/local/cuda

cmake -D PKG_GPU=on -D GPU_API=HIP -D HIP_ARCH=sm_70 ..
make -j 4
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# SPIR-V target (Intel GPUs)

export HIP_PLATFORM=spirv

export HIP_PATH=/path/to/HIP/install
export CMAKE_CXX_COMPILER=<hipcc/clang++>
cmake -D PKG_GPU=on -D GPU_API=HIP ..
make -j 4

Traditional make

Before building LAMMPS, you must build the GPU library in 1ib/gpu. You can do this manually if you prefer;
follow the instructions in 1ib/gpu/README. Note that the GPU library uses MPI calls, so you must use the same
MPI library (or the STUBS library) settings as the main LAMMPS code. This also applies to the -DLAMMPS_BIGBIG,
-DLAMMPS_SMALLBIG, or ~-DLAMMPS_SMALLSMALL settings in whichever Makefile you use.

You can also build the library in one step from the lammps/src dir, using a command like these, which simply invokes
the 1ib/gpu/Install.py script with the specified args:

make 1lib-gpu # print help message

make lib-gpu args="-b" # build GPU library with default Makefile.linux

make lib-gpu args="-m xk7 -p single -o xk7.single" # create new Makefile.xk7.single,.,
—altered for single-precision

make lib-gpu args="-m mpi -a sm_60 -p mixed -b" # build GPU library with mixed precision.,
—and P100 using other settings in Makefile.mpi

Note that this procedure starts with a Makefile.machine in lib/gpu, as specified by the “-m” switch. For your conve-
nience, machine makefiles for “mpi” and “serial” are provided, which have the same settings as the corresponding
machine makefiles in the main LAMMPS source folder. In addition you can alter 4 important settings in the Make-
file.machine you start from via the corresponding -c, -a, -p, -e switches (as in the examples above), and also save a copy
of the new Makefile if desired:

* CUDA_HOME = where NVIDIA CUDA software is installed on your system

* CUDA_ARCH = sm_XX, what GPU hardware you have, same as CMake GPU_ARCH above
* CUDA_PRECISION = precision (double, mixed, single)

* EXTRAMAKE = which Makefile.lammps.* file to copy to Makefile.lammps

The file Makefile.cuda is set up to include support for multiple GPU architectures as supported by the CUDA toolkit
in use. This is done through using the “—gencode ““ flag, which can be used multiple times and thus support all GPU
architectures supported by your CUDA compiler.

To enable GPU binning via CUDA performance primitives set the Makefile variable CUDPP_OPT = -DUSE_CUDPP
-Icudpp_mini. This should not be used with most modern GPUs.

To support the CUDA multiprocessor server you can set the define -DCUDA_MPS_SUPPORT. Please note that in this case
you must not use the CUDA performance primitives and thus set the variable CUDPP_OPT to empty.

The GPU library has some multi-thread support using OpenMP. You need to add the compiler flag that enables OpenMP
to the CUDR_OPTS Makefile variable.

If the library build is successful, 3 files should be created: 1ib/gpu/libgpu.a, 1ib/gpu/nvc_get_devices, and
lib/gpu/Makefile.lammps. The latter has settings that enable LAMMPS to link with CUDA libraries. If the set-
tings in Makefile.lammps for your machine are not correct, the LAMMPS build will fail, and 1ib/gpu/Makefile.
lammps may need to be edited.

60 Chapter 3. Build LAMMPS




LAMMPS Documentation, Release 7Feb2024 update1

Note: If you re-build the GPU library in 1ib/gpu, you should always uninstall the GPU package in lammps/src,
then re-install it and re-build LAMMPS. This is because the compilation of files in the GPU package uses the library
settings from the 1ib/gpu/Makefile.machine used to build the GPU library.

3.7.3 KIM package

To build with this package, the KIM library with API v2 must be downloaded and built on your system. It must include
the KIM models that you want to use with LAMMPS.

If you would like to use the kim query command, you also need to have libcurl installed with the matching development
headers and the curl-config tool.

If you would like to use the kim property command, you need to build LAMMPS with the PYTHON package installed
and linked to Python 3.6 or later. See the PYTHON package build info for more details on this. After successfully
building LAMMPS with Python, you also need to install the kim-property Python package, which can be easily done
using pip as pip install kim-property, or from the conda-forge channel as conda install kim-property if
LAMMPS is built in Conda. More detailed information is available at: kim-property installation.

