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1 About LAMMPS-GUI

LAMMPS-GUI is a graphical text editor with syntax highlighting, auto-completion, inline help, and indentation sup-
port for LAMMPS input files. It is programmed using the Qt Framework and customized for running, monitoring,
and visualizing LAMMPS simulations. It calls LAMMPS directly using the LAMMPS library interface instead of
launching an external LAMMPS executable. Therefore it can retrieve and display information from LAMMPS while
it is running and immediately display visualizations created by a dump image command in the input.

The primary motivation for implementing LAMMPS-GUI is to facilitate teaching LAMMPS to beginners using only
LAMMPS-GUI and to have a consistent behavior across major platforms like Linux, macOS, and Windows. This way
one can focus on teaching LAMMPS and avoid having to spent time explaining different tools (for editing inputs, plot-
ting graphs, visualizing systems) on the different platforms. Also, LAMMPS-GUI is fully integrated with a collection
of LAMMPS tutorials.

Many of the features in LAMMPS-GUI are useful beyond working on tutorials. For instance, it can streamline the
process of prototyping new simulation projects or debugging misbehaving simulations.

LAMMPS-GUI is Copyright (c) 2023 - 2026, Axel Kohlmeyer, and distributed under the terms of the GNU public
license version 2.0 or later (GPL-2.0-or-later).

2 About this document

This document contains the documentation of LAMMPS-GUI and how to compile, install, use, configure, and modify
it. Suggestions for new features and reports of bugs are always welcome. You can use the the same channels as for
LAMMPS itself for that purpose or submit bug reports or pull requests in the LAMMPS-GUI GitHub repository

This document describes LAMMPS-GUI version 1.9.1.

3 Citing LAMMPS-GUI

There is currently no citation specifically describing LAMMPS-GUI, but an introduction to LAMMPS-GUI is included
in the following publication in LiveCoMS for the LAMMPS tutorials that are linked from LAMMPS-GUI, so the
suggestion is to cite that publication for now:

Gravelle, S., Alvares, C. M. S., Gissinger, J. R., & Kohlmeyer, A. (2025). A Set of Tutorials for the
LAMMPS Simulation Package [Article v1.0]. Living Journal of Computational Molecular Science, 6(1),
3027. https://doi.org/10.33011/livecoms.6.1.3037

or in BibTeX format:

@article{lammps_tutorials_2025,

author={Gravelle, Simon and Alvares, Cecilia M. S. and Gissinger, Jacob R. and.
—Kohlmeyer, Axel},

title={A Set of Tutorials for the {LAMMPS} Simulation Package [Article v1.0]},

journal={Living Journal of Computational Molecular Science},

pages={3027},

volume={6},

number={1},

year={2025},

month={Sep.},

(continues on next page)



https://www.lammps.org/
https://www.qt.io/
https://docs.lammps.org/Library.html#lammps-c-library-api
https://lammpstutorials.github.io
https://lammpstutorials.github.io
https://docs.lammps.org/Errors_bugs.html
https://docs.lammps.org/Errors_bugs.html
https://github.com/akohlmey/lammps-gui
https://doi.org/10.33011/livecoms.6.1.3037

(continued from previous page)

url={https://livecomsjournal.org/index.php/livecoms/article/view/v6ile3037},
DOI={10.33011/1livecoms.6.1.3037}
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4 User's Guide

4.1 Installation

LAMMPS-GUI is distributed as source code on GitHub and can be compiled as part of compiling LAMMPS, where it
will be linked to the corresponding version of LAMMPS directly. Pre-compiled packages of LAMMPS with LAMMPS-
GUI included are available for download (see below).

LAMMPS-GUI can also be compiled as a standalone package and load the LAMMPS library dynamically at runtime.
This enables using LAMMPS-GUI with customized, patched, or extended LAMMPS versions containing features not
available in the official LAMMPS distribution packages. It also allows to use LAMMPS-GUI with LAMMPS shared
libraries compiled using the traditional makefile based build process (which does not support compiling LAMMPS-
GUI directly). Pre-compiled packages of standalone LAMMPS-GUI versions with some basic LAMMPS shared library
included are also available for download (see below).

