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LIGGGHTS stands for LAMMPS Improved for General Granular and Granular Heat Transfer Simulations. It
is part of the CFDEMproject, www.cfdem.com

The core developer of LIGGGHTS is Christoph Kloss (DCS Computing GmbH, Linz and JKU Linz), major
contributions from Philippe Seil, Andreas Aigner and Stefan Amberger (all JKU Linz) and Christoph Goniva
(DCS Computing GmbH, Linz and JKU Linz)

CEDEMproject has more information about the code and its uses. For questions about the code, please use the
forums at CEDEMproject.

LIGGGHTS is based on LAMMPS (see below), and so is its manual.
LIGGGHTS Version info:

All LIGGGHTS versions are based on a specific version of LAMMPS, as printed in the file src/version.h
LIGGGHTS version are identidied by a version number (e.g. '2.0"), a branch name (e.g.
'LIGGGHTS-PUBLIC' for the public release of LIGGGHTS), compilation info (date / time stamp and user
name), and a LAMMPS version number (which is the LAMMPS version that the LIGGGHTS release is based
on). For info on the LAMMPS version, see below.

LAMMPS Version info:

The LAMMPS "version" is the date when it was released, such as 1 May 2010. LAMMPS is updated
continuously. Whenever we fix a bug or add a feature, we release it immediately, and post a notice on this
page of the WWW site. Each dated copy of LAMMPS contains all the features and bug-fixes up to and
including that version date. The version date is printed to the screen and logfile every time you run LAMMPS.
It is also in the file src/version.h and in the LAMMPS directory name created when you unpack a tarball.

e If you browse the HTML doc pages on the LAMMPS WWW site, they always describe the most
current version of LAMMPS.
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¢ If you browse the HTML doc pages included in your tarball, they describe the version you have.

¢ The PDF file on the WWW site or in the tarball is updated about once per month. This is because it is
large, and we don't want it to be part of very patch.

e There is also a Developer.pdf file in the doc directory, which describes the internal structure and
algorithms of LAMMPS.

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

LAMMPS is a classical molecular dynamics simulation code designed to run efficiently on parallel
computers. It was developed at Sandia National Laboratories, a US Department of Energy facility, with
funding from the DOE. It is an open-source code, distributed freely under the terms of the GNU Public
License (GPL).

The primary developers of LAMMPS are Steve Plimpton, Aidan Thompson, and Paul Crozier who can be
contacted at sjplimp,athomps,pscrozi at sandia.gov. The LAMMPS WWW Site at http://lammps.sandia.gov
has more information about the code and its uses.

The LAMMPS documentation is organized into the following sections. If you find errors or omissions in this
manual or have suggestions for useful information to add, please send an email to the developers so we can
improve the LAMMPS documentation.

Once you are familiar with LAMMPS, you may want to bookmark this page at
Section_commands.html#comm since it gives quick access to documentation for all LAMMPS commands.
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e If you browse the HTML doc pages on the LAMMPS WWW site, they always describe the most
current version of LAMMPS.

e If you browse the HTML doc pages included in your tarball, they describe the version you have.

¢ The PDF file on the WWW site or in the tarball is updated about once per month. This is because it is
large, and we don't want it to be part of very patch.

® There is also a Developer.pdf file in the doc directory, which describes the internal structure and
algorithms of LAMMPS.

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

LAMMPS is a classical molecular dynamics simulation code designed to run efficiently on parallel
computers. It was developed at Sandia National Laboratories, a US Department of Energy facility, with
funding from the DOE. It is an open-source code, distributed freely under the terms of the GNU Public
License (GPL).

The primary developers of LAMMPS are Steve Plimpton, Aidan Thompson, and Paul Crozier who can be
contacted at sjplimp,athomps,pscrozi at sandia.gov. The LAMMPS WWW Site at http://lammps.sandia.gov
has more information about the code and its uses.

The LAMMPS documentation is organized into the following sections. If you find errors or omissions in this
manual or have suggestions for useful information to add, please send an email to the developers so we can
improve the LAMMPS documentation.

Once you are familiar with LAMMPS, you may want to bookmark this page at
Section_commands.html#comm since it gives quick access to documentation for all LAMMPS commands.
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5. Accelerating LAMMPS performance

This section describes various methods for improving LAMMPS performance for different classes of
problems running on different kinds of machines.

5.1 OPT package

5.2 USER-OMP package

5.3 GPU package

5.4 USER-CUDA package

5.5 Comparison of GPU and USER-CUDA packages

Accelerated versions of various pair_style, fixes, computes, and other commands have been added to
LAMMPS, which will typically run faster than the standard non-accelerated versions, if you have the
appropriate hardware on your system.

The accelerated styles have the same name as the standard styles, except that a suffix is appended. Otherwise,
the syntax for the command is identical, their functionality is the same, and the numerical results it produces
should also be identical, except for precision and round-off issues.

For example, all of these variants of the basic Lennard-Jones pair style exist in LAMMPS:

® pair style lj/cut

® pair style lj/cut/opt
® pair style lj/cut/om
® pair style lj/cut/gpu

® pair_style lj/cut/cuda

Assuming you have built LAMMPS with the appropriate package, these styles can be invoked by specifying
them explicitly in your input script. Or you can use the -suffix command-line switch to invoke the accelerated
versions automatically, without changing your input script. The suffix command allows you to set a suffix
explicitly and to turn off/on the comand-line switch setting, both from within your input script.

Styles with an "opt" suffix are part of the OPT package and typically speed-up the pairwise calculations of
your simulation by 5-25%.

Styles with an "omp" suffix are part of the USER-OMP package and allow a pair-style to be run in
multi-threaded mode using OpenMP. This can be useful on nodes with high-core counts when using less MPI
processes than cores is advantageous, e.g. when running with PPPM so that FFTs are run on fewer MPI
processors or when the many MPI tasks would overload the available bandwidth for communication.

Styles with a "gpu" or "cuda" suffix are part of the GPU or USER-CUDA packages, and can be run on
NVIDIA GPUs associated with your CPUs. The speed-up due to GPU usage depends on a variety of factors,

as discussed below.

To see what styles are currently available in each of the accelerated packages, see Section commands 5 of the
manual. A list of accelerated styles is included in the pair, fix, compute, and kspace sections.

The following sections explain:
e what hardware and software the accelerated styles require

¢ how to build LAMMPS with the accelerated packages in place
e what changes (if any) are needed in your input scripts

5. Accelerating LAMMPS performance 5
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e guidelines for best performance
e speed-ups you can expect

The final section compares and contrasts the GPU and USER-CUDA packages, since they are both designed
to use NVIDIA GPU hardware.

5.1 OPT package

The OPT package was developed by James Fischer (High Performance Technologies), David Richie, and
Vincent Natoli (Stone Ridge Technologies). It contains a handful of pair styles whose compute() methods
were rewritten in C++ templated form to reduce the overhead due to if tests and other conditional code.

The procedure for building LAMMPS with the OPT package is simple. It is the same as for any other package
which has no additional library dependencies:

make yes—-opt
make machine

If your input script uses one of the OPT pair styles, you can run it as follows:

Imp_machine -sf opt <in.script
mpirun -np 4 lmp_machine -sf opt <in.script

You should see a reduction in the "Pair time" printed out at the end of the run. On most machines and
problems, this will typically be a 5 to 20% savings.

5.2 USER-OMP package

The USER-OMP package was developed by Axel Kohlmeyer at Temple University. It provides
multi-threaded versions of most pair styles, all dihedral styles and a few fixes in LAMMPS. The package
currently uses the OpenMP interface which requires using a specific compiler flag in the makefile to enable
multiple threads; without this flag the corresponding pair styles will still be compiled and work, but do not
support multi-threading.

Building LAMMPS with the USER-OMP package:

The procedure for building LAMMPS with the USER-OMP package is simple. You have to edit your
machine specific makefile to add the flag to enable OpenMP support to the CCFLAGS and LINKFLAGS
variables. For the GNU compilers for example this flag is called -fopenmp. Check your compiler
documentation to find out which flag you need to add. The rest of the compilation is the same as for any other
package which has no additional library dependencies:

make yes—-user—-omp
make machine

Please note that this will only install accelerated versions of styles that are already installed, so you want to
install this package as the last package, or else you may be missing some accelerated styles. If you plan to
uninstall some package, you should first uninstall the USER-OMP package then the other package and then
re-install USER-OMP, to make sure that there are no orphaned omp style files present, which would lead to
compilation errors.

If your input script uses one of regular styles that are also exist as an OpenMP version in the USER-OMP
package you can run it as follows:

5.1 OPT package 6
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env OMP_NUM_THREADS=4 1lmp_serial -sf omp -in in.script
env OMP_NUM_THREADS=2 mpirun -np 2 lmp_machine -sf omp -in in.script
mpirun -x OMP_NUM_THREADS=2 -np 2 lmp_machine -sf omp -in in.script

The value of the environment variable OMP_NUM_THREADS determines how many threads per MPI task
are launched. All three examples above use a total of 4 CPU cores. For different MPI implementations the
method to pass the OMP_NUM_THREADS environment variable to all processes is different. Two different
variants, one for MPICH and OpenMPI, respectively are shown above. Please check the documentation of
your MPI installation for additional details. Alternatively, the value provided by OMP_NUM_THREADS can
be overridded with the package omp command. Depending on which styles are accelerated in your input, you
should see a reduction in the "Pair time" and/or "Bond time" and "Loop time" printed out at the end of the run.
The optimal ratio of MPI to OpenMP can vary a lot and should always be confirmed through some benchmark
runs for the current system and on the current machine.

Restrictions:
None of the pair styles in the USER-OMP package support the "inner", "middle", "outer" options for
r-RESPA integration, only the "pair" option is supported.

Parallel efficiency and performance tips:

In most simple cases the MPI parallelization in LAMMPS is more efficient than multi-threading implemented
in the USER-OMP package. Also the parallel efficiency varies between individual styles. On the other hand,
in many cases you still want to use the omp version - even when compiling or running without OpenMP
support - since they all contain optimizations similar to those in the OPT package, which can result in serial
speedup.

Using multi-threading is most effective under the following circumstances:

¢ Individual compute nodes have a significant number of CPU cores but the CPU itself has limited
memory bandwidth, e.g. Intel Xeon 53xx (Clovertown) and 54xx (Harpertown) quad core processors.
Running one MPI task per CPU core will result in significant performance degradation, so that
running with 4 or even only 2 MPI tasks per nodes is faster. Running in hybrid MPI+OpenMP mode
will reduce the inter-node communication bandwidth contention in the same way, but offers and
additional speedup from utilizing the otherwise idle CPU cores.
¢ The interconnect used for MPI communication is not able to provide sufficient bandwidth for a large
number of MPI tasks per node. This applies for example to running over gigabit ethernet or on Cray
XT4 or XTS5 series supercomputers. Same as in the aforementioned case this effect worsens with
using an increasing number of nodes.
The input is a system that has an inhomogeneous particle density which cannot be mapped well to the
domain decomposition scheme that LAMMPS employs. While this can be to some degree alleviated
through using the processors keyword, multi-threading provides a parallelism that parallelizes over
the number of particles not their distribution in space.
Finally, multi-threaded styles can improve performance when running LAMMPS in "capability
mode", i.e. near the point where the MPI parallelism scales out. This can happen in particular when
using as kspace style for long-range electrostatics. Here the scaling of the kspace style is the
performance limiting factor and using multi-threaded styles allows to operate the kspace style at the
limit of scaling and then increase performance parallelizing the real space calculations with hybrid
MPI+OpenMP. Sometimes additional speedup can be achived by increasing the real-space coulomb
cutoff and thus reducing the work in the kspace part.

The best parallel efficiency from omp styles is typically achieved when there is at least one MPI task per
physical processor, i.e. socket or die.

5.2 USER-OMP package 7
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Using threads on hyper-threading enabled cores is usually counterproductive, as the cost in additional memory
bandwidth requirements is not offset by the gain in CPU utilization through hyper-threading.

A description of the multi-threading strategy and some performance examples are presented here

5.3 GPU package

The GPU package was developed by Mike Brown at ORNL. It provides GPU versions of several pair styles
and for long-range Coulombics via the PPPM command. It has the following features:

¢ The package is designed to exploit common GPU hardware configurations where one or more GPUs
are coupled with many cores of a multi-core CPUs, e.g. within a node of a parallel machine.

¢ Atom-based data (e.g. coordinates, forces) moves back-and-forth between the CPU(s) and GPU every
timestep.

¢ Neighbor lists can be constructed on the CPU or on the GPU

¢ The charge assignement and force interpolation portions of PPPM can be run on the GPU. The FFT
portion, which requires MPI communication between processors, runs on the CPU.

¢ Asynchronous force computations can be performed simultaneously on the CPU(s) and GPU.

e L AMMPS-specific code is in the GPU package. It makes calls to a generic GPU library in the lib/gpu
directory. This library provides NVIDIA support as well as more general OpenCL support, so that the
same functionality can eventually be supported on a variety of GPU hardware.

Hardware and software requirements:

To use this package, you currently need to have specific NVIDIA hardware and install specific NVIDIA
CUDA software on your system:

® Check if you have an NVIDIA card: cat /proc/driver/nvidia/cards/0

¢ Go to http://www.nvidia.com/object/cuda_get.html

¢ Install a driver and toolkit appropriate for your system (SDK is not necessary)

¢ Follow the instructions in lammps/lib/gpu/README to build the library (see below)
¢ Run lammps/lib/gpu/nvc_get_devices to list supported devices and properties

Building LAMMPS with the GPU package:

As with other packages that include a separately compiled library, you need to first build the GPU library,
before building LAMMPS itself. General instructions for doing this are in this section of the manual. For this
package, do the following, using a Makefile in lib/gpu appropriate for your system:

cd lammps/lib/gpu
make —-f Makefile.linux
(see further instructions in lammps/lib/gpu/README)

If you are successful, you will produce the file lib/libgpu.a.

Now you are ready to build LAMMPS with the GPU package installed:

cd lammps/src
make yes—gpu
make machine

Note that the lo-level Makefile (e.g. src/MAKE/Makefile.linux) has these settings: gpu_SYSINC,
gpu_SYSLIB, gpu_SYSPATH. These need to be set appropriately to include the paths and settings for the
CUDA system software on your machine. See src/MAKE/Makefile.g++ for an example.