In addition to installing the KIM API, it is also necessary to install the library of KIM models (interatomic potentials).
See Obtaining KIM Models to learn how to install a pre-build binary of the OpenKIM Repository of Models. See the
list of all KIM models here: https://openkim.org/browse/models

(Also note that when downloading and installing from source the KIM API library with all its models, may take a long
time (tens of minutes to hours) to build. Of course you only need to do that once.)

CMake build

-D DOWNLOAD_KIM=value # download OpenKIM API v2 for build, value =.
~no (default) or yes

-D LMP_DEBUG_CURL=value # set libcurl verbose mode on/off, value = off.
— (default) or on

-D LMP_NO_SSL_CHECK=value # tell libcurl to not verify the peer, value =,

—no (default) or yes
-D KIM_EXTRA_UNITTESTS=value # enables extra unit tests, value = no.
- (default) or yes

If DOWNLOAD_KIN is set to yes (or on), the KIM API library will be downloaded and built inside the CMake
build directory. If the KIM library is already installed on your system (in a location where CMake cannot
find it), you may need to set the PKG_CONFIG_PATH environment variable so that libkim-api can be found,
or run the command source kim-api-activate.

Extra unit tests can only be available if they are explicitly requested (KIM_EXTRA_UNITTESTS is set to yes
(or on)) and the prerequisites are met. See KIM Extra unit tests for more details on this.

Traditional make

You can download and build the KIM library manually if you prefer; follow the instructions in 1ib/kim/
README. You can also do this in one step from the lammps/src directory, using a command like these,
which simply invokes the 1ib/kim/Install.py script with the specified args.
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make lib-kim # print help message

make lib-kim args="-b " # (re-)install KIM API 1ib with only example models
make lib-kim args="-b -a Glue_Ercolessi_Adams_Al__MO_324507536345_001" #.
~ditto plus one model

make lib-kim args="-b -a everything" # install KIM API 1ib with all models
make lib-kim args="-n -a EAM_Dynamo_Ackland_W__MO_141627196590_002" #
—add one model or model driver

make lib-kim args="-p /usr/local"” # use an existing KIM API installation at.
—the provided location

make lib-kim args="-p /usr/local -a EAM_Dynamo_Ackland_W__MO_141627196590_002"
~# ditto but add one model or driver

When using the “-b “ option, the KIM library is built using its native cmake build system. The 1ib/kim/
Install.py script supports a CMAKE environment variable if the cmake executable is named other than
cmake on your system. Additional environment variables may be provided on the command line for use
by cmake. For example, to use the cmake3 executable and tell it to use the gnu version 11 compilers to
build KIM, one could use the following command line.

CMAKE=cmake3 CXX=g++-11 CC=gcc-11 FC=gfortran-11 make lib-kim args="-b " #_.
< (re-)install KIM API 1ib using cmake3 and gnu v1l compilers with only.,
—example models

Settings for debugging OpenKIM web queries discussed below need to be applied by adding them to the
LMP_INC variable through editing the Makefile.machine you are using. For example:

LMP_INC = -DLMP_NO_SSL_CHECK

Debugging OpenKIM web queries in LAMMPS

If LMP_DEBUG_CURL is set, the libcurl verbose mode will be turned on, and any libcurl calls within the KIM web query
display a lot of information about libcurl operations. You hardly ever want this set in production use, you will almost
always want this when you debug or report problems.

The libcurl library performs peer SSL certificate verification by default. This verification is done using a CA cer-
tificate store that the SSL library can use to make sure the peer’s server certificate is valid. If SSL reports an error
(“certificate verify failed”) during the handshake and thus refuses further communicate with that server, you can set
LMP_NO_SSL_CHECK to override that behavior. When LAMMPS is compiled with LMP_NO_SSL_CHECK set, libcurl does
not verify the peer and connection attempts will succeed regardless of the names in the certificate. This option is inse-
cure. As an alternative, you can specify your own CA cert path by setting the environment variable CURL_CA_BUNDLE
to the path of your choice. A call to the KIM web query would get this value from the environment variable.

KIM Extra unit tests (CMake only)
During development, testing, or debugging, if unit testing is enabled in LAMMPS, one can also enable extra tests on
KIM commands by setting the KIM_EXTRA_UNITTESTS to yes (or on).
Enabling the extra unit tests have some requirements,
* It requires to have internet access.
* It requires to have libcurl installed with the matching development headers and the curl-config tool.