Prerequisites and portability

LAMMPS-GUI is programmed in C++ based on the C++17 standard and using the Qt GUI framework. Currently, Qt
version 5.15LTS or later is required; support for Qt version 6.x is available, too. When compiled With Qt version 6.x,
LAMMPS-GUI can switch between a "light" and a "dark" theme according to the settings of the desktop environment.
Otherwise, there are no changes in functionality between using either major version of Qt. Building LAMMPS-GUI
requires CMake version 3.20 or later.

©® LAMMPS-GUI 1.9.0 has been successfully compiled and tested on

e Ubuntu Linux 22.04LTS x86_64 using GCC 11, Qt version 5.15

* Fedora Linux 41 x86_64 using GCC 14 and Clang 17, Qt version 5.15

 Fedora Linux 43 x86_64 using GCC 15, Qt version 6.10

* Apple macOS 12 (Monterey) and macOS 13 (Ventura) with Xcode on arm64 and x86_64, Qt version 5.15
* Windows 10 and 11 x86_64 with Visual Studio 2022 and Visual C++ 14.36, Qt version 5.15

¢ Windows 10 and 11 x86_64 with Visual Studio 2022 and Visual C++ 14.40, Qt version 6.7

* Windows 10 and 11 x86_64 with MinGW / GCC 15.2 cross-compiler on Fedora 43, Qt version 6.10

Pre-compiled executables

Packages including a full LAMMPS version

For many users and especially for beginners learning to use LAMMPS, it is most convenient to install and use one of
the pre-compiled packages that include both, LAMMPS-GUI and the command-line version of LAMMPS. In these
packages LAMMPS-GUI is linked directly to the included LAMMPS library and thus it cannot be changed in the
LAMMPS-GUI perferences dialog. Such pre-compiled LAMMPS executable packages are available for download for
Linux x86_64 (Ubuntu 22.04LTS or later and compatible), macOS (version 11 aka Big Sur or later), and Windows
(version 10 or later) from the LAMMPS releases page on GitHub. A backup download location is at https://download.
lammps.org/static/ but may not always be up-to-date. Occasionally, also test version packages previewing recently
added features are available at https://download.lammps.org/testing/ .


https://github.com/akohlmey/lammps-gui
https://www.qt.io/product/framework
https://github.com/lammps/lammps/releases/
https://download.lammps.org/static/
https://download.lammps.org/static/
https://download.lammps.org/testing/

Standalone packages with a basic LAMMPS library

LAMMPS-GUI packages containing only LAMMPS-GUI compiled in plugin mode are available from the LAMMPS-
GUI releases page on GitHub. These packages include a LAMMPS shared library with some subset of LAMMPS'
features that do not depend on additional libraries.

If you want to override that choice of LAMMPS library, you can use the -p command line flag to tell LAMMPS-GUI
which other LAMMPS shared library file you want it to load. By using -p "" you can also reset any previous choice
and thus trigger loading the default library again. Once LAMMPS-GUI is running, you can also change the path to the
LAMMPS shared library from the Preferences dialog.

As of LAMMPS-GUI version 1.9.0 and since LAMMPS-GUI version 1.8.4, the minimum LAMMPS version required
is 22 July 2025 update 2.

GPU support and MPI parallelization

The pre-compiled packages include support for GPUs through the GPU package with OpenCL (in mixed precision).
However, this requires that you have a compatible driver and the OpenCL runtime installed. This is not always available
and when using the flatpak bundle, the flatpak sandbox usually prevents accessing the GPU. GPU support through
the KOKKOS package is currently not available for technical reasons, but serial and OpenMP multi-threading use of
KOKKOS is available.

The design decisions for LAMMPS-GUI and how it launches LAMMPS conflict with parallel runs using MPI. You have
to use a regular LAMMPS executable compiled with MPI support for that. For the use cases that LAMMPS-GUI has
been conceived for (learning LAMMPS, testing or debugging LAMMPS inputs, prototyping new projects or complex
workflows), this is not a significant limitation. Many supercomputing centers and high-performance computing clusters
have parallel LAMMPS pre-installed.