5.3 GPU package 8
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GPU configuration

When using GPUs, you are restricted to one physical GPU per LAMMPS process, which is an MPI process
running on a single core or processor. Multiple MPI processes (CPU cores) can share a single GPU, and in
many cases it will be more efficient to run this way.

Input script requirements:
Additional input script requirements to run pair or PPPM styles with a gpu suffix are as follows:

® To invoke specific styles from the GPU package, you can either append "gpu" to the style name (e.g.
pair_style lj/cut/gpu), or use the -suffix command-line switch, or use the suffix command.

¢ The newton pair setting must be off.

® The package gpu command must be used near the beginning of your script to control the GPU
selection and initialization settings. It also has an option to enable asynchronous splitting of force
computations between the CPUs and GPUs.

As an example, if you have two GPUs per node and 8 CPU cores per node, and would like to run on 4 nodes
(32 cores) with dynamic balancing of force calculation across CPU and GPU cores, you could specify

package gpu force/neigh 0 1 -1

In this case, all CPU cores and GPU devices on the nodes would be utilized. Each GPU device would be
shared by 4 CPU cores. The CPU cores would perform force calculations for some fraction of the particles at
the same time the GPUs performed force calculation for the other particles.

Timing output:

As described by the package gpu command, GPU accelerated pair styles can perform computations
asynchronously with CPU computations. The "Pair" time reported by LAMMPS will be the maximum of the
time required to complete the CPU pair style computations and the time required to complete the GPU pair
style computations. Any time spent for GPU-enabled pair styles for computations that run simultaneously
with bond, angle, dihedral, improper, and long-range calculations will not be included in the "Pair" time.

When the mode setting for the package gpu command is force/neigh, the time for neighbor list calculations on
the GPU will be added into the "Pair" time, not the "Neigh" time. An additional breakdown of the times
required for various tasks on the GPU (data copy, neighbor calculations, force computations, etc) are output
only with the LAMMPS screen output (not in the log file) at the end of each run. These timings represent total
time spent on the GPU for each routine, regardless of asynchronous CPU calculations.

Performance tips:

Generally speaking, for best performance, you should use multiple CPUs per GPU, as provided my most
multi-core CPU/GPU configurations.

Because of the large number of cores within each GPU device, it may be more efficient to run on fewer
processes per GPU when the number of particles per MPI process is small (100's of particles); this can be
necessary to keep the GPU cores busy.

See the lammps/lib/gpu/README file for instructions on how to build the GPU library for single, mixed, or
double precision. The latter requires that your GPU card support double precision.

5.3 GPU package 9
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5.4 USER-CUDA package

The USER-CUDA package was developed by Christian Trott at U Technology Ilmenau in Germany. It
provides NVIDIA GPU versions of many pair styles, many fixes, a few computes, and for long-range
Coulombics via the PPPM command. It has the following features:

® The package is designed to allow an entire LAMMPS calculation, for many timesteps, to run entirely
on the GPU (except for inter-processor MPI communication), so that atom-based data (e.g.
coordinates, forces) do not have to move back-and-forth between the CPU and GPU.

¢ The speed-up advantage of this approach is typically better when the number of atoms per GPU is
large

e Data will stay on the GPU until a timestep where a non-GPU-ized fix or compute is invoked.
Whenever a non-GPU operation occurs (fix, compute, output), data automatically moves back to the
CPU as needed. This may incur a performance penalty, but should otherwise work transparently.

e Neighbor lists for GPU-ized pair styles are constructed on the GPU.

® The package only supports use of a single CPU (core) with each GPU.

Hardware and software requirements:

To use this package, you need to have specific NVIDIA hardware and install specific NVIDIA CUDA
software on your system.

Your NVIDIA GPU needs to support Compute Capability 1.3. This list may help you to find out the Compute
Capability of your card:

http://en.wikipedia.org/wiki/Comparison_of_Nvidia_graphics_processing_units

Install the Nvidia Cuda Toolkit in version 3.2 or higher and the corresponding GPU drivers. The Nvidia Cuda
SDK is not required for LAMMPSCUDA but we recommend it be installed. You can then make sure that its
sample projects can be compiled without problems.

Building LAMMPS with the USER-CUDA package:

As with other packages that include a separately compiled library, you need to first build the USER-CUDA
library, before building LAMMPS itself. General instructions for doing this are in this section of the manual.
For this package, do the following, using settings in the lib/cuda Makefiles appropriate for your system:

¢ Go to the lammps/lib/cuda directory

e If your CUDA toolkit is not installed in the default system directoy /usr/local/cuda edit the file
lib/cuda/Makefile.common accordingly.

® Type "make OPTIONS", where OPTIONS are one or more of the following options. The settings will
be written to the lib/cuda/Makefile.defaults and used in the next step.

precision=N to set the precision level
1 for single precision (default)

N = 2 for double precision
N = 3 for positions in double precision
N = 4 for positions and velocities in double precision

arch=M to set GPU compute capability

M = 20 for CC2.0 (GF100/110, e.g. C2050,GTX580,GTX470) (default)
M = 21 for CC2.1 (GF104/114, e.g. GTX560, GTX460, GTX450)
M = 13 for CCl.3 (GF200, e.g. C1060, GTX285)

prec_timer=0/1 to use hi-precision timers

0 do not use them (default)

1 use these timers

this is usually only useful for Mac machines
dbg=0/1 to activate debug mode

5.4 USER-CUDA package 10
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0 = no debug mode (default)
1 = yes debug mode
this is only useful for developers
cufft=1 to determine usage of CUDA FFT library
0 = no CUFFT support (default)
in the future other CUDA-enabled FFT libraries might be supported

® Type "make" to build the library. If you are successful, you will produce the file lib/libcuda.a.

Now you are ready to build LAMMPS with the USER-CUDA package installed:

cd lammps/src
make yes-user-cuda
make machine

Note that the LAMMPS build references the lib/cuda/Makefile.common file to extract setting specific CUDA
settings. So it is important that you have first built the cuda library (in lib/cuda) using settings appropriate to
your system.

Input script requirements:
Additional input script requirements to run styles with a cuda suffix are as follows:

¢ To invoke specific styles from the USER-CUDA package, you can either append "cuda" to the style
name (e.g. pair_style lj/cut/cuda), or use the -suffix command-line switch, or use the suffix command.
One exception is that the kspace style pppm/cuda command has to be requested explicitly.

® To use the USER-CUDA package with its default settings, no additional command is needed in your
input script. This is because when LAMMPS starts up, it detects if it has been built with the
USER-CUDA package. See the -cuda command-line switch for more details.

® To change settings for the USER-CUDA package at run-time, the package cuda command can be
used near the beginning of your input script. See the package command doc page for details.

Performance tips:

The USER-CUDA package offers more speed-up relative to CPU performance when the number of atoms per
GPU is large, e.g. on the order of tens or hundreds of 1000s.

As noted above, this package will continue to run a simulation entirely on the GPU(s) (except for
inter-processor MPI communication), for multiple timesteps, until a CPU calculation is required, either by a
fix or compute that is non-GPU-ized, or until output is performed (thermo or dump snapshot or restart file).
The less often this occurs, the faster your simulation will run.

5.5 Comparison of GPU and USER-CUDA packages

Both the GPU and USER-CUDA packages accelerate a LAMMPS calculation using NVIDIA hardware, but
they do it in different ways.

As a consequence, for a particular simulation on specific hardware, one package may be faster than the other.
We give guidelines below, but the best way to determine which package is faster for your input script is to try
both of them on your machine. See the benchmarking section below for examples where this has been done.
Guidelines for using each package optimally:

¢ The GPU package allows you to assign multiple CPUs (cores) to a single GPU (a common

configuration for "hybrid" nodes that contain multicore CPU(s) and GPU(s)) and works effectively in
this mode. The USER-CUDA package does not allow this; you can only use one CPU per GPU.

5.5 Comparison of GPU and USER-CUDA packages 11
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® The GPU package moves per-atom data (coordinates, forces) back-and-forth between the CPU and
GPU every timestep. The USER-CUDA package only does this on timesteps when a CPU calculation
is required (e.g. to invoke a fix or compute that is non-GPU-ized). Hence, if you can formulate your
input script to only use GPU-ized fixes and computes, and avoid doing I/O too often (thermo output,
dump file snapshots, restart files), then the data transfer cost of the USER-CUDA package can be very
low, causing it to run faster than the GPU package.

® The GPU package is often faster than the USER-CUDA package, if the number of atoms per GPU is
"small". The crossover point, in terms of atoms/GPU at which the USER-CUDA package becomes
faster depends strongly on the pair style. For example, for a simple Lennard Jones system the
crossover (in single precision) is often about 50K-100K atoms per GPU. When performing double
precision calculations the crossover point can be significantly smaller.

¢ Both packages compute bonded interactions (bonds, angles, etc) on the CPU. This means a model
with bonds will force the USER-CUDA package to transfer per-atom data back-and-forth between the
CPU and GPU every timestep. If the GPU package is running with several MPI processes assigned to
one GPU, the cost of computing the bonded interactions is spread across more CPUs and hence the
GPU package can run faster.

® When using the GPU package with multiple CPUs assigned to one GPU, its performance depends to
some extent on high bandwidth between the CPUs and the GPU. Hence its performance is affected if
full 16 PCle lanes are not available for each GPU. In HPC environments this can be the case if
S2050/70 servers are used, where two devices generally share one PCle 2.0 16x slot. Also many
multi-GPU mainboards do not provide full 16 lanes to each of the PCIe 2.0 16x slots.

Differences between the two packages:

e The GPU package accelerates only pair force, neighbor list, and PPPM calculations. The
USER-CUDA package currently supports a wider range of pair styles and can also accelerate many
fix styles and some compute styles, as well as neighbor list and PPPM calculations.

e The USER-CUDA package does not support acceleration for minimization.

® The USER-CUDA package does not support hybrid pair styles.

® The USER-CUDA package can order atoms in the neighbor list differently from run to run resulting
in a different order for force accumulation.

® The USER-CUDA package has a limit on the number of atom types that can be used in a simulation.

® The GPU package requires neighbor lists to be built on the CPU when using exclusion lists or a
triclinic simulation box.

® The GPU package uses more GPU memory than the USER-CUDA package. This is generally not a
problem since typical runs are computation-limited rather than memory-limited.

Examples:

The LAMMPS distribution has two directories with sample input scripts for the GPU and USER-CUDA
packages.

¢ l]ammps/examples/gpu = GPU package files
¢ lammps/examples/USER/cuda = USER-CUDA package files

These contain input scripts for identical systems, so they can be used to benchmark the performance of both
packages on your system.

Benchmark data:

NOTE: We plan to add some benchmark results and plots here for the examples described in the previous
section.

Simulations:
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1. Lennard Jones

® 256,000 atoms
e 2.5 A cutoff
¢ (0.844 density

2. Lennard Jones

® 256,000 atoms
® 5.0 A cutoff
¢ (0.844 density

3. Rhodopsin model

® 256,000 atoms
¢ 10A cutoff
e Coulomb via PPPM

4. Lihtium-Phosphate

® 295650 atoms
e |5A cutoff
e Coulomb via PPPM

Hardware:
Workstation:

e 2x GTX470
®i7950@3GHz

¢ 24Gb DDR3 @ 1066Mhz
® CentOS 5.5

e CUDA 3.2

® Driver 260.19.12

eStella:

® 6 Nodes

¢ 2xC2050

¢ 2xQDR Infiniband interconnect(aggregate bandwidth 80GBps)
¢ Intel X5650 HexCore @ 2.67GHz

eSL 5.5

e CUDA 3.2

® Driver 260.19.26

Keeneland:

e HP SL.-390 (Ariston) cluster

¢ 120 nodes

¢ 2x Intel Westmere hex-core CPUs
® 3xC2070s

¢ QDR InfiniBand interconnect

5.5 Comparison of GPU and USER-CUDA packages
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3. Commands

This section describes how a LAMMPS input script is formatted and the input script commands used to define
a LAMMPS simulation.

3.1 LAMMPS input script

3.2 Parsing rules

3.3 Input script structure

3.4 Commands listed by category
3.5 Commands listed alphabetically

3.1 LAMMPS input script

LAMMPS executes by reading commands from a input script (text file), one line at a time. When the input
script ends, LAMMPS exits. Each command causes LAMMPS to take some action. It may set an internal
variable, read in a file, or run a simulation. Most commands have default settings, which means you only need
to use the command if you wish to change the default.

In many cases, the ordering of commands in an input script is not important. However the following rules
apply:

(1) LAMMPS does not read your entire input script and then perform a simulation with all the settings.
Rather, the input script is read one line at a time and each command takes effect when it is read. Thus this
sequence of commands:

timestep 0.5
run 100
run 100

does something different than this sequence:

run 100
timestep 0.5
run 100

In the first case, the specified timestep (0.5 fmsec) is used for two simulations of 100 timesteps each. In the
2nd case, the default timestep (1.0 fmsec) is used for the 1st 100 step simulation and a 0.5 fmsec timestep is
used for the 2nd one.

(2) Some commands are only valid when they follow other commands. For example you cannot set the
temperature of a group of atoms until atoms have been defined and a group command is used to define which
atoms belong to the group.

(3) Sometimes command B will use values that can be set by command A. This means command A must
precede command B in the input script if it is to have the desired effect. For example, the read data command
initializes the system by setting up the simulation box and assigning atoms to processors. If default values are
not desired, the processors and boundary commands need to be used before read_data to tell LAMMPS how
to map processors to the simulation box.

Many input script errors are detected by LAMMPS and an ERROR or WARNING message is printed. This
section gives more information on what errors mean. The documentation for each command lists restrictions
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on how the command can be used.

3.2 Parsing rules

Each non-blank line in the input script is treated as a command. LAMMPS commands are case sensitive.
Command names are lower-case, as are specified command arguments. Upper case letters may be used in file
names or user-chosen ID strings.

Here is how each line in the input script is parsed by LAMMPS:

(1) If the last printable character on the line is a "&" character (with no surrounding quotes), the command is
assumed to continue on the next line. The next line is concatenated to the previous line by removing the "&"
character and newline. This allows long commands to be continued across two or more lines.