* It requires to build LAMMPS with the PYTHON package installed and linked to Python 3.6 or later. See the
PYTHON package build info for more details on this.
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e Itrequires to have kim-property Python package installed, which can be easily done using pip as pip install
kim-property, or from the conda-forge channel as conda install kim-property if LAMMPS is built in
Conda. More detailed information is available at: kim-property installation.

e It is also necessary to install EAM_Dynamo_MendelevAckland_2007v3_Zr__MO_004835508849_000,
EAM_Dynamo_ErcolessiAdams_1994_Al__MO_123629422045_005, and LennardJones612_UniversalShifted__MO_959:
KIM models. See Obtaining KIM Models to learn how to install a pre-built binary of the OpenKIM Repository
of Models or see Installing KIM Models to learn how to install the specific KIM models.

3.7.4 KOKKOS package

Using the KOKKOS package requires choosing several settings. You have to select whether you want to compile with
parallelization on the host and whether you want to include offloading of calculations to a device (e.g. a GPU). The
default setting is to have no host parallelization and no device offloading. In addition, you can select the hardware
architecture to select the instruction set. Since most hardware is backward compatible, you may choose settings for an
older architecture to have an executable that will run on this and newer architectures.

Note: If you run Kokkos on a different GPU architecture than what LAMMPS was compiled with, there will be a
delay during device initialization while the just-in-time compiler is recompiling all GPU kernels for the new hardware.
This is, however, only supported for GPUs of the same major hardware version and different minor hardware versions,
e.g. 5.0 and 5.2 but not 5.2 and 6.0. LAMMPS will abort with an error message indicating a mismatch, if that happens.

The settings discussed below have been tested with LAMMPS and are confirmed to work. Kokkos is an active project
with ongoing improvements and projects working on including support for additional architectures. More information
on Kokkos can be found on the Kokkos GitHub project.

Available Architecture settings

These are the possible choices for the Kokkos architecture ID. They must be specified in uppercase.

Arch-ID HOST or GPU Description

NATIVE HOST Local machine

AMDAVX HOST AMD 64-bit x86 CPU (AVX 1)

ZEN HOST AMD Zen class CPU (AVX 2)

ZEN2 HOST AMD Zen?2 class CPU (AVX 2)

ZEN3 HOST AMD Zen3 class CPU (AVX 2)

ARMVS80 HOST ARMV8.0 Compatible CPU

ARMVSE1 HOST ARMVS8.1 Compatible CPU
ARMVE8_THUNDERX  HOST ARMYvS8 Cavium ThunderX CPU
ARMVS8_THUNDERX2 HOST ARMvVS Cavium ThunderX2 CPU

A64FX HOST ARMVS.2 with SVE Support

WSM HOST Intel Westmere CPU (SSE 4.2)

SNB HOST Intel Sandy/Ivy Bridge CPU (AVX 1)
HSW HOST Intel Haswell CPU (AVX 2)

BDW HOST Intel Broadwell Xeon E-class CPU (AVX 2 + transactional mem)
SKL HOST Intel Skylake Client CPU

SKX HOST Intel Skylake Xeon Server CPU (AVX512)
ICL HOST Intel Ice Lake Client CPU (AVX512)

ICX HOST Intel Ice Lake Xeon Server CPU (AVX512)

continues on next page
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SPR HOST Intel Sapphire Rapids Xeon Server CPU (AVX512)
KNC HOST Intel Knights Corner Xeon Phi

KNL HOST Intel Knights Landing Xeon Phi

BGQ HOST IBM Blue Gene/Q CPU

POWER7 HOST IBM POWER7 CPU

POWERS HOST IBM POWERS CPU

POWERY9 HOST IBM POWERY CPU

KEPLER30 GPU NVIDIA Kepler generation CC 3.0 GPU
KEPLER32 GPU NVIDIA Kepler generation CC 3.2 GPU
KEPLER35 GPU NVIDIA Kepler generation CC 3.5 GPU
KEPLER37 GPU NVIDIA Kepler generation CC 3.7 GPU
MAXWELLS50 GPU NVIDIA Maxwell generation CC 5.0 GPU
MAXWELLS52 GPU NVIDIA Maxwell generation CC 5.2 GPU
MAXWELLS53 GPU NVIDIA Maxwell generation CC 5.3 GPU
PASCALG60 GPU NVIDIA Pascal generation CC 6.0 GPU
PASCALG61 GPU NVIDIA Pascal generation CC 6.1 GPU
VOLTA70 GPU NVIDIA Volta generation CC 7.0 GPU
VOLTA72 G