Platform notes

Windows 10 and later

Downloads

LAMMPS-Win10-64bit-GUI-testing.exe isn't commonly

Make sure you trust LAMMPS-
Win10-64bit-GUI-testing.exe
before you open it

Microsoft Defender SmartScreen couldn't verfy
if this file is safe because it isn't commonly
downloaded. Make sure you trust the file you're
downloading or its source before you open it

Name: LAMMPS-Win10-64bit-GUI-testing.exe
Publisher: Unknown

Showless
Keep anyway
Report this app as safe

Learn more



https://github.com/akohlmey/lammps-gui/releases
https://github.com/akohlmey/lammps-gui/releases
https://docs.lammps.org/Run_basics.html

After downloading either the LAMMPS-Win10-64bit-GUI-<LAMMPS version>.exe or the
LAMMPS-GUI-Winl10-x86_64-<LAMMPS-GUI version>.exe installer package, you need to execute it, and
start the installation process. Depending on your security settings of your web browser, you may have to explicitly tell
it to download the file and then confirm twice to keep the downloaded file despite the claims that it may be dangerous
and insecure. Since the installer packages are currently not cryptographically signed, you may also have to enable
"Developer Mode" in the Windows System Settings to be able to run the installer.

Downloads

LAMMPS-Win10-64bit-GUI-testing
downloaded. M. -
B4bit-GUI-testing.ex @ Delete

See more Keep

Report this file as safe

Learn more

& Copy download link

MacOS 11 and later

After downloading the LAMMPS-macOS-multiarch-GUI-<LAMMPS version>.dmg or
LAMMPS-GUI-multiarch-<LAMMPS-GUI version>.dmg application bundle disk image, you need to double-
click it and then - in the window that opens - drag the app bundle as indicated into the "Applications" folder.
Afterwards, the disk image can be unmounted or ejected. Then follow the instructions in the "README.txt" file to
get access to the other included command-line executables, if desired.

[ ] < i Security & Privacy Q

’. ® 2} lammps-gui
General FileVault  Firewall Privacy

o Allow the apps below to access files and folders.
Input Monitoring

Large-scale Atomic/Molecular
Massively Parallel Simulator [ |

Full Disk Access

To install, drag LAMMPS_GUI to the Applications folder ... . iTerm
Network Volumes
—_— L3
e @ Screen Recording Downloads Folder
5 < Documents Folder
LAMMPS_GUI Applications Media & Apple Music Desktop Folder

& lammps-gui

HomeKit
... and then follow the instructions in the README.txt — Desktop Folder

il Terminal
file to make the command line tools available a Bluetooth ﬂ
® Downloads Folder

User Availability

README.txt EJ Automation

&5 Click the lock to make changes. ?

Linux on x86_64

For Linux with x86_64 CPU there are currently two variants of pre-compiled LAMMPS-GUI: 1) a tar file with binaries
and a wrapper script and 2) a flatpak bundle. The first is currently compiled on Ubuntu 22.04LTS (the oldest popular
Linux distribution that provides the required C++17 compatibility out of the box) and depends on the backward com-
patibility of the core libraries between different releases on Linux distributions, and should be compatible with most



recent Linux distributions. The second uses the flatpak sandbox environment to maintain binary compatibility across
platforms.

Linux binary tarball

After downloading and wunpacking the LAMMPS-Linux-x86_64-GUI-<LAMMPS version>.tar.gz or
the LAMMPS-GUI-Linux-x86_64-<LAMMPS-GUI version>.tar.gz package, you can switch into the
"LAMMPS_GUI" folder and execute "./lammps-gui" directly:

$ cd ~/Downloads

$ tar -xzvvf LAMMPS-Linux-x86_64-GUI-22Jul2025.tar.gz
$ cd LAMMPS_GUI
$ ./lammps-gui &

The LAMMPS_GUI folder may also be moved around and added to the PATH environment variable so the executables
will be found automatically.

p
© Installing required compatibility packages

Since software is constantly evolving, it may be required to install additional software packages for your Linux
distribution to achieve compatibility with binaries compiled on older distributions. For example the libraries
libxcb-xinput.so.0 and 1ibxcb-xinerama.so.® may be missing and you thus get the error

qt.gpa.plugin: Could not load the Qt platform plugin "xcb" in "" even though it was.
—found.

On Ubuntu 24.04 for example, those libraries are in the packages 1libxcb-xinput® and libxcb-xinerama®
which are not installed by default. Using the flatpak bundle (see below) avoids these kind of issues by compiling
and running the application in a standardized sandbox which is maintained by the flatpak software manager.