(2) All characters from the first "#" character onward are treated as comment and discarded. See an exception
in (6). Note that a comment after a trailing "&" character will prevent the command from continuing on the
next line. Also note that for multi-line commands a single leading "#" will comment out the entire command.

(3) The line is searched repeatedly for $ characters, which indicate variables that are replaced with a text
string. See an exception in (6). If the $ is followed by curly brackets, then the variable name is the text inside
the curly brackets. If no curly brackets follow the $, then the variable name is the single character immediately
following the $. Thus ${myTemp} and $x refer to variable names "myTemp" and "x". See the variable
command for details of how strings are assigned to variables and how they are substituted for in input script
commands.

(4) The line is broken into "words" separated by whitespace (tabs, spaces). Note that words can thus contain
letters, digits, underscores, or punctuation characters.

(5) The first word is the command name. All successive words in the line are arguments.

(6) If you want text with spaces to be treated as a single argument, it can be enclosed in either double or single
quotes. E.g.

print "Volume = $v"
print 'Volume Sv!

The quotes are removed when the single argument is stored internally. See the dump modify format or if
commands for examples. A "#" or "$" character that is between quotes will not be treated as a comment
indicator in (2) or substituted for as a variable in (3).

IMPORTANT NOTE: If the argument is itself a command that requires a quoted argument (e.g. using a print

command as part of an if or run every command), then the double and single quotes can be nested in the usual
manner. See the doc pages for those commands for examples. Only one of level of nesting is allowed, but that
should be sufficient for most use cases.

3.3 Input script structure

This section describes the structure of a typical LAMMPS input script. The "examples" directory in the
LAMMPS distribution contains many sample input scripts; the corresponding problems are discussed in
Section example, and animated on the LAMMPS WWW Site.

A LAMMPS input script typically has 4 parts:

1. Initialization

3.1 LAMMPS input script 15
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2. Atom definition

3. Settings

4. Run a simulation
The last 2 parts can be repeated as many times as desired. L.e. run a simulation, change some settings, run
some more, etc. Each of the 4 parts is now described in more detail. Remember that almost all the commands
need only be used if a non-default value is desired.
(1) Initialization

Set parameters that need to be defined before atoms are created or read-in from a file.

The relevant commands are units, dimension, newton, processors, boundary, atom_style, atom modify.

If force-field parameters appear in the files that will be read, these commands tell LAMMPS what kinds of
force fields are being used: pair_style, bond style, angle style, dihedral style, improper_style.

(2) Atom definition

There are 3 ways to define atoms in LAMMPS. Read them in from a data or restart file via the read data or
read restart commands. These files can contain molecular topology information. Or create atoms on a lattice
(with no molecular topology), using these commands: lattice, region, create box, create atoms. The entire set
of atoms can be duplicated to make a larger simulation using the replicate command.

(3) Settings

Once atoms and molecular topology are defined, a variety of settings can be specified: force field coefficients,
simulation parameters, output options, etc.

Force field coefficients are set by these commands (they can also be set in the read-in files): pair_coeff,
bond coeff, angle coeff, dihedral coeff, improper coeff, kspace style, dielectric, special bonds.

Various simulation parameters are set by these commands: neighbor, neigh modify, group, timestep,
reset timestep, run_style, min_style, min _modify.

Fixes impose a variety of boundary conditions, time integration, and diagnostic options. The fix command
comes in many flavors.

Various computations can be specified for execution during a simulation using the compute, compute modify,
and yariable commands.

Output options are set by the thermo, dump, and restart commands.
(4) Run a simulation
A molecular dynamics simulation is run using the run command. Energy minimization (molecular statics) is

performed using the minimize command. A parallel tempering (replica-exchange) simulation can be run using
the temper command.

3.4 Commands listed by category

This section lists all LAMMPS commands, grouped by category. The next section lists the same commands
alphabetically. Note that some style options for some commands are part of specific LAMMPS packages,
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which means they cannot be used unless the package was included when LAMMPS was built. Not all
packages are included in a default LAMMPS build. These dependencies are listed as Restrictions in the
command's documentation.

Initialization:

atom modify, atom_style, boundary, dimension, newton, processors, units

Atom definition:
create atoms, create box, lattice, read data, read restart, region, replicate

Force fields:

angle coeff, angle style, bond coeff, bond style, dielectric, dihedral coeff, dihedral style, improper coeff,
improper_style, kspace modify, kspace style, pair_coeff, pair modify, pair_style, pair_write, special bonds

Settings:

communicate, group, mass, min_modify, min_style, neigh modify, neighbor, reset timestep, run_style, set,
timestep, velocity

Fixes:

fix, fix_modify, unfix

Computes:

compute, compute modify, uncompute

Output:

dump, dump image, dump modify, restart, thermo, thermo modify, thermo style, undump, write restart
Actions:

delete atoms, delete bonds, displace atoms, change box, minimize, neb prd, run, temper

Miscellaneous:

clear, echo, if, include, jump, label, log, next, print, shell, variable

3.5 Individual commands

This section lists all LAMMPS and LIGGGHTS commands alphabetically, with a separate listing below of
styles within certain commands. Note that some style options for some commands are part of specific
LAMMPS packages, which means they cannot be used unless the package was included when LAMMPS was
built. Not all packages are included in a default LAMMPS build. These dependencies are listed as Restrictions
in the command's documentation.

angle coeff angle style atom_modify | atom style bond coeff bond style

boundary change box clear communicate compute compute modify
create_atoms | create box delete _atoms |delete bonds dielectric dihedral coeff
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dihedral style| dimension |displace atoms dump dump modify echo
fix fix_modify rou if improper_coeff| improper_style
include jump kspace modify | kspace style label lattice
log mass min_modify | min_style minimize neb
neigh modify neighbor newton next orient origin
ackage pair_coeff pair_modify | pair_style pair_write partition
prd print DProcessors quit read data read restart
region replicate reset _timestep restart run run_style
set shell special bonds suffix tad temper
thermo thermo _modify| thermo style timestep uncompute undump
unfix units variable velocity write restart

angle_style potentials

See the angle style command for an overview of angle potentials. Click on the style itself for a full
description:

charmm class2 cosine cosine/delta
cosine/periodic |cosine/shift |cosine/shift/exp [cosine/squared
dipole harmonic hybrid none
sdk table

These are accelerated angle styles, which can be used if LAMMPS is built with the appropriate accelerated
package.

charmm/omp class?2/omp cosine/delta/omp cosine/omp
cosine/periodic/omp |cosine/shift/exp/omp | cosine/shift/omp |cosine/squared/omp
dipole/omp harmonic/omp table/omp

bond_style potentials

See the bond style command for an overview of bond potentials. Click on the style itself for a full
description:

class? fene fene/expand |harmonic

harmonic/shift|harmonic/shift/cut| hybrid morse

none nonlinear uartic table
These are accelerated bond styles, which can be used if LAMMPS is built with the appropriate accelerated
package.

class2/omp fene/expand/omp | fene/omp |harmonic/omp
harmonic/shift/cut/omp |harmonic/shift/omp [morse/omp |nonlinear/omp
quartic/omp table/omp

compute syles

See the compute command for one-line descriptions of each style or click on the style itself for a full
description:

ackland/atom angle/local |atom/molecule bond/local

3.5 Individual commands
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centro/atom cluster/atom cna/atom com
com/molecule | contact/atom | coord/atom damage/atom
dihedral/local | displace/atom |erotate/asphere erotate/sphere
event/displace group/group gyration gyration/molecule
heat/flux improper/local ke ke/atom
ke/atom/eff ke/eff meso_e/atom meso_rho/atom
meso_t/atom msd msd/molecule |nparticles/tracer/region
pair pair/gran/local | pair/local pe
pe/atom pressure property/atom property/local
property/molecule rdf rdf/gran reduce
reduce/region slice stress/atom temp
temp/asphere temp/com temp/deform temp/deform/eff
temp/eff temp/partial | temp/profile temp/ramp
temp/region  |temp/region/eff| temp/rotate temp/sphere
t wall/gran/local

These are accelerated compute styles, which can be used if LAMMPS is built with the appropriate accelerated

package.

|pe/cuda|pressure/cuda temp/cuda |temp/partial/cuda

dihedral_style

potentials

See the dihedral style command for an overview of dihedral potentials. Click on the style itself for a full

description:
charmm | class? |cosine/shift/exp |harmonic
helix |hybrid|multi/harmonic| none

These are accelerated dihedral styles, which can be used if LAMMPS is built with the appropriate accelerated
package.

charmm/omp class2/omp cosine/shift/exp/omp [harmonic/omp
helix/omp |multi/harmonic/omp opls/omp table/omp

dump syles
Click on the style itself for a full description:

image
These are accelerated styles, which can be used if LAMMPS is built with the appropriate accelerated package.

fix syles

See the fix command for one-line descriptions of each style or click on the style itself for a full description:

adapt addforce addtorque append/atoms
atc ave/atom ave/correlate ave/histo
ave/spatial ave/time aveforce bond/break
compute syles 19




LIGGGHTS Users Manual

bond/create bond/swap box/relax check/timestep/gran
deform deposit drag dt/reset
efield enforce2d evaporate external
freeze cme gravity heat
heat/gran heat/gran/conduction imd indent
insert/pack insert/rate/region insert/stream langevin
langevin/eff lineforce massflow/mesh mesh/surface
mesh/surface/planar mesh/surface/stress mesh/surface/stress/servo meso
meso/stationary momentum move move/mesh
msst neb nph nph/asphere
nph/eff nph/sphere nphug npt
npt/asphere npt/eff npt/sphere nve
nve/asphere nve/asphere/noforce nve/eff nve/limit
nve/line nve/noforce nve/sphere nve/tri
nvt nvt/asphere nvt/eff nvt/sllod
nvt/sllod/eff nvt/sphere orient/fcc particledistribution/discrete
particletemplate/sphere planeforce pour/legacy press/berendsen
print property/atom property/atom/tracer  |property/atom/tracer/stream
property/global geg/comb geq/reax reax/bonds
reax/c/bonds recenter restrain rigid
rigid/nve rigid/nvt setforce shake
smd sph/density/continuity sph/density/corr sph/density/summation
sph/pressure spring spring/rg spring/self
srd store/force store/state temp/berendsen
temp/rescale temp/rescale/eff thermal/conductivity tmd
ttm viscosity viscous wall/colloid
wall/gran/hertz/history wall/gran/hertz/history/stiffness wall/gran/hooke wall/gran/hooke/history
wall/gran/hooke/history/stiffness wall/harmonic wall/lj126 wall/1j93
wall/piston wall/reflect wall/region wall/region/sph

wall/srd

These are accelerated fix styles, which can be used if LAMMPS is built with the appropriate accelerated

package.

addforce/cuda aveforce/cuda enforce2d/cuda freeze/cuda
gravity/cuda gravity/omp npt/cuda nve/cuda
nve/sphere/omp nvt/cuda geg/comb/omp setforce/cuda
shake/cuda [temp/berendsen/cuda |temp/rescale/cuda |temp/rescale/limit/cuda
viscous/cuda

improper_style potentials

See the improper_style command for an overview of improper potentials. Click on the style itself for a full

description:

fix syles

class2| cvff harmonic|hybr'd|
none |umbrella
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These are accelerated improper styles, which can be used if LAMMPS is built with the appropriate
accelerated package.

class2/omp | cvif/omp |harmonic/omp umbrella/omp

pair_style potentials

See the pair_style command for an overview of pair potentials. Click on the style itself for a full description:

adp airebo awpmd/cut beck
born born/coul/long born/coul/wolf brownian
brownian/poly buck buck/coul buck/coul/cut
buck/coul/long colloid comb coul/cut
coul/debye coul/diel coul/long coul/wolf
dipole/cut dipole/sf dpd dpd/tstat
dsmc eam eam/alloy eam/cd
eam/fs edip eff/cut eim
gauss gauss/cut gayberne gran/hertz/history
gran/hertz/history/stiffness gran/hooke gran/hooke/history gran/hooke/history/stiffness
hbond/dreiding/l] hbond/dreiding/morse hybrid hybrid/overlay
kim line/lj lj/charmm/coul/charmm |lj/charmm/coul/charmm/implicit
lj/charmm/coul/long lj/class2 lj/class2/coul/cut lj/class2/coul/long
lj/coul lj/cubic lj/cut lj/cut/coul/cut
lj/cut/coul/debye lj/cut/coul/long lj/cut/coul/long/tip4p lj/expand
1j/gromacs lj/gromacs/coul/gromacs 1i/sdk 1j/sdk/coul/long
/st li/smooth lj/smooth/linear 1j96/cut
lubricate lubricate/poly lubricateU lubricateU/poly
meam morse none peri/lps
peri/pmb reax reax/c rebo
resquared soft sph sph/artVisc/tensCorr
sph/heatconduction sph/idealgas sph/lj sph/rhosum
sph/taitwater sph/taitwater/morris SW table
tersoff tersoff/table tersoff/zbl i/lj
yukawa yukawa/colloid
These are accelerated pair styles, which can be used if LAMMPS is built with the appropriate accelerated
package.
adp/omp airebo/omp beck/omp born/coul/long/cuda
born/coul/long/omp born/coul/wolf/omp born/omp brownian/omp
brownian/poly/omp buck/coul/cut/cuda buck/coul/cut/gpu buck/coul/cut/omp
buck/coul/long/cuda buck/coul/long/gpu buck/coul/long/omp buck/coul/omp
buck/cuda buck/gpu buck/omp colloid/omp
comb/omp coul/cut/omp coul/debye/omp coul/long/gpu
coul/long/omp coul/wolf/omp dipole/cut/omp dipole/sf/omp
dpd/omp dpd/tstat/omp eam/alloy/cuda eam/alloy/gpu
eam/alloy/omp eam/alloy/opt eam/cd/omp eam/cuda
eam/fs/cuda eam/fs/gpu eam/fs/omp eam/fs/opt
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eam/gpu eam/om eam/opt eim/om;
gauss/cut/omp gauss/omp gayberne/gpu gayberne/omp
hbond/dreiding/lj/omp hbond/dreiding/morse/omp hybrid/omp
line/lj/omp lj/charmm/coul/charmm/cuda
lj/charmm/coul/charmm/omp

lj/charmm/coul/long/opt

lj/charmm/coul/long/cuda

lj/charmm/coul/charmm/implicit/cuda

hybrid/overlay/omp

lj/charmm/coul/charmm/implici

lj/class?2/coul/long/cuda

lj/charmm/coul/pppm/omp

lj/charmm/coul/long/gpu

lj/class2/coul/cut/cuda

lj/charmm/coul/long/omp

lj/class2/cuda

lj/class2/coul/long/gpu

lj/cubic/omp

lj/class2/gpu

lj/class2/coul/long/omp

lj/class2/omp

lj/class2/coul/cut/omp

lj/class2/coul/pppm/omp

lj/cut/coul/debye/cuda

lj/cut/coul/cut/cuda

lj/cut/coul/cut/gpu

lj/coul/om

lj/cut/coul/long/omp

li/cut/coul/debyve/om:

lj/cut/cuda

lj/cut/coul/long/opt

lj/cut/coul/long/cuda

lj/cut/coul/cut/omp

li/cut/coul/lon

lj/cut/opt

lj/cut/experimental/cuda

lj/cut/coul/long/tip4p/omp

li/cut/gpu

u
lj/cut/coul/long/tip4p/opt

li/gromacs/coul/gromacs/cuda

li/expand/cuda

li/expand/gpu

li/cut/omp

li/sdk/coul/long/gpu

lj/gromacs/coul/gromacs/omp

lji/sf/omp

li/sdk/coul/long/omp

lj/eromacs/cuda

li/expand/om:

lj/gromacs/omp
li/sdk/gpu li/sdk/omp
lj/smooth/cuda li/smooth/linear/omp li/smooth/omp
1j96/cut/cuda 1j96/cut/gpu 1j96/cut/omp lubricate/omp
lubricate/poly/omp morse/cuda morse/gpu morse/omp
morse/opt peri/lps/omp peri/pmb/omp rebo/omp
resquared/gpu resquared/omp soft/omp sw/cuda
sw/omp table/gpu table/omp tersoff/table/omp
tersoff/zbl/omp tri/lj/omp yukawa/colloid/omp yukawa/gpu
yukawa/omp

pair_style potentials
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12. Errors