&

Linux flatpack bundle

The second Linux package variant uses flatpak and requires the flatpak management and runtime software to be in-

stalled. After downloading the LAMMPS-GUI-Linux-x86_64-GUI-<version>.flatpak flatpak bundle, you can in-
stall it with:

$ cd ~/Downloads
$ flatpak install --user LAMMPS-GUI-Linux-x86_64-GUI-<version>.flatpak
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After installation, LAMMPS-GUI should be integrated into your desktop environment under "Applications > Science"
but also can be launched from the console with flatpak run org.lammps.lammps-gui. The flatpak bundle also
includes the console LAMMPS executable 1mp which can be launched to run simulations with, for example with:


https://www.flatpak.org

[flatpak run --command=lmp org.lammps.lammps-gui -in in.melt

Other bundled command-line executables are run the same way and can be listed with:

[ls $(flatpak info --show-location org.lammps.lammps-gui )/files/bin }

Compilation from source

The source for LAMMPS-GUI was included with the LAMMPS source code distribution until LAMMPS version 22
July 2025 in the folder tools/lammps-gui. Starting with LAMMPS-GUI version 1.8.0 and LAMMPS version 10
September 2025 the LAMMPS-GUI sources are distributed separately through its own git repository at https://github.
com/akohlmey/lammps- gui.

LAMMPS-GUI can still be built as part of a regular LAMMPS compilation. It will be automatically downloaded from
its git repository and configured. This is usually the most convenient way. Since CMake is required to build LAMMPS-
GUI, you need to build LAMMPS with CMake as well. To enable its compilation during compiling LAMMPS, the
CMake variable -D BUILD_LAMMPS_GUI=on must be set when creating the CMake configuration. All other settings
(compiler, flags, compile type) for LAMMPS-GUI are then inherited from the regular LAMMPS build. If the Qt library
is installed as packaged for Linux distributions, then its location is typically auto-detected since the required CMake
configuration files are stored in a location where CMake can find them without additional help. Otherwise, the location
of the Qt library installation must be indicated by setting -D Qt5_DIR=/path/to/qt5/1ib/cmake/Qt5, which is a
path to a folder inside the Qt installation that contains the file Qt5Config. cmake. Similarly, for Qt6 the location of the
Qt library installation can be indicated by setting -D Qt6_DIR=/path/to/qt6/1ib/cmake/Qt6, if necessary. When
both, Qt5 and Qt6 are available, Qt6 will be preferred unless -D LAMMPS_GUI_USE_QT5=yes is set.

LAMMPS-GUI plugin version

It is possible to compile a standalone LAMMPS-GUI executable (e.g. when LAMMPS has been compiled with tra-
ditional make). Rather than linking to the LAMMPS library during compilation, it includes a plugin loader that
will load a LAMMPS shared library file dynamically at runtime during the start of the GUI; e.g. liblammps.so.
® or 1iblammps.®.dylib or 1liblammps.dll (depending on the operating system). This has the advantage that the
LAMMPS library can be built from updated or modified LAMMPS source without having to (re-)compile the GUI.

The ABI of the LAMMPS C-library interface is very stable and generally backward compatible. However, features
used in LAMMPS-GUI may require a minimum LAMMPS version of the library. LAMMPS-GUI will print a suitable
error message and exit if an incompatible LAMMPS library is loaded. You can override the path to the LAMMPS
library with the -p <path> or --pluginpath <path> command-line flag. This is usually auto-detected on the first
run and can be changed in the LAMMPS-GUI Preferences dialog. The command-line flag allows to reset this path to a
valid value in case the original setting has become invalid. An empty path ("") as argument restores the default setting.

It is also possible to link the standalone compiled LAMMPS-GUI version to the LAMMPS library directly. This feature
is enabled by setting -D LAMMPS_GUI_USE_PLUGIN=off (default setting is on). This is also the setting for compilation
within LAMMPS. In this case, the CMake configuration needs to be told where to find the LAMMPS headers and the
LAMMPS library, via -D LAMMPS_SOURCE_DIR=/path/to/lammps/src.

Platform notes
macOS

When building on macOS, the build procedure will try to manufacture a drag-n-drop installer,
LAMMPS-GUI-macOS-multiarch-<version>.dmg, when using the 'dmg' target (i.e. cmake --build <build
dir> --target dmg or make dmg.


https://github.com/akohlmey/lammps-gui
https://github.com/akohlmey/lammps-gui
https://docs.lammps.org/Howto_cmake.html
https://github.com/akohlmey/lammps-gui/tree/main/plugin

To build multi-arch executables that will run on both, arm64 and x86_64 architectures natively, it is necessary to set
the CMake variable -D CMAKE_OSX_ARCHITECTURES=arm64;x86_64. To achieve wide compatibility with different
macOS versions, you can also set -D CMAKE_OSX_DEPLOYMENT_TARGET=11.0 which will set compatibility to macOS
11 (Big Sur) and later, even if you are compiling on a more recent macOS version.

Windows

On Windows either native compilation from within Visual Studio 2022 with Visual C++ is supported and tested, or
compilation with the MinGW / GCC cross-compiler environment on Fedora Linux.

Visual Studio

Using CMake and Ninja as build system are required. Qt needs to be installed, tested was a binary Qt package down-
loaded from https://www.qt.io, which installs into the C:\\Qt folder by default. There is a custom x64-GUI-MSVC
build configuration provided in the CMakeSettings. json file that Visual Studio uses to store different compilation
settings for project. Choosing this configuration will activate building the lammps-gui.exe executable in addition to
LAMMPS through importing package selection from the windows . cmake preset file and enabling building LAMMPS-
GUI and disabling building with MPI. When requesting an installation from the Build menu in Visual Studio, it will cre-
ate a compressed LAMMPS-GUI-Winl0®-amd64.zip zip file with the executables and required dependent .dll files. This
zip file can be uncompressed and lammps-gui . exe run directly from there. The uncompressed folder can be added
to the PATH environment and LAMMPS and LAMMPS-GUI can be launched from anywhere from the command-line.

MinGW64 Cross-compiler

The standard CMake build procedure for cross-compilation can be applied. By using the mingw64-cmake wrapper
the CMake configuration will automatically include a suitable CMake toolchain file (the regular cmake command can
be used after that to modify the configuration settings, if needed). After building the libraries and executables, you
can build the target 'nsis' (i.e. cmake --build <build dir> --target nsis or make nsis to build an Nullsoft
installer package executable that can be executed on a Windows 10 or later machine with x86_64 CPU and will then
install LAMMPS-GUI including a basic LAMMPS shared library file and all required dependencies.

Linux

Binary tarball package

Version 5.15 or later of the Qt library is required. Those are provided by, e.g., Ubuntu 22.04LTS or later. Thus
older Linux distributions are not likely to be supported, while more recent ones will work, even for pre-compiled
executables (see above). After compiling with cmake --build <build folder>, use cmake --build <build
folder> --target tgz or make tgz to build a LAMMPS-Linux-amd64.tar.gz file with the executables and their
support libraries.

Flatpak bundle

It is also possible to build a flatpak bundle which is a way to distribute applications in a way that is compatible with
most Linux distributions (provided the flatpak system is installed). Use the "flatpak” target to trigger a compile (cmake
--build <build folder> --target flatpak or make flatpak). Please note that this will not build from the
local sources but from the repository and branch listed in the org.lammps.lammps-gui.yml LAMMPS-GUI source
folder. Flatpak builds are currently only supported when building LAMMPS-GUI from within LAMMPS due to re-
strictions imposed by the flatpak sandbox.

4.2 Overview

LAMMPS-GUTI is a graphical text editor customized for editing LAMMPS input files that are linked to the LAMMPS
C-library and thus can run LAMMPS directly using the contents of the editor's text buffer as input. It can retrieve
and display information from LAMMPS while it is running, display visualizations created with the dump image com-
mand, and is adapted specifically for editing LAMMPS input files through syntax highlighting, text completion, and
reformatting, and linking to the online LAMMPS documentation for known LAMMPS commands and styles.
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https://www.qt.io
https://docs.flatpak.org/en/latest/single-file-bundles.html
https://docs.lammps.org/Library.html#lammps-c-library-api
https://docs.lammps.org/Library.html#lammps-c-library-api
https://docs.lammps.org/dump_image.html
https://docs.lammps.org/dump_image.html

LAMMPS-GUI aims to support a workflow similar to the traditional experience of running LAMMPS using a text
editor, a command-line window, launching the LAMMPS text-mode executable printing output to the screen, and post-
processing and visualizing LAMMPS' output but just integrated into a single application.