This section describes the errors you can encounter when using LAMMPS, either conceptually, or as printed
out by the program.

12.1 Common problems
12.2 Reporting bugs
12.3 Error & warning messages

12.1 Common problems

If two LAMMPS runs do not produce the same answer on different machines or different numbers of
processors, this is typically not a bug. In theory you should get identical answers on any number of processors
and on any machine. In practice, numerical round-off can cause slight differences and eventual divergence of
molecular dynamics phase space trajectories within a few 100s or few 1000s of timesteps. However, the
statistical properties of the two runs (e.g. average energy or temperature) should still be the same.

If the velocity command is used to set initial atom velocities, a particular atom can be assigned a different
velocity when the problem is run on a different number of processors or on different machines. If this
happens, the phase space trajectories of the two simulations will rapidly diverge. See the discussion of the
loop option in the yelocity command for details and options that avoid this issue.

Similarly, the create atoms command generates a lattice of atoms. For the same physical system, the ordering
and numbering of atoms by atom ID may be different depending on the number of processors.

Some commands use random number generators which may be setup to produce different random number
streams on each processor and hence will produce different effects when run on different numbers of
processors. A commonly-used example is the fix langevin command for thermostatting.

A LAMMPS simulation typically has two stages, setup and run. Most LAMMPS errors are detected at setup
time; others like a bond stretching too far may not occur until the middle of a run.

LAMMPS tries to flag errors and print informative error messages so you can fix the problem. Of course,
LAMMPS cannot figure out your physics or numerical mistakes, like choosing too big a timestep, specifying
erroneous force field coefficients, or putting 2 atoms on top of each other! If you run into errors that
LAMMPS doesn't catch that you think it should flag, please send an email to the developers.

If you get an error message about an invalid command in your input script, you can determine what command
is causing the problem by looking in the log.lammps file or using the echo command to see it on the screen.
For a given command, LAMMPS expects certain arguments in a specified order. If you mess this up,
LAMMPS will often flag the error, but it may read a bogus argument and assign a value that is valid, but not
what you wanted. E.g. trying to read the string "abc" as an integer value and assigning the associated variable
a value of 0.

Generally, LAMMPS will print a message to the screen and logfile and exit gracefully when it encounters a
fatal error. Sometimes it will print a WARNING to the screen and logfile and continue on; you can decide if
the WARNING is important or not. A WARNING message that is generated in the middle of a run is only
printed to the screen, not to the logfile, to avoid cluttering up thermodynamic output. If LAMMPS crashes or
hangs without spitting out an error message first then it could be a bug (see this section) or one of the
following cases:
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LAMMPS runs in the available memory a processor allows to be allocated. Most reasonable MD runs are
compute limited, not memory limited, so this shouldn't be a bottleneck on most platforms. Almost all large
memory allocations in the code are done via C-style malloc's which will generate an error message if you run
out of memory. Smaller chunks of memory are allocated via C++ "new" statements. If you are unlucky you
could run out of memory just when one of these small requests is made, in which case the code will crash or
hang (in parallel), since LAMMPS doesn't trap on those errors.

Illegal arithmetic can cause LAMMPS to run slow or crash. This is typically due to invalid physics and
numerics that your simulation is computing. If you see wild thermodynamic values or NaN values in your
LAMMPS output, something is wrong with your simulation. If you suspect this is happening, it is a good idea
to print out thermodynamic info frequently (e.g. every timestep) via the thermo so you can monitor what is
happening. Visualizing the atom movement is also a good idea to insure your model is behaving as you
expect.

In parallel, one way LAMMPS can hang is due to how different MPI implementations handle buffering of
messages. If the code hangs without an error message, it may be that you need to specify an MPI setting or
two (usually via an environment variable) to enable buffering or boost the sizes of messages that can be
buffered.

12.2 Reporting bugs
If you are confident that you have found a bug in LAMMPS, follow these steps.

Check the New features and bug fixes section of the LAMMPS WWW site to see if the bug has already been
reported or fixed or the Unfixed bug to see if a fix is pending.

Check the mailing list to see if it has been discussed before.

If not, send an email to the mailing list describing the problem with any ideas you have as to what is causing it
or where in the code the problem might be. The developers will ask for more info if needed, such as an input
script or data files.

The most useful thing you can do to help us fix the bug is to isolate the problem. Run it on the smallest
number of atoms and fewest number of processors and with the simplest input script that reproduces the bug

and try to identify what command or combination of commands is causing the problem.

As a last resort, you can send an email directly to the developers.

12.3 Error & warning messages

These are two alphabetic lists of the ERROR and WARNING messages LAMMPS prints out and the reason
why. If the explanation here is not sufficient, the documentation for the offending command may help. Error
and warning messages also list the source file and line number where the error was generated. For example,
this message

ERROR: Illegal velocity command (velocity.cpp:78)

means that line #78 in the file src/velocity.cpp generated the error. Looking in the source code may help you
figure out what went wrong.

Note that error messages from user-contributed packages are not listed here. If such an error occurs and is not
self-explanatory, you'll need to look in the source code or contact the author of the package.
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Errors:

1-3 bond count is inconsistent
An inconsistency was detected when computing the number of 1-3 neighbors for each atom. This
likely means something is wrong with the bond topologies you have defined.

1-4 bond count is inconsistent
An inconsistency was detected when computing the number of 1-4 neighbors for each atom. This
likely means something is wrong with the bond topologies you have defined.

64-bit atom IDs are not yet supported
See description of this data type in src/lmptype.h.

Accelerator sharing is not currently supported on system
Multiple MPI processes cannot share the accelerator on your system. For NVIDIA GPUs, see the
nvidia-smi command to change this setting.

All angle coeffs are not set
All angle coefficients must be set in the data file or by the angle_coeff command before running a
simulation.

All bond coeffs are not set
All bond coefficients must be set in the data file or by the bond_coeff command before running a
simulation.

All dihedral coeffs are not set
All dihedral coefficients must be set in the data file or by the dihedral_coeff command before running
a simulation.

All improper coeffs are not set
All improper coefficients must be set in the data file or by the improper_coeff command before
running a simulation.

All masses are not set
For atom styles that define masses for each atom type, all masses must be set in the data file or by the
mass command before running a simulation. They must also be set before using the velocity
command.

All pair coeffs are not set
All pair coefficients must be set in the data file or by the pair_coeff command before running a
simulation.

All universe/uloop variables must have same # of values
Self-explanatory.

All variables in next command must be same style
Self-explanatory.

Angle atom missing in delete_bonds
The delete_bonds command cannot find one or more atoms in a particular angle on a particular
processor. The pairwise cutoff is too short or the atoms are too far apart to make a valid angle.

Angle atom missing in set command
The set command cannot find one or more atoms in a particular angle on a particular processor. The
pairwise cutoff is too short or the atoms are too far apart to make a valid angle.

Angle atoms %d %d %d missing on proc %d at step %ld
One or more of 3 atoms needed to compute a particular angle are missing on this processor. Typically
this is because the pairwise cutoff is set too short or the angle has blown apart and an atom is too far
away.

Angle coeff for hybrid has invalid style
Angle style hybrid uses another angle style as one of its coefficients. The angle style used in the
angle_coeff command or read from a restart file is not recognized.

Angle coeffs are not set
No angle coefficients have been assigned in the data file or via the angle_coeff command.

Angle potential must be defined for SHAKE
When shaking angles, an angle_style potential must be used.

Angle style hybrid cannot have hybrid as an argument
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Self-explanatory.
Angle style hybrid cannot have none as an argument
Self-explanatory.
Angle style hybrid cannot use same pair style twice
Self-explanatory.
Angle table must range from 0 to 180 degrees
Self-explanatory.
Angle table parameters did not set N
List of angle table parameters must include N setting.
Angle_coeff command before angle_style is defined
Coefficients cannot be set in the data file or via the angle_coeff command until an angle_style has
been assigned.
Angle_coeff command before simulation box is defined
The angle_coeff command cannot be used before a read_data, read_restart, or create_box command.
Angle_coeff command when no angles allowed
The chosen atom style does not allow for angles to be defined.
Angle_style command when no angles allowed
The chosen atom style does not allow for angles to be defined.
Angles assigned incorrectly
Angles read in from the data file were not assigned correctly to atoms. This means there is something
invalid about the topology definitions.
Angles defined but no angle types
The data file header lists angles but no angle types.
Another input script is already being processed
Cannot attempt to open a 2nd input script, when the original file is still being processed.
Append boundary must be shrink/minimum
The boundary style of the face where atoms are added must be of type m (shrink/minimum).
Arccos of invalid value in variable formula
Argument of arccos() must be between -1 and 1.
Arcsin of invalid value in variable formula
Argument of arcsin() must be between -1 and 1.
Assigning ellipsoid parameters to non-ellipsoid atom
Self-explanatory.
Assigning line parameters to non-line atom
Self-explanatory.
Assigning tri parameters to non-tri atom
Self-explanatory.
Atom IDs must be consecutive for velocity create loop all
Self-explanatory.
Atom count changed in fix neb
This is not allowed in a NEB calculation.
Atom count is inconsistent, cannot write restart file
Sum of atoms across processors does not equal initial total count. This is probably because you have
lost some atoms.
Atom in too many rigid bodies - boost MAXBODY
Fix poems has a parameter MAXBODY (in fix_poems.cpp) which determines the maximum number
of rigid bodies a single atom can belong to (i.e. a multibody joint). The bodies you have defined
exceed this limit.
Atom sort did not operate correctly
This is an internal LAMMPS error. Please report it to the developers.
Atom sorting has bin size = 0.0
The neighbor cutoff is being used as the bin size, but it is zero. Thus you must explicitly list a bin size
in the atom_modify sort command or turn off sorting.
Atom style hybrid cannot have hybrid as an argument

Errors: 26



LIGGGHTS Users Manual

Self-explanatory.
Atom style hybrid cannot use same atom style twice
Self-explanatory.
Atom vector in equal-style variable formula
Atom vectors generate one value per atom which is not allowed in an equal-style variable.
Atom-style variable in equal-style variable formula
Atom-style variables generate one value per atom which is not allowed in an equal-style variable.
Atom_modify map command after simulation box is defined
The atom_modify map command cannot be used after a read_data, read_restart, or create_box
command.
Atom_modify sort and first options cannot be used together
Self-explanatory.
Atom_style command after simulation box is defined
The atom_style command cannot be used after a read_data, read_restart, or create_box command.
Atom_style line can only be used in 2d simulations
Self-explanatory.
Atom_style tri can only be used in 3d simulations
Self-explanatory.
Attempt to pop empty stack in fix box/relax
Internal LAMMPS error. Please report it to the developers.
Attempt to push beyond stack limit in fix box/relax
Internal LAMMPS error. Please report it to the developers.
Attempting to rescale a 0.0 temperature
Cannot rescale a temperature that is already 0.0.
Bad FENE bond
Two atoms in a FENE bond have become so far apart that the bond cannot be computed.
Bad TIP4P angle type for PPPM/TIP4P
Specified angle type is not valid.
Bad TIP4P bond type for PPPM/TIP4P
Specified bond type is not valid.
Bad fix ID in fix append/atoms command
The value of the fix_id for keyword spatial must start with the suffix f_.
Bad grid of processors
The 3d grid of processors defined by the processors command does not match the number of
processors LAMMPS is being run on.
Bad kspace_modify slab parameter
Kspace_modify value for the slab/volume keyword must be >= 2.0.
Bad matrix inversion in mldivide3
This error should not occur unless the matrix is badly formed.
Bad principal moments
Fix rigid did not compute the principal moments of inertia of a rigid group of atoms correctly.
Bad quadratic solve for particle/line collision
This is an internal error. It should nornally not occur.
Bad quadratic solve for particle/tri collision
This is an internal error. It should nornally not occur.
Balance command before simulation box is defined
The balance command cannot be used before a read_data, read_restart, or create_box command.
Balance dynamic string is invalid
The string can only contain the characters "x", "y", or "z".
Balance dynamic string is invalid for 2d simulation
The string cannot contain the letter "z".
Bias compute does not calculate a velocity bias
The specified compute must compute a bias for temperature.
Bias compute does not calculate temperature
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The specified compute must compute temperature.
Bias compute group does not match compute group
The specified compute must operate on the same group as the parent compute.
Big particle in fix srd cannot be point particle
Big particles must be extended spheriods or ellipsoids.
Bigint setting in Imptype.h is invalid
Size of bigint is less than size of tagint.
Bigint setting in Imptype.h is not compatible
Bigint stored in restart file is not consistent with LAMMPS version you are running.
Bitmapped lookup tables require int/float be same size
Cannot use pair tables on this machine, because of word sizes. Use the pair_modify command with
table O instead.
Bitmapped table in file does not match requested table
Setting for bitmapped table in pair_coeff command must match table in file exactly.
Bitmapped table is incorrect length in table file
Number of table entries is not a correct power of 2.
Bond and angle potentials must be defined for TIP4P
Cannot use TIP4P pair potential unless bond and angle potentials are defined.
Bond atom missing in delete_bonds
The delete_bonds command cannot find one or more atoms in a particular bond on a particular
processor. The pairwise cutoff is too short or the atoms are too far apart to make a valid bond.
Bond atom missing in set command
The set command cannot find one or more atoms in a particular bond on a particular processor. The
pairwise cutoff is too short or the atoms are too far apart to make a valid bond.
Bond atoms %d %d missing on proc %d at step %ld
One or both of 2 atoms needed to compute a particular bond are missing on this processor. Typically
this is because the pairwise cutoff is set too short or the bond has blown apart and an atom is too far
away.
Bond coeff for hybrid has invalid style
Bond style hybrid uses another bond style as one of its coefficients. The bond style used in the
bond_coeff command or read from a restart file is not recognized.
Bond coeffs are not set
No bond coefficients have been assigned in the data file or via the bond_coeff command.
Bond potential must be defined for SHAKE
Cannot use fix shake unless bond potential is defined.
Bond style hybrid cannot have hybrid as an argument
Self-explanatory.
Bond style hybrid cannot have none as an argument
Self-explanatory.
Bond style hybrid cannot use same pair style twice
Self-explanatory.
Bond style quartic cannot be used with 3,4-body interactions
No angle, dihedral, or improper styles can be defined when using bond style quartic.
Bond style quartic requires special_bonds = 1,1,1
This is a restriction of the current bond quartic implementation.
Bond table parameters did not set N
List of bond table parameters must include N setting.
Bond table values are not increasing
The values in the tabulated file must be monotonically increasing.
Bond_coeff command before bond_style is defined
Coefficients cannot be set in the data file or via the bond_coeff command until an bond_style has
been assigned.
Bond_coeff command before simulation box is defined
The bond_coeff command cannot be used before a read_data, read_restart, or create_box command.
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Bond_coeff command when no bonds allowed
The chosen atom style does not allow for bonds to be defined.
Bond_style command when no bonds allowed
The chosen atom style does not allow for bonds to be defined.
Bonds assigned incorrectly
Bonds read in from the data file were not assigned correctly to atoms. This means there is something
invalid about the topology definitions.
Bonds defined but no bond types
The data file header lists bonds but no bond types.
Both sides of boundary must be periodic
Cannot specify a boundary as periodic only on the lo or hi side. Must be periodic on both sides.
Boundary command after simulation box is defined
The boundary command cannot be used after a read_data, read_restart, or create_box command.
Box bounds are invalid
The box boundaries specified in the read_data file are invalid. The lo value must be less than the hi
value for all 3 dimensions.
Can not specify Pxy/Pxz/Pyz in fix box/relax with non-triclinic box
Only triclinic boxes can be used with off-diagonal pressure components. See the region prism
command for details.
Can not specify Pxy/Pxz/Pyz in fix nvt/npt/nph with non-triclinic box
Only triclinic boxes can be used with off-diagonal pressure components. See the region prism
command for details.
Can only use -plog with multiple partitions
Self-explanatory. See doc page discussion of command-line switches.
Can only use -pscreen with multiple partitions
Self-explanatory. See doc page discussion of command-line switches.
Can only use NEB with 1-processor replicas
This is current restriction for NEB as implemented in LAMMPS.
Can only use TAD with I-processor replicas for NEB
This is current restriction for NEB as implemented in LAMMPS.
Cannot (yet) use PPPM with triclinic box
This feature is not yet supported.
Cannot add atoms to fix move variable
Atoms can not be added afterwards to this fix option.
Cannot append atoms to a triclinic box
The simulation box must be defined with edges alligned with the Cartesian axes.
Cannot balance in z dimension for 2d simulation
Self-explanatory.
Cannot change box ortho/triclinic with certain fixes defined
This is because those fixes store the shape of the box. You need to use unfix to discard the fix, change
the box, then redefine a new fix.
Cannot change box ortho/triclinic with dumps defined
This is because some dumps store the shape of the box. You need to use undump to discard the dump,
change the box, then redefine a new dump.
Cannot change box tilt factors for orthogonal box
Cannot use tilt factors unless the simulation box is non-orthogonal.
Cannot change box to orthogonal when tilt is non-zero
Self-explanatory.
Cannot change box z boundary to nonperiodic for a 2d simulation
Self-explanatory.
Cannot change dump_modify every for dump dcd
The frequency of writing dump dcd snapshots cannot be changed.
Cannot change dump_modify every for dump xtc
The frequency of writing dump xtc snapshots cannot be changed.
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Cannot change timestep once fix srd is setup
This is because various SRD properties depend on the timestep size.
Cannot change timestep with fix pour
This fix pre-computes some values based on the timestep, so it cannot be changed during a simulation
run.
Cannot change_box after reading restart file with per-atom info
This is because the restart file info cannot be migrated with the atoms. You can get around this by
performing a O-timestep run which will assign the restart file info to actual atoms.
Cannot change_box in xz or yz for 2d simulation
Self-explanatory.
Cannot change_box in z dimension for 2d simulation
Self-explanatory.
Cannot compute PPPM G
LAMMPS failed to compute a valid approximation for the PPPM g_ewald factor that partitions the
computation between real space and k-space.
Cannot create an atom map unless atoms have IDs
The simulation requires a mapping from global atom IDs to local atoms, but the atoms that have been
defined have no IDs.
Cannot create atoms with undefined lattice
Must use the lattice command before using the create_atoms command.
Cannot create/grow a vector/array of pointers for %s
LAMMPS code is making an illegal call to the templated memory allocaters, to create a vector or
array of pointers.
Cannot create_atoms after reading restart file with per-atom info
The per-atom info was stored to be used when by a fix that you may re-define. If you add atoms
before re-defining the fix, then there will not be a correct amount of per-atom info.
Cannot create_box after simulation box is defined
The create_box command cannot be used after a read_data, read_restart, or create_box command.
Cannot currently use pair reax with pair hybrid
This is not yet supported.
Cannot delete group all
Self-explanatory.
Cannot delete group currently used by a compute
Self-explanatory.
Cannot delete group currently used by a dump
Self-explanatory.
Cannot delete group currently used by a fix
Self-explanatory.
Cannot delete group currently used by atom_modify first
Self-explanatory.
Cannot displace_atoms after reading restart file with per-atom info
This is because the restart file info cannot be migrated with the atoms. You can get around this by
performing a O-timestep run which will assign the restart file info to actual atoms.
Cannot do GCMC on atoms in atom_modify first group
This is a restriction due to the way atoms are organized in a list to enable the atom_modify first
command.
Cannot dump JPG file
LAMMPS was not built with the -DLAMMPS_JPEG switch in the Makefile.
Cannot dump sort on atom IDs with no atom IDs defined
Self-explanatory.
Cannot evaporate atoms in atom_modify first group
This is a restriction due to the way atoms are organized in a list to enable the atom_modify first
command.
Cannot find delete_bonds group 1D
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Group ID used in the delete_bonds command does not exist.
Cannot have both pair_modify shift and tail set to yes
These 2 options are contradictory.
Cannot open -reorder file
Self-explanatory.
Cannot open ADP potential file %s
The specified ADP potential file cannot be opened. Check that the path and name are correct.
Cannot open AIREBO potential file %s
The specified AIREBO potential file cannot be opened. Check that the path and name are correct.
Cannot open COMB potential file %s
The specified COMB potential file cannot be opened. Check that the path and name are correct.
Cannot open EAM potential file %s
The specified EAM potential file cannot be opened. Check that the path and name are correct.
Cannot open EIM potential file %s
The specified EIM potential file cannot be opened. Check that the path and name are correct.
Cannot open MEAM potential file os
The specified MEAM potential file cannot be opened. Check that the path and name are correct.
Cannot open Stillinger-Weber potential file %s
The specified SW potential file cannot be opened. Check that the path and name are correct.
Cannot open Tersoff potential file %s
The specified Tersoff potential file cannot be opened. Check that the path and name are correct.
Cannot open balance output file
This error message can only occur if debug options are uncommented in src/balance.cpp.
Cannot open custom file
Self-explanatory.
Cannot open dir to search for restart file
Using a "*" in the name of the restart file will open the current directory to search for matching file
names.
Cannot open dump file
The output file for the dump command cannot be opened. Check that the path and name are correct.
Cannot open file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix ave/correlate file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix ave/histo file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix ave/spatial file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix ave/time file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix poems file %s
The specified file cannot be opened. Check that the path and name are correct.
Cannot open fix print file %s
The output file generated by the fix print command cannot be opened
Cannot open fix geq/comb file %s
The output file for the fix geq/combs command cannot be opened. Check that the path and name are
correct.
Cannot open fix reax/bonds file %s
The output file for the fix reax/bonds command cannot be opened. Check that the path and name are
correct.
Cannot open fix tmd file %s
The output file for the fix tmd command cannot be opened. Check that the path and name are correct.
Cannot open fix ttm file %s
The output file for the fix ttm command cannot be opened. Check that the path and name are correct.
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Cannot open gzipped file
LAMMPS is attempting to open a gzipped version of the specified file but was unsuccessful. Check
that the path and name are correct.
Cannot open input script %s
Self-explanatory.
Cannot open log.lammps
The default LAMMPS log file cannot be opened. Check that the directory you are running in allows
for files to be created.
Cannot open logfile
The LAMMPS log file named in a command-line argument cannot be opened. Check that the path
and name are correct.
Cannot open logfile %s
The LAMMPS log file specified in the input script cannot be opened. Check that the path and name
are correct.
Cannot open pair_write file
The specified output file for pair energies and forces cannot be opened. Check that the path and name
are correct.
Cannot open processors output file
Self-explanatory.
Cannot open restart file %s
Self-explanatory.
Cannot open screen file
The screen file specified as a command-line argument cannot be opened. Check that the directory you
are running in allows for files to be created.
Cannot open universe log file
For a multi-partition run, the master log file cannot be opened. Check that the directory you are
running in allows for files to be created.
Cannot open universe screen file
For a multi-partition run, the master screen file cannot be opened. Check that the directory you are
running in allows for files to be created.
Cannot read_data after simulation box is defined
The read_data command cannot be used after a read_data, read_restart, or create_box command.
Cannot read_restart after simulation box is defined
The read_restart command cannot be used after a read_data, read_restart, or create_box command.
Cannot redefine variable as a different style
An equal-style variable can be re-defined but only if it was originally an equal-style variable.
Cannot replicate 2d simulation in z dimension
The replicate command cannot replicate a 2d simulation in the z dimension.
Cannot replicate with fixes that store atom quantities
Either fixes are defined that create and store atom-based vectors or a restart file was read which
included atom-based vectors for fixes. The replicate command cannot duplicate that information for
new atoms. You should use the replicate command before fixes are applied to the system.
Cannot reset timestep with a dynamic region defined
Dynamic regions (see the region command) have a time dependence. Thus you cannot change the
timestep when one or more of these are defined.
Cannot reset timestep with a time-dependent fix defined
You cannot reset the timestep when a fix that keeps track of elapsed time is in place.
Cannot reset timestep with dump file already written to
Changing the timestep will confuse when a dump file is written. Use the undump command, then
restart the dump file.
Cannot reset timestep with restart file already written
Changing the timestep will confuse when a restart file is written. Use the "restart 0" command to turn
off restarts, then start them again.
Cannot restart fix rigid/nvt with different # of chains
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This is because the restart file contains per-chain info.
Cannot run 2d simulation with nonperiodic Z dimension
Use the boundary command to make the z dimension periodic in order to run a 2d simulation.
Cannot set both respa pair and inner/middle/outer
In the rRESPA integrator, you must compute pairwise potentials either all together (pair), or in pieces
(inner/middle/outer). You can't do both.
Cannot set dump_modify flush for dump xtc
Self-explanatory.
Cannot set mass for this atom style
This atom style does not support mass settings for each atom type. Instead they are defined on a
per-atom basis in the data file.
Cannot set meso_rho for this atom style
Self-explanatory.
Cannot set non-zero image flag for non-periodic dimension
Self-explanatory.
Cannot set non-zero z velocity for 2d simulation
Self-explanatory.
Cannot set quaternion for atom that has none
Self-explanatory.
Cannot set respa middle without inner/outer
In the rRESPA integrator, you must define both a inner and outer setting in order to use a middle
setting.
Cannot set theta for atom that is not a line
Self-explanatory.
Cannot set this attribute for this atom style
The attribute being set does not exist for the defined atom style.
Cannot set variable 7 velocity for 2d simulation
Self-explanatory.
Cannot skew triclinic box in z for 2d simulation
Self-explanatory.
Cannot use -cuda on without USER-CUDA installed
The USER-CUDA package must be installed via "make yes-user-cuda" before LAMMPS is built.
Cannot use -reorder after -partition
Self-explanatory. See doc page discussion of command-line switches.
Cannot use Ewald with 2d simulation
The kspace style ewald cannot be used in 2d simulations. You can use 2d Ewald in a 3d simulation;
see the kspace_modify command.
Cannot use Ewald with triclinic box
This feature is not yet supported.
Cannot use NEB unless atom map exists
Use the atom_modify command to create an atom map.
Cannot use NEB with a single replica
Self-explanatory.
Cannot use NEB with atom_modify sort enabled
This is current restriction for NEB implemented in LAMMPS.
Cannot use PPPM with 2d simulation
The kspace style pppm cannot be used in 2d simulations. You can use 2d PPPM in a 3d simulation;
see the kspace_modify command.
Cannot use PRD with a time-dependent fix defined
PRD alters the timestep in ways that will mess up these fixes.
Cannot use PRD with a time-dependent region defined
PRD alters the timestep in ways that will mess up these regions.
Cannot use PRD with atom_modify sort enabled
This is a current restriction of PRD. You must turn off sorting, which is enabled by default, via the
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atom_modify command.
Cannot use PRD with multi-processor replicas unless atom map exists
Use the atom_modify command to create an atom map.
Cannot use TAD unless atom map exists for NEB
See atom_modify map command to set this.
Cannot use TAD with a single replica for NEB
NEB requires multiple replicas.
Cannot use TAD with atom_modify sort enabled for NEB
This is a current restriction of NEB.
Cannot use a damped dynamics min style with fix box/relax
This is a current restriction in LAMMPS. Use another minimizer style.
Cannot use a damped dynamics min style with per-atom DOF
This is a current restriction in LAMMPS. Use another minimizer style.
Cannot use append/atoms in periodic dimension
The boundary style of the face where atoms are added can not be of type p (periodic).
Cannot use compute cluster/atom unless atoms have IDs
Atom IDs are used to identify clusters.
Cannot use cwiggle in variable formula between runs
This is a function of elapsed time.
Cannot use delete_atoms unless atoms have IDs
Your atoms do not have IDs, so the delete_atoms command cannot be used.
Cannot use delete_bonds with non-molecular system
Your choice of atom style does not have bonds.
Cannot use fix GPU with USER-CUDA mode enabled
You cannot use both the GPU and USER-CUDA packages together. Use one or the other.
Cannot use fix TMD unless atom map exists
Using this fix requires the ability to lookup an atom index, which is provided by an atom map. An
atom map does not exist (by default) for non-molecular problems. Using the atom_modify map
command will force an atom map to be created.
Cannot use fix ave/spatial z for 2 dimensional model
Self-explanatory.
Cannot use fix bond/break with non-molecular systems
Self-explanatory.
Cannot use fix bond/create with non-molecular systems
Self-explanatory.
Cannot use fix box/relax on a 2nd non-periodic dimension
When specifying an off-diagonal pressure component, the 2nd of the two dimensions must be
periodic. E.g. if the Xy component is specified, then the y dimension must be periodic.
Cannot use fix box/relax on a non-periodic dimension
When specifying a diagonal pressure component, the dimension must be periodic.
Cannot use fix deform on a shrink-wrapped boundary
The x, y, z options cannot be applied to shrink-wrapped dimensions.
Cannot use fix deform tilt on a shrink-wrapped 2nd dim
This is because the shrink-wrapping will change the value of the strain implied by the tilt factor.
Cannot use fix deform trate on a box with zero tilt
The trate style alters the current strain.
Cannot use fix enforce2d with 3d simulation
Self-explanatory.
Cannot use fix msst without per-type mass defined
Self-explanatory.
Cannot use fix npt and fix deform on same component of stress tensor
This would be changing the same box dimension twice.
Cannot use fix nvt/npt/nph on a 2nd non-periodic dimension
When specifying an off-diagonal pressure component, the 2nd of the two dimensions must be
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periodic. E.g. if the Xy component is specified, then the y dimension must be periodic.