LAMMPS-GUI integrates well with graphical desktop environments where the ./mp filename extension can be reg-
istered with LAMMPS-GUI as the executable to launch when double clicking on such files using a file manager.
LAMMPS-GUI will launch and read the file into its buffer. Input files can also be dropped into the editor window
of the running LAMMPS-GUI application, which will close the current file and open the new file.

LAMMPS-GUI makes it easier for beginners to get started running LAMMPS and is well-suited for LAMMPS tutorials,
since you only need to work with a single, ready-to-use program for most of the tasks. Plus it is available for download
as pre-compiled package for popular operating systems (Linux, macOS, Windows). This saves time and allows users to
focus on learning LAMMPS itself, without the need to learn how to compile LAMMPS, learn how to use the command
line, or learn how to use a separate text editor, plotting or visualization program.

The tutorials at https://lammpstutorials.github.io/ are specifically updated for use with LAMMPS-GUI and their tutorial
materials can be downloaded and edited directly from within the GUI while automatically loading the matching tutorial
instructions into a web browser.

While making it easy for beginners to start with LAMMPS, it is also the expectation that LAMMPS-GUI users will
eventually transition to workflows that most experienced LAMMPS users employ. That traditional procedure is effective
for people proficient in using the command-line, as it allows them to use the tools for the individual steps that they are
most comfortable with. In fact, it is often required to adopt this workflow when running LAMMPS simulations on
high-performance computing facilities.

DY
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Most features in LAMMPS-GUI have been exposed to keyboard shortcuts, so that there is also appeal for experienced
LAMMPS users for prototyping and testing simulation setups.
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https://lammpstutorials.github.io/

© Features

A detailed discussion and explanation of all features and functionality are in the following pages. Here are a few
highlights of LAMMPS-GUI:

* Text editor with line numbers and syntax highlighting customized for LAMMPS

* Text editor features command completion and indentation for known commands and styles
 Text editor will switch its working directory to folder of file in buffer

* Indicator for currently executed command

* Indicator for line that caused an error

 Progress bar indicates how far a run command is completed and how CPUs are utilized

* Context-sensitive help for LAMMPS commands via the online documentation

* Auto-adapting to features and packages available in the LAMMPS library in use

* LAMMPS is running in a concurrent thread, so the GUI remains responsive

* LAMMPS can be started and stopped with a mouse click or a hotkey

 Screen output is captured in an Output Window

* Many adjustable settings and preferences that are persistent including the 5 most recent files
* Thermodynamic output is captured and displayed as line graph in a Chart Window

* Interactive visualization of current state via calling write_dump image

* Capture of images created by dump image in Slide show window

* Dialog to set variables, similar to the LAMMPS command-line flag '-v' / '-var'

* Support for GPU, INTEL, KOKKOS/OpenMP, OPENMP, and OPT accelerator packages
* Inspection of binary restart files created by LAMMPS

¢ Integration with LAMMPS tutorials

4.3 Basic usage of LAMMPS-GUI

When LAMMPS-GUI starts, it shows the main window, labeled Edifor, with either an empty buffer or the contents of
the file used as argument. In the latter case it may look like the following:

L "TAMMPS-GUI - Editor - in.rhodo.scaled - *modified* BICKAR . "TAMMPS-GUI - Editor - in.rhodo.scaled - rmodified®

File Edit Run View Tutorials About Eile Edit Run View Tutorials About

15 improper_style harmonic = harmonic

16 pair_style 1j/charmm/coul/long 8.0 10.0 1j/charmm/coul/long

17 pair_modify mix arithmetic arithmetic

18 kspace_style  pppm le-4 pppm

19

20 read_data data. rhodo read_data

21 21

22 replicate $x $y $z 2 replicate $x $y $z

23 3]

24 fix 1 all shake 0.0001 5 6 m 1.0 a 232 shake L a
25 fix 2 all npt temp 300.0 300.0 100.0 & npt temp

26 z 0.0 0.0 1000.0 mtk no pchain @ tchain 1 z mtk no pchain tchain
27

28 special_bonds  charmm special_bonds charmm

29

30 thermo 50 thermo

31 thermo_style  multi thermo_style

32 timestep 2.0 2 timestep

34 run 100 run |

HB # | @/ @] # Ready. Directory: /home/akohimey/compile/lammps/bench ® S ¥ Ready. Directory: /home/akohimey/compile/lammps/bench

There is the typical menu bar at the top, then the main editor buffer, and a status bar at the bottom. The input file
contents are shown with line numbers on the left and the input is colored according to the LAMMPS input file syntax.
The status bar shows the status of LAMMPS execution on the left (e.g. "Ready." when idle) and the current working
directory on the right. The name of the current file in the buffer is shown in the window title; the word *modified*
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is added if the buffer edits have not yet saved to a file. The geometry of the main window is stored when exiting and
restored when starting again.