Cannot use fix nvt/npt/nph on a non-periodic dimension
When specifying a diagonal pressure component, the dimension must be periodic.
Cannot use fix nvt/npt/nph with both xy dynamics and xy scaling
Self-explanatory.
Cannot use fix nvt/npt/nph with both xz dynamics and xz scaling
Self-explanatory.
Cannot use fix nvt/npt/nph with both yz dynamics and yz scaling
Self-explanatory.
Cannot use fix nvt/npt/nph with xy dynamics when y is non-periodic dimension
The 2nd dimension in the barostatted tilt factor must be periodic.
Cannot use fix nvt/npt/nph with xz dynamics when z is non-periodic dimension
The 2nd dimension in the barostatted tilt factor must be periodic.
Cannot use fix nvt/npt/nph with yz dynamics when z is non-periodic dimension
The 2nd dimension in the barostatted tilt factor must be periodic.
Cannot use fix pour with triclinic box
This feature is not yet supported.
Cannot use fix press/berendsen and fix deform on same component of stress tensor
These commands both change the box size/shape, so you cannot use both together.
Cannot use fix press/berendsen on a non-periodic dimension
Self-explanatory.
Cannot use fix press/berendsen with triclinic box
Self-explanatory.
Cannot use fix reax/bonds without pair_style reax
Self-explantory.
Cannot use fix shake with non-molecular system
Your choice of atom style does not have bonds.
Cannot use fix ttm with 2d simulation
This is a current restriction of this fix due to the grid it creates.
Cannot use fix ttm with triclinic box
This is a current restriction of this fix due to the grid it creates.
Cannot use fix wall in periodic dimension
Self-explanatory.
Cannot use fix wall zlo/zhi for a 2d simulation
Self-explanatory.
Cannot use fix wall/reflect in periodic dimension
Self-explanatory.
Cannot use fix wall/reflect zlo/zhi for a 2d simulation
Self-explanatory.
Cannot use fix wall/srd in periodic dimension
Self-explanatory.
Cannot use fix wall/srd more than once
Nor is their a need to since multiple walls can be specified in one command.
Cannot use fix wall/srd without fix srd
Self-explanatory.
Cannot use fix wall/srd zlo/zhi for a 2d simulation
Self-explanatory.
Cannot use force/hybrid_neigh with triclinic box
Self-explanatory.
Cannot use force/neigh with triclinic box
This is a current limitation of the GPU implementation in LAMMPS.
Cannot use kspace solver on system with no charge
No atoms in system have a non-zero charge.
Cannot use lines with fix srd unless overlap is set
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This is because line segements are connected to each other.
Cannot use neigh_modify exclude with GPU neighbor builds

This is a current limitation of the GPU implementation in LAMMPS.
Cannot use neighbor bins - box size << cutoff

Too many neighbor bins will be created. This typically happens when the simulation box is very small

in some dimension, compared to the neighbor cutoff. Use the "nsq" style instead of "bin" style.

Cannot use newton pair with buck/coul/cut/gpu pair style
Self-explanatory.
Cannot use newton pair with buck/coul/long/gpu pair style
Self-explanatory.
Cannot use newton pair with buck/gpu pair style
Self-explanatory.
Cannot use newton pair with coul/long/gpu pair style
Self-explanatory.
Cannot use newton pair with eam/gpu pair style
Self-explanatory.
Cannot use newton pair with gayberne/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/charmm/coul/long/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/class2/coul/long/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/class2/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/cut/coul/cut/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/cut/coul/long/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/cut/gpu pair style
Self-explanatory.
Cannot use newton pair with lj/expand/gpu pair style
Self-explanatory.
Cannot use newton pair with [j96/cut/gpu pair style
Self-explanatory.
Cannot use newton pair with morse/gpu pair style
Self-explanatory.
Cannot use newton pair with resquared/gpu pair style
Self-explanatory.
Cannot use newton pair with table/gpu pair style
Self-explanatory.
Cannot use newton pair with yukawa/gpu pair style
Self-explanatory.
Cannot use non-zero forces in an energy minimization
Fix setforce cannot be used in this manner. Use fix addforce instead.
Cannot use nonperiodic boundares with fix ttm
This fix requires a fully periodic simulation box.
Cannot use nonperiodic boundaries with Ewald
For kspace style ewald, all 3 dimensions must have periodic boundaries unless you use the
kspace_modify command to define a 2d slab with a non-periodic z dimension.
Cannot use nonperiodic boundaries with PPPM
For kspace style pppm, all 3 dimensions must have periodic boundaries unless you use the
kspace_modify command to define a 2d slab with a non-periodic z dimension.
Cannot use order greater than 8 with pppm/gpu.
Self-explanatory.
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Cannot use pair hybrid with GPU neighbor builds
See documentation for fix gpu.
Cannot use pair tail corrections with 2d simulations
The correction factors are only currently defined for 3d systems.
Cannot use processors part command without using partitions
See the command-line -partition switch.
Cannot use ramp in variable formula between runs
This is because the ramp() function is time dependent.
Cannot use region INF or EDGE when box does not exist

Regions that extend to the box boundaries can only be used after the create_box command has been

used.
Cannot use set atom with no atom IDs defined
Atom IDs are not defined, so they cannot be used to identify an atom.
Cannot use set mol with no molecule IDs defined
Self-explanatory.
Cannot use swiggle in variable formula between runs
This is a function of elapsed time.
Cannot use tris with fix srd unless overlap is set
This is because triangles are connected to each other.
Cannot use variable energy with constant force in fix addforce
This is because for constant force, LAMMPS can compute the change in energy directly.
Cannot use variable every setting for dump dcd
The format of DCD dump files requires snapshots be output at a constant frequency.
Cannot use variable every setting for dump xtc
The format of this file requires snapshots at regular intervals.
Cannot use vdisplace in variable formula between runs
This is a function of elapsed time.
Cannot use velocity create loop all unless atoms have IDs

Atoms in the simulation to do not have IDs, so this style of velocity creation cannot be performed.

Cannot use wall in periodic dimension

Self-explanatory.
Cannot wiggle and shear fix wall/gran

Cannot specify both options at the same time.
Cannot zero Langevin force of 0 atoms

The group has zero atoms, so you cannot request its force be zeroed.
Cannot zero momentum of 0 atoms

The collection of atoms for which momentum is being computed has no atoms.
Change_box command before simulation box is defined

Self-explanatory.
Change_box volume used incorrectly

The "dim volume" option must be used immediately following one or two settings for "dim1 ..." (and

optionally "dim2 ...") and must be for a different dimension, i.e. dim !=dim1 and dim != dim?2.

Communicate group != atom_modify first group
Self-explanatory.

Compute ID for compute atom/molecule does not exist
Self-explanatory.

Compute ID for compute reduce does not exist
Self-explanatory.

Compute ID for compute slice does not exist
Self-explanatory.

Compute ID for fix ave/atom does not exist
Self-explanatory.

Compute ID for fix ave/correlate does not exist
Self-explanatory.
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Compute ID for fix ave/histo does not exist
Self-explanatory.

Compute ID for fix ave/spatial does not exist
Self-explanatory.

Compute ID for fix ave/time does not exist
Self-explanatory.

Compute ID for fix store/state does not exist
Self-explanatory.

Compute ID must be alphanumeric or underscore characters
Self-explanatory.

Compute angle/local used when angles are not allowed
The atom style does not support angles.

Compute atom/molecule compute array is accessed out-of-range
Self-explanatory.

Compute atom/molecule compute does not calculate a per-atom array
Self-explanatory.

Compute atom/molecule compute does not calculate a per-atom vector
Self-explanatory.

Compute atom/molecule compute does not calculate per-atom values
Self-explanatory.

Compute atom/molecule fix array is accessed out-of-range
Self-explanatory.

Compute atom/molecule fix does not calculate a per-atom array
Self-explanatory.

Compute atom/molecule fix does not calculate a per-atom vector
Self-explanatory.

Compute atom/molecule fix does not calculate per-atom values
Self-explanatory.

Compute atom/molecule requires molecular atom style
Self-explanatory.

Compute atom/molecule variable is not atom-style variable
Self-explanatory.

Compute bond/local used when bonds are not allowed
The atom style does not support bonds.

Compute centro/atom requires a pair style be defined
This is because the computation of the centro-symmetry values uses a pairwise neighbor list.

Compute cluster/atom cutoff is longer than pairwise cutoff
Cannot identify clusters beyond cutoff.

Compute cluster/atom requires a pair style be defined
This is so that the pair style defines a cutoff distance which is used to find clusters.

Compute cna/atom cutoff is longer than pairwise cutoff
Self-explantory.

Compute cna/atom requires a pair style be defined
Self-explantory.

Compute com/molecule requires molecular atom style
Self-explanatory.

Compute coord/atom cutoff is longer than pairwise cutoff
Cannot compute coordination at distances longer than the pair cutoff, since those atoms are not in the
neighbor list.

Compute coord/atom requires a pair style be defined
Self-explantory.

Compute damage/atom requires peridynamic potential
Damage is a Peridynamic-specific metric. It requires you to be running a Peridynamics simulation.

Compute dihedral/local used when dihedrals are not allowed
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The atom style does not support dihedrals.
Compute does not allow an extra compute or fix to be reset
This is an internal LAMMPS error. Please report it to the developers.
Compute erotate/asphere requires atom style ellipsoid or line or tri
Self-explanatory.
Compute erotate/asphere requires extended particles
This compute cannot be used with point paritlces.
Compute erotate/sphere requires atom style sphere
Self-explanatory.
Compute event/displace has invalid fix event assigned
This is an internal LAMMPS error. Please report it to the developers.
Compute group/group group ID does not exist
Self-explanatory.
Compute gyration/molecule requires molecular atom style
Self-explanatory.
Compute heat/flux compute ID does not compute ke/atom
Self-explanatory.
Compute heat/flux compute ID does not compute pe/atom
Self-explanatory.
Compute heat/flux compute ID does not compute stress/atom
Self-explanatory.
Compute improper/local used when impropers are not allowed
The atom style does not support impropers.
Compute msd/molecule requires molecular atom style
Self-explanatory.
Compute nve/asphere requires atom style ellipsoid
Self-explanatory.
Compute nvt/nph/npt asphere requires atom style ellipsoid
Self-explanatory.
Compute pair must use group all
Pair styles accumlate energy on all atoms.
Compute pe must use group all
Energies computed by potentials (pair, bond, etc) are computed on all atoms.
Compute pressure must use group all
Virial contributions computed by potentials (pair, bond, etc) are computed on all atoms.
Compute pressure temperature ID does not compute temperature
The compute ID assigned to a pressure computation must compute temperature.
Compute property/atom for atom property that isn't allocated
Self-explanatory.
Compute property/local cannot use these inputs together
Only inputs that generate the same number of datums can be used togther. E.g. bond and angle
quantities cannot be mixed.
Compute property/local for property that isn't allocated
Self-explanatory.
Compute property/molecule requires molecular atom style
Self-explanatory.
Compute rdf requires a pair style be defined
Self-explanatory.
Compute reduce compute array is accessed out-of-range
An index for the array is out of bounds.
Compute reduce compute calculates global values
A compute that calculates peratom or local values is required.
Compute reduce compute does not calculate a local array
Self-explanatory.
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Compute reduce compute does not calculate a local vector
Self-explanatory.