Opening and saving files

The LAMMPS-GUI application can be launched without command-line arguments and then starts with an empty bufter
in the Editor window. If arguments are given LAMMPS will use first command-line argument as the file name for the
Editor buffer and reads its contents into the buffer, if the file exists. All further arguments are ignored. Files can also
be opened via the File menu, the Ctrl-O (Command-O on macOS) keyboard shortcut or by drag-and-drop of a file from
a graphical file manager into the editor window. If a file extension (e.g. .1mp) has been registered with the graphical
environment to launch LAMMPS-GUI, an existing input file can be launched with LAMMPS-GUI through double
clicking.

Only one file can be edited at a time, so opening a new file with a file already loaded into the buffer closes that buffer.
If the buffer has unsaved modifications, you are asked to either cancel the operation, discard the changes, or save them.
A buffer with modifications can be saved any time from the "File" menu, by the keyboard shortcut Ctri-S (Command-S
on macOS), or by clicking on the "Save" button at the very left in the status bar.

Running LAMMPS

From within the LAMMPS-GUI main window LAMMPS can be started either from the Run menu using the Run
LAMMPS from Editor Buffer entry, by the keyboard shortcut Ctri-Enter (Command-Enter on macOS), or by clicking
on the green "Run" button in the status bar. All of these operations cause LAMMPS to process the entire input script
in the editor buffer, which may contain multiple run or minimize commands.

LAMMPS runs in a separate thread, so the GUI stays responsive and is able to interact with the running calculation and
access data it produces. It is important to note that running LAMMPS this way is using the contents of the input buffer
for the run (via the lammps_commands_string function of the LAMMPS C-library interface), and not the original file
it was read from. Thus, if there are unsaved changes in the buffer, they will be used. As an alternative, it is also possible
to run LAMMPS by reading the contents of a file from the Run LAMMPS from File menu entry or with Ctrl-Shift-Enter.
This option may be required in some rare cases where the input uses some functionality that is not compatible with
running LAMMPS from a string buffer. For consistency, any unsaved changes in the buffer must be either saved to the
file or undone before LAMMPS can be run from a file.

The line number of the currently executed command is highlighted in green in the line number display for the Editor
Window.

23 thermo 50

24 thermo style multi

25 timestep 2.0

26

=¥E run 1000

28

B ol @| = [EEAG Running LAMMPS with 4 thread(s).. 8%

While LAMMPS is running, the contents of the status bar change. The text fields that normally show "Ready." and the
current working directory, change into an area showing the CPU utilization in percent. Next to it is a text indicating
that LAMMPS is running, which also indicates the number of active threads (in case thread-parallel acceleration was
selected in the Preferences dialog). On the right side, a progress bar is shown that displays the estimated progress for
the current run or minimize command.

© CPU Utilization
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L Warning: High 1I/O Buffer Usage X

The 1/O buffer for capturing the LAMMPS screen
8 output was used by up to 42%.

This can slow down the simulation.

Please consider reducing the amount of output to
the screen, for example by increasing the thermo
interval in the input from 50 to 105, or reducing
the data update interval in the preferences from
100 to 20, or something similar.

. OK |

The CPU Utilization should ideally be close to 100% times the number of threads like in the screenshot image
above. Since the GUI is running as a separate thread, the CPU utilization may be higher, for example when the
GUI needs to work hard to keep up with the output produced by the simulation; for example when there is frequent
thermo output or the simulation run very fast. In the Preferences dialog, the polling interval for updating the Output
and Charts windows can be adjusted. The intervals may need to be lowered to not miss data between Charts data
updates or to avoid stalling when the thermo output is not transferred to the Output window fast enough. You could
also make LAMMPS run slower by reducing or turning off thread parallelization. It is also possible to reduce the
amount of data by increasing the thermo interval. LAMMPS-GUI detects if the associated I/O buffer is significantly
full, and will print a warning after the run with suggested adjustments. The CPU utilization can also be lower than
expected, when some significant parts of the code paths in use are not multi-threaded, when the simulation is slowed
down by the GUI or other processes also running on the host computer and competing with LAMMPS-GUI for
resources.