Compute reduce compute does not calculate a per-atom array
Self-explanatory.

Compute reduce compute does not calculate a per-atom vector
Self-explanatory.

Compute reduce fix array is accessed out-of-range
An index for the array is out of bounds.

Compute reduce fix calculates global values
A fix that calculates peratom or local values is required.

Compute reduce fix does not calculate a local array
Self-explanatory.

Compute reduce fix does not calculate a local vector
Self-explanatory.

Compute reduce fix does not calculate a per-atom array
Self-explanatory.

Compute reduce fix does not calculate a per-atom vector
Self-explanatory.

Compute reduce replace requires min or max mode
Self-explanatory.

Compute reduce variable is not atom-style variable
Self-explanatory.

Compute slice compute array is accessed out-of-range
An index for the array is out of bounds.

Compute slice compute does not calculate a global array
Self-explanatory.

Compute slice compute does not calculate a global vector
Self-explanatory.

Compute slice compute does not calculate global vector or array
Self-explanatory.

Compute slice compute vector is accessed out-of-range
The index for the vector is out of bounds.

Compute slice fix array is accessed out-of-range
An index for the array is out of bounds.

Compute slice fix does not calculate a global array
Self-explanatory.

Compute slice fix does not calculate a global vector
Self-explanatory.

Compute slice fix does not calculate global vector or array
Self-explanatory.

Compute slice fix vector is accessed out-of-range
The index for the vector is out of bounds.

Compute temp/asphere requires atom style ellipsoid
Self-explanatory.

Compute temp/asphere requires extended particles
This compute cannot be used with point paritlces.

Compute temp/partial cannot use vz for 2d systemx
Self-explanatory.

Compute temp/profile cannot bin 7 for 2d systems
Self-explanatory.

Compute temp/profile cannot use vz for 2d systemx
Self-explanatory.

Compute temp/sphere requires atom style sphere
Self-explanatory.
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Compute ti kspace style does not exist
Self-explanatory.
Compute ti pair style does not exist
Self-explanatory.
Compute ti tail when pair style does not compute tail corrections
Self-explanatory.
Compute used in variable between runs is not current
Computes cannot be invoked by a variable in between runs. Thus they must have been evaluated on
the last timestep of the previous run in order for their value(s) to be accessed. See the doc page for the
variable command for more info.
Compute used in variable thermo keyword between runs is not current
Some thermo keywords rely on a compute to calculate their value(s). Computes cannot be invoked by
a variable in between runs. Thus they must have been evaluated on the last timestep of the previous
run in order for their value(s) to be accessed. See the doc page for the variable command for more
info.
Computed temperature for fix temp/berendsen cannot be 0.0
Self-explanatory.
Computed temperature for fix temp/rescale cannot be 0.0
Cannot rescale the temperature to a new value if the current temperature is 0.0.
Could not count initial bonds in fix bond/create
Could not find one of the atoms in a bond on this processor.
Could not create 3d FFT plan
The FFT setup in pppm failed.
Could not create 3d grid of processors
The specified constraints did not allow a Px by Py by Pz grid to be created where Px * Py * Pz=P =
total number of processors.
Could not create 3d remap plan
The FFT setup in pppm failed.
Could not create numa grid of processors
The specified constraints did not allow this style of grid to be created. Usually this is because the total
processor count is not a multiple of the cores/node or the user specified processor count is > 1 in one
of the dimensions.
Could not create twolevel 3d grid of processors
The specified constraints did not allow this style of grid to be created.
Could not find atom_modify first group ID
Self-explanatory.
Could not find change_box group ID
Group ID used in the change_box command does not exist.
Could not find compute ID for PRD
Self-explanatory.
Could not find compute ID for TAD
Self-explanatory.
Could not find compute ID for temperature bias
Self-explanatory.
Could not find compute ID to delete
Self-explanatory.
Could not find compute displace/atom fix ID
Self-explanatory.
Could not find compute event/displace fix ID
Self-explanatory.
Could not find compute group ID
Self-explanatory.
Could not find compute heat/flux compute ID
Self-explanatory.
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Could not find compute msd fix ID

Self-explanatory.
Could not find compute pressure temperature 1D

The compute ID for calculating temperature does not exist.
Could not find compute_modify ID

Self-explanatory.
Could not find delete_atoms group ID

Group ID used in the delete_atoms command does not exist.
Could not find delete_atoms region 1D

Region ID used in the delete_atoms command does not exist.
Could not find displace_atoms group 1D

Group ID used in the displace_atoms command does not exist.
Could not find dump custom compute 1D

The compute ID needed by dump custom to compute a per-atom quantity does not exist.

Could not find dump custom fix ID

Self-explanatory.
Could not find dump custom variable name

Self-explanatory.
Could not find dump group ID

A group ID used in the dump command does not exist.
Could not find dump local compute ID

Self-explanatory.
Could not find dump local fix ID

Self-explanatory.
Could not find dump modify compute ID

Self-explanatory.
Could not find dump modify fix 1D

Self-explanatory.
Could not find dump modify variable name

Self-explanatory.
Could not find fix ID to delete

Self-explanatory.
Could not find fix group ID

A group ID used in the fix command does not exist.
Could not find fix msst compute ID

Self-explanatory.
Could not find fix poems group 1D

A group ID used in the fix poems command does not exist.
Could not find fix recenter group ID

A group ID used in the fix recenter command does not exist.
Could not find fix rigid group ID

A group ID used in the fix rigid command does not exist.
Could not find fix srd group ID

Self-explanatory.
Could not find fix_modify 1D

A fix ID used in the fix_modify command does not exist.
Could not find fix_modify pressure ID

The compute ID for computing pressure does not exist.
Could not find fix_modify temperature ID

The compute ID for computing temperature does not exist.
Could not find group delete group ID

Self-explanatory.
Could not find set group ID

Group ID specified in set command does not exist.
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Could not find thermo compute ID
Compute ID specified in thermo_style command does not exist.
Could not find thermo custom compute 1D
The compute ID needed by thermo style custom to compute a requested quantity does not exist.
Could not find thermo custom fix ID
The fix ID needed by thermo style custom to compute a requested quantity does not exist.
Could not find thermo custom variable name
Self-explanatory.
Could not find thermo fix ID
Fix ID specified in thermo_style command does not exist.
Could not find thermo variable name
Self-explanatory.
Could not find thermo_modify pressure 1D
The compute ID needed by thermo style custom to compute pressure does not exist.
Could not find thermo_modify temperature ID
The compute ID needed by thermo style custom to compute temperature does not exist.
Could not find undump 1D
A dump ID used in the undump command does not exist.
Could not find velocity group ID
A group ID used in the velocity command does not exist.
Could not find velocity temperature ID
The compute ID needed by the velocity command to compute temperature does not exist.
Could not find/initialize a specified accelerator device
Could not initialize at least one of the devices specified for the gpu package
Could not grab element entry from EIM potential file
Self-explanatory
Could not grab global entry from EIM potential file
Self-explanatory.
Could not grab pair entry from EIM potential file
Self-explanatory.
Coulomb cutoffs of pair hybrid sub-styles do not match
If using a Kspace solver, all Coulomb cutoffs of long pair styles must be the same.
Cound not find dump_modify ID
Self-explanatory.
Create_atoms command before simulation box is defined
The create_atoms command cannot be used before a read_data, read_restart, or create_box command.
Create_atoms region ID does not exist
A region ID used in the create_atoms command does not exist.
Create_box region ID does not exist
A region ID used in the create_box command does not exist.
Create_box region does not support a bounding box
Not all regions represent bounded volumes. You cannot use such a region with the create_box
command.
Cyclic loop in joint connections
Fix poems cannot (yet) work with coupled bodies whose joints connect the bodies in a ring (or cycle).
Degenerate lattice primitive vectors
Invalid set of 3 lattice vectors for lattice command.
Delete region ID does not exist
Self-explanatory.
Delete_atoms command before simulation box is defined
The delete_atoms command cannot be used before a read_data, read_restart, or create_box command.
Delete_atoms cutoff > neighbor cutoff
Cannot delete atoms further away than a processor knows about.
Delete_atoms requires a pair style be defined
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This is because atom deletion within a cutoff uses a pairwise neighbor list.
Delete_bonds command before simulation box is defined
The delete_bonds command cannot be used before a read_data, read_restart, or create_box command.
Delete_bonds command with no atoms existing
No atoms are yet defined so the delete_bonds command cannot be used.
Deposition region extends outside simulation box
Self-explanatory.
Did not assign all atoms correctly
Atoms read in from a data file were not assigned correctly to processors. This is likely due to some
atom coordinates being outside a non-periodic simulation box.
Did not find all elements in MEAM library file
The requested elements were not found in the MEAM file.
Did not find fix shake partner info
Could not find bond partners implied by fix shake command. This error can be triggered if the
delete_bonds command was used before fix shake, and it removed bonds without resetting the 1-2,
1-3, 1-4 weighting list via the special keyword.
Did not find keyword in table file
Keyword used in pair_coeff command was not found in table file.
Did not set temp for fix rigid/nvt
The temp keyword must be used.
Dihedral atom missing in delete_bonds
The delete_bonds command cannot find one or more atoms in a particular dihedral on a particular
processor. The pairwise cutoff is too short or the atoms are too far apart to make a valid dihedral.
Dihedral atom missing in set command
The set command cannot find one or more atoms in a particular dihedral on a particular processor.
The pairwise cutoff is too short or the atoms are too far apart to make a valid dihedral.
Dihedral atoms %d %d %d %d missing on proc %d at step %ld
One or more of 4 atoms needed to compute a particular dihedral are missing on this processor.
Typically this is because the pairwise cutoff is set too short or the dihedral has blown apart and an
atom is too far away.
Dihedral charmm is incompatible with Pair style
Dihedral style charmm must be used with a pair style charmm in order for the 1-4 epsilon/sigma
parameters to be defined.
Dihedral coeff for hybrid has invalid style
Dihedral style hybrid uses another dihedral style as one of its coefficients. The dihedral style used in
the dihedral_coeff command or read from a restart file is not recognized.
Dihedral coeffs are not set
No dihedral coefficients have been assigned in the data file or via the dihedral_coeff command.
Dihedral style hybrid cannot have hybrid as an argument
Self-explanatory.
Dihedral style hybrid cannot have none as an argument
Self-explanatory.
Dihedral style hybrid cannot use same dihedral style twice
Self-explanatory.
Dihedral_coeff command before dihedral_style is defined
Coefficients cannot be set in the data file or via the dihedral_coeff command until an dihedral_style
has been assigned.
Dihedral_coeff command before simulation box is defined
The dihedral_coeff command cannot be used before a read_data, read_restart, or create_box
command.
Dihedral_coeff command when no dihedrals allowed
The chosen atom style does not allow for dihedrals to be defined.
Dihedral_style command when no dihedrals allowed
The chosen atom style does not allow for dihedrals to be defined.
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Dihedrals assigned incorrectly
Dihedrals read in from the data file were not assigned correctly to atoms. This means there is
something invalid about the topology definitions.
Dihedrals defined but no dihedral types
The data file header lists dihedrals but no dihedral types.
Dimension command after simulation box is defined
The dimension command cannot be used after a read_data, read_restart, or create_box command.
Displace_atoms command before simulation box is defined
The displace_atoms command cannot be used before a read_data, read_restart, or create_box
command.
Distance must be > 0 for compute event/displace
Self-explanatory.
Divide by 0 in influence function of pair peri/lps
This should not normally occur. It is likely a problem with your model.
Divide by 0 in variable formula
Self-explanatory.
Domain too large for neighbor bins
The domain has become extremely large so that neighbor bins cannot be used. Most likely, one or
more atoms have been blown out of the simulation box to a great distance.
Double precision is not supported on this accelerator
Self-explanatory
Dump cfg arguments can not mix xslyslzs with xsulysulzsu
Self-explanatory.
Dump cfg arguments must start with 'id type xs ys zs' or 'id type xsu ysu zsu'
This is a requirement of the CFG output format.
Dump cfg requires one snapshot per file
Use the wildcard "*" character in the filename.
Dump custom and fix not computed at compatible times
The fix must produce per-atom quantities on timesteps that dump custom needs them.
Dump custom compute does not calculate per-atom array
Self-explanatory.
Dump custom compute does not calculate per-atom vector
Self-explanatory.
Dump custom compute does not compute per-atom info
Self-explanatory.
Dump custom compute vector is accessed out-of-range
Self-explanatory.
Dump custom fix does not compute per-atom array
Self-explanatory.
Dump custom fix does not compute per-atom info
Self-explanatory.
Dump custom fix does not compute per-atom vector
Self-explanatory.
Dump custom fix vector is accessed out-of-range
Self-explanatory.
Dump custom variable is not atom-style variable
Only atom-style variables generate per-atom quantities, needed for dump output.
Dump dcd of non-matching # of atoms
Every snapshot written by dump dcd must contain the same # of atoms.
Dump dcd requires sorting by atom ID
Use the dump_modify sort command to enable this.
Dump every variable returned a bad timestep
The variable must return a timestep greater than the current timestep.
Dump image bond not allowed with no bond types
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Self-explanatory.

Dump image cannot perform sorting
Self-explanatory.

Dump image persp option is not yet supported
Self-explanatory.

Dump image requires one snapshot per file
Use a "*" in the filename.

Dump local and fix not computed at compatible times
The fix must produce per-atom quantities on timesteps that dump local needs them.

Dump local attributes contain no compute or fix
Self-explanatory.

Dump local cannot sort by atom ID
This is because dump local does not really dump per-atom info.

Dump local compute does not calculate local array
Self-explanatory.

Dump local compute does not calculate local vector
Self-explanatory.

Dump local compute does not compute local info
Self-explanatory.

Dump local compute vector is accessed out-of-range
Self-explanatory.

Dump local count is not consistent across input fields
Every column of output must be the same length.

Dump local fix does not compute local array
Self-explanatory.

Dump local fix does not compute local info
Self-explanatory.

Dump local fix does not compute local vector
Self-explanatory.

Dump local fix vector is accessed out-of-range
Self-explanatory.

Dump modify bcolor not allowed with no bond types
Self-explanatory.

Dump modify bdiam not allowed with no bond types
Self-explanatory.

Dump modify compute ID does not compute per-atom array
Self-explanatory.

Dump modify compute ID does not compute per-atom info
Self-explanatory.

Dump modify compute ID does not compute per-atom vector
Self-explanatory.

Dump modify compute ID vector is not large enough
Self-explanatory.

Dump modify element names do not match atom types
Number of element names must equal number of atom types.

Dump modify fix ID does not compute per-atom array
Self-explanatory.

Dump modify fix ID does not compute per-atom info
Self-explanatory.

Dump modify fix ID does not compute per-atom vector
Self-explanatory.

Dump modify fix ID vector is not large enough
Self-explanatory.

Dump modify variable is not atom-style variable
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Self-explanatory.
Dump sort column is invalid
Self-explanatory.
Dump xtc requires sorting by atom ID
Use the dump_modify sort command to enable this.
Dump_modify region ID does not exist
Self-explanatory.
Dumping an atom property that isn't allocated
The chosen atom style does not define the per-atom quantity being dumped.
Dumping an atom quantity that isn't allocated
Only per-atom quantities that are defined for the atom style being used are allowed.
Duplicate particle in PeriDynamic bond - simulation box is too small
This is likely because your box length is shorter than 2 times the bond length.
Electronic temperature dropped below zero
Something has gone wrong with the fix ttm electron temperature model.
Empty brackets in variable
There is no variable syntax that uses empty brackets. Check the variable doc page.
Energy was not tallied on needed timestep
You are using a thermo keyword that requires potentials to have tallied energy, but they didn't on this
timestep. See the variable doc page for ideas on how to make this work.
Expected floating point parameter in input script or data file
The quantity being read is an integer on non-numeric value.
Expected floating point parameter in variable definition
The quantity being read is a non-numeric value.
Expected integer parameter in input script or data file
The quantity being read is a floating point or non-numeric value.
Expected integer parameter in variable definition
The quantity being read is a floating point or non-numeric value.
Failed to allocate %ld bytes for array %s
Your LAMMPS simulation has run out of memory. You need to run a smaller simulation or on more
processors.
Failed to reallocate %ld bytes for array %s
Your LAMMPS simulation has run out of memory. You need to run a smaller simulation or on more
processors.
Fewer SRD bins than processors in some dimension
This is not allowed. Make your SRD bin size smaller.
Final box dimension due to fix deform is < 0.0
Self-explanatory.
Fix GCMC incompatible with given pair_style
Some pair_styles do not provide single-atom energies, which are needed by fix GCMC.
Fix GCMC molecule command requires atom attribute molecule
Should not choose the GCMC molecule feature if no molecules are being simulated. The general
molecule flag is off, but GCMC's molecule flag is on.
Fix GCMC molecule feature does not yet work
Fix GCMC cannot (yet) be used to exchange molecules, only atoms.
Fix GPU split must be positive for hybrid pair styles
Self-explanatory.
Fix ID for compute atom/molecule does not exist
Self-explanatory.
Fix ID for compute reduce does not exist
Self-explanatory.
Fix ID for compute slice does not exist
Self-explanatory.
Fix ID for fix ave/atom does not exist
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Self-explanatory.
Fix ID for fix ave/correlate does not exist
Self-explanatory.
Fix ID for fix ave/histo does not exist
Self-explanatory.
Fix ID for fix ave/spatial does not exist
Self-explanatory.
Fix ID for fix ave/time does not exist
Self-explanatory.
Fix ID for fix store/state does not exist
Self-explanatory
Fix ID must be alphanumeric or underscore characters
Self-explanatory.
Fix SRD no-slip requires atom attribute torque
This is because the SRD collisions will impart torque to the solute particles.
Fix SRD: bad bin assignment for SRD advection
Something has gone wrong in your SRD model; try using more conservative settings.
Fix SRD: bad search bin assignment
Something has gone wrong in your SRD model; try using more conservative settings.
Fix SRD: bad stencil bin for big particle
Something has gone wrong in your SRD model; try using more conservative settings.
Fix SRD: too many big particles in bin
Reset the ATOMPERBIN parameter at the top of fix_srd.cpp to a larger value, and re-compile the
code.
Fix SRD: too many walls in bin
This should not happen unless your system has been setup incorrectly.
Fix adapt kspace style does not exist
Self-explanatory.
Fix adapt pair style does not exist
Self-explanatory
Fix adapt pair style param not supported
The pair style does not know about the parameter you specified.
Fix adapt requires atom attribute diameter
The atom style being used does not specify an atom diameter.
Fix adapt type pair range is not valid for pair hybrid sub-style
Self-explanatory.
Fix ave/atom compute array is accessed out-of-range
Self-explanatory.
Fix ave/atom compute does not calculate a per-atom array
Self-explanatory.
Fix ave/atom compute does not calculate a per-atom vector
A compute used by fix ave/atom must generate per-atom values.
Fix ave/atom compute does not calculate per-atom values
A compute used by fix ave/atom must generate per-atom values.
Fix ave/atom fix array is accessed out-of-range
Self-explanatory.
Fix ave/atom fix does not calculate a per-atom array
Self-explanatory.
Fix ave/atom fix does not calculate a per-atom vector
A fix used by fix ave/atom must generate per-atom values.
Fix ave/atom fix does not calculate per-atom values
A fix used by fix ave/atom must generate per-atom values.
Fix ave/atom variable is not atom-style variable
A variable used by fix ave/atom must generate per-atom values.
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Fix ave/correlate compute does not calculate a scalar
Self-explanatory.

Fix ave/correlate compute does not calculate a vector
Self-explanatory.

Fix ave/correlate compute vector is accessed out-of-range
The index for the vector is out of bounds.

Fix ave/correlate fix does not calculate a scalar
Self-explanatory.

Fix ave/correlate fix does not calculate a vector
Self-explanatory.

Fix ave/correlate fix vector is accessed out-of-range
The index for the vector is out of bounds.

Fix ave/correlate variable is not equal-style variable
Self-explanatory.

Fix ave/histo cannot input local values in scalar mode
Self-explanatory.

Fix ave/histo cannot input per-atom values in scalar mode
Self-explanatory.

Fix ave/histo compute array is accessed out-of-range
Self-explanatory.

Fix ave/histo compute does not calculate a global array
Self-explanatory.

Fix ave/histo compute does not calculate a global scalar
Self-explanatory.

Fix ave/histo compute does not calculate a global vector
Self-explanatory.

Fix ave/histo compute does not calculate a local array
Self-explanatory.

Fix ave/histo compute does not calculate a local vector
Self-explanatory.

Fix ave/histo compute does not calculate a per-atom array
Self-explanatory.

Fix ave/histo compute does not calculate a per-atom vector
Self-explanatory.

Fix ave/histo compute does not calculate local values
Self-explanatory.

Fix ave/histo compute does not calculate per-atom values
Self-explanatory.

Fix ave/histo compute vector is accessed out-of-range
Self-explanatory.

Fix ave/histo fix array is accessed out-of-range
Self-explanatory.

Fix ave/histo fix does not calculate a global array
Self-explanatory.

Fix ave/histo fix does not calculate a global scalar
Self-explanatory.

Fix ave/histo fix does not calculate a global vector
Self-explanatory.

Fix ave/histo fix does not calculate a local array
Self-explanatory.

Fix ave/histo fix does not calculate a local vector
Self-explanatory.

Fix ave/histo fix does not calculate a per-atom array
Self-explanatory.
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Fix ave/histo fix does not calculate a per-atom vector
Self-explanatory.
Fix ave/histo fix does not calculate local values
Self-explanatory.
Fix ave/histo fix does not calculate per-atom values
Self-explanatory.
Fix ave/histo fix vector is accessed out-of-range
Self-explanatory.
Fix ave/histo input is invalid compute
Self-explanatory.
Fix ave/histo input is invalid fix
Self-explanatory.
Fix ave/histo input is invalid variable
Self-explanatory.
Fix ave/histo inputs are not all global, peratom, or local
All inputs in a single fix ave/histo command must be of the same style.
Fix ave/spatial compute does not calculate a per-atom array
Self-explanatory.
Fix ave/spatial compute does not calculate a per-atom vector
A compute used by fix ave/spatial must generate per-atom values.
Fix ave/spatial compute does not calculate per-atom values
A compute used by fix ave/spatial must generate per-atom values.
Fix ave/spatial compute vector is accessed out-of-range
The index for the vector is out of bounds.
Fix ave/spatial fix does not calculate a per-atom array
Self-explanatory.
Fix ave/spatial fix does not calculate a per-atom vector
A fix used by fix ave/spatial must generate per-atom values.
Fix ave/spatial fix does not calculate per-atom values
A fix used by fix ave/spatial must generate per-atom values.
Fix ave/spatial fix vector is accessed out-of-range
The index for the vector is out of bounds.
Fix ave/spatial for triclinic boxes requires units reduced
Self-explanatory.
Fix ave/spatial settings invalid with changing box
If the ave setting is "running" or "window" and the box size/shape changes during the simulation, then
the units setting must be "reduced", else the number of bins may change.
Fix ave/spatial variable is not atom-style variable
A variable used by fix ave/spatial must generate per-atom values.
Fix ave/time cannot set output array intensive/extensive from these inputs
One of more of the vector inputs has individual elements which are flagged as intensive or extensive.
Such an input cannot be flagged as all intensive/extensive when turned into an array by fix ave/time.
Fix ave/time cannot use variable with vector mode
Variables produce scalar values.
Fix ave/time columns are inconsistent lengths
Self-explanatory.
Fix ave/time compute array is accessed out-of-range
An index for the array is out of bounds.
Fix ave/time compute does not calculate a scalar
Self-explantory.
Fix ave/time compute does not calculate a vector
Self-explantory.
Fix ave/time compute does not calculate an array
Self-explanatory.
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Fix ave/time compute vector is accessed out-of-range
The index for the vector is out of bounds.
Fix ave/time fix array is accessed out-of-range
An index for the array is out of bounds.
Fix ave/time fix does not calculate a scalar
Self-explanatory.
Fix ave/time fix does not calculate a vector
Self-explanatory.
Fix ave/time fix does not calculate an array
Self-explanatory.
Fix ave/time fix vector is accessed out-of-range
The index for the vector is out of bounds.
Fix ave/time variable is not equal-style variable
Self-explanatory.
Fix balance string is invalid
The string can only contain the characters "x", "y", or "z".
Fix balance string is invalid for 2d simulation
The string cannot contain the letter "z".
Fix bond/break requires special_bonds = 0,1,1
This is a restriction of the current fix bond/break implementation.
Fix bond/create cutoff is longer than pairwise cutoff
This is not allowed because bond creation is done using the pairwise neighbor list.
Fix bond/create requires special_bonds coul = 0,1,1
Self-explanatory.
Fix bond/create requires special_bonds [j = 0,1,1
Self-explanatory.
Fix bond/swap cannot use dihedral or improper styles
These styles cannot be defined when using this fix.
Fix bond/swap requires pair and bond styles
Self-explanatory.
Fix bond/swap requires special_bonds = 0,1,1
Self-explanatory.
Fix box/relax generated negative box length
The pressure being applied is likely too large. Try applying it incrementally, to build to the high
pressure.
Fix command before simulation box is defined
The fix command cannot be used before a read_data, read_restart, or create_box command.
Fix deform cannot use yz variable with xy
The yz setting cannot be a variable if Xy deformation is also specified. This is because LAMMPS
cannot determine if the yz setting will induce a box flip which would be invalid if xy is also changing.
Fix deform is changing yz too much with xy
When both yz and xy are changing, it induces changes in xz if the box must flip from one tilt extreme
to another. Thus it is not allowed for yz to grow so much that a flip is induced.
Fix deform tilt factors require triclinic box
Cannot deform the tilt factors of a simulation box unless it is a triclinic (non-orthogonal) box.
Fix deform volume setting is invalid
Cannot use volume style unless other dimensions are being controlled.
Fix deposit region cannot be dynamic
Only static regions can be used with fix deposit.
Fix deposit region does not support a bounding box
Not all regions represent bounded volumes. You cannot use such a region with the fix deposit
command.
Fix efield requires atom attribute g
Self-explanatory.
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Fix evaporate molecule requires atom attribute molecule
The atom style being used does not define a molecule ID.
Fix external callback function not set
This must be done by an external program in order to use this fix.
Fix for fix ave/atom not computed at compatible time
Fixes generate their values on specific timesteps. Fix ave/atom is requesting a value on a non-allowed
timestep.
Fix for fix ave/correlate not computed at compatible time
Fixes generate their values on specific timesteps. Fix ave/correlate is requesting a value on a
non-allowed timestep.
Fix for fix ave/histo not computed at compatible time
Fixes generate their values on specific timesteps. Fix ave/histo is requesting a value on a non-allowed
timestep.
Fix for fix ave/spatial not computed at compatible time
Fixes generate their values on specific timesteps. Fix ave/spatial is requesting a value on a
non-allowed timestep.
Fix for fix ave/time not computed at compatible time
Fixes generate their values on specific timesteps. Fix ave/time is requesting a value on a non-allowed
timestep.
Fix for fix store/state not computed at compatible time
Fixes generate their values on specific timesteps. Fix store/state is requesting a value on a
non-allowed timestep.
Fix freeze requires atom attribute torque
The atom style defined does not have this attribute.
Fix heat group has no atoms
Self-explanatory.
Fix heat kinetic energy went negative
This will cause the velocity rescaling about to be performed by fix heat to be invalid.
Fix in variable not computed at compatible time
Fixes generate their values on specific timesteps. The variable is requesting the values on a
non-allowed timestep.
Fix langevin angmom requires atom style ellipsoid
Self-explanatory.
Fix langevin angmom requires extended particles
This fix option cannot be used with point paritlces.
Fix langevin omega requires atom style sphere
Self-explanatory.
Fix langevin omega requires extended particles
One of the particles has radius 0.0.
Fix langevin period must be > 0.0
The time window for temperature relaxation must be > 0
Fix langevin variable returned negative temperature
Self-explanatory.
Fix momentum group has no atoms
Self-explanatory.
Fix move cannot define z or vz variable for 2d problem
Self-explanatory.
Fix move cannot have 0 length rotation vector
Self-explanatory.
Fix move cannot rotate aroung non z-axis for 2d problem
Self-explanatory