If an error occurs (in the example below the command label was incorrectly capitalized as "Label"), an error message
dialog is shown and the line of the input which triggered the error is highlighted in red. The state of LAMMPS in the
status bar is set to "Failed." instead of "Ready."

50 variable outer loop 2 <

Eeras Label loop again

54 || + LAMMPS-GUI Error x
55

56 e Error running LAMMPS:

57

58 ERROR: Unknown command: Label loop_again (src/

59 input.cpp:406)

60

0 &OK
63 Somp——ccr—rur—ogozm

64

© Up to three additional windows may open during a run
* An Output window with the captured screen output from LAMMPS
* A Charts window with a line graph created from thermodynamic output of the run

* A Slide Show window with images created by a dump image command in the input

More information on those windows and how to adjust their behavior and contents is given in the next pages.
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An active LAMMPS run can be stopped cleanly by using either the Stop LAMMPS entry in the Run menu, the key-
board shortcut Ctrl-/ (Command-/ on macOS), or by clicking on the red button in the status bar. This will cause the
running LAMMPS process to complete the current timestep (or iteration for energy minimization) and then complete
the processing of the buffer while skipping all run or minimize commands. This is equivalent to the input script com-
mand timer timeout O and is implemented by calling the lammps_force_timeout function of the LAMMPS C-library
interface. Please see the corresponding documentation pages to understand the implications of this operation.

4.4 Monitoring LAMMPS output
Output Window

L LAMMPS-GUI - Output - in.peptide - Run 1 2@ &
Histogram: 1 @ 0 0 0 0 0000 =

Total # of neighbors = 707675
Ave neighs/atom = 353.13124
Ave special neighs/atom = 2.3403194
Neighbor list builds = 25
Dangerous builds = @
WARNING: No fixes with time integration, atoms won't move (src/verlet.cpp:60)
PPPM initialization ...
using 12-bit tables for long-range coulomb (src/kspace.cpp:342)
G vector (1l/distance) = 0.26872464
grid = 15 15 15
stencil order = 5
estimated absolute RMS
estimated relative forc| 2 Warnings/ Errors - 259 Lines | &
using double precision rrmws -

By default, when starting a run, an Output window opens that displays the screen output of the running LAMMPS
calculation, as shown below. This text would normally be seen in the command-line window.

LAMMPS-GUI captures the screen output from LAMMPS as it is generated and updates the Ouzput window regularly
during arun. If there are any warnings or errors in the LAMMPS output, they are highlighted by using bold text colored
in red. There is a small panel at the bottom center of the Output window showing how many warnings and errors were
detected and how many lines the entire output has. By clicking on the button on the right with the warning symbol
or by using the keyboard shortcut Ctrl-N (Command-N on macOS), you can jump to the next line with a warning or
error. If there is a URL pointing to additional explanations in the online manual, that URL will be highlighted and
double-clicking on it shall open the corresponding manual page in the web browser. The option is also available from
the context menu.

By default, the Output window is replaced each time a run is started. The runs are counted and the run number for the
current run is displayed in the window title. It is possible to change the behavior of LAMMPS-GUI in the preferences
dialog to create a new Output window for every run or to not show the current Ouzput window. It is also possible to
show or hide the current Output window from the View menu.

The text in the Output window is read-only and cannot be modified, but keyboard shortcuts to select and copy all or
parts of the text can be used to transfer text to another program. Also, the keyboard shortcut Ctrl-S (Command-S on
macOS) is available to save the Output buffer to a file. The "Select All" and "Copy" functions, as well as a "Save Log
to File" option are also available from a context menu by clicking with the right mouse button into the Ouzput window
text area.
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E + LAMMPS-GUI - Output - in.peptide - Run 4 - ox

pair build: half/bin/newton/omp =
stencil: half/bin/3d
bin: standard

Setting up Verlet run ... Copy Ctrl+C
Unit style : real -
Current step : 0 [ Select All Ctrl+A
Time step 1 2 . ) # Save Log to File ... Ctrl+S
Per MPI rank memory allocation (min/avg/max) = 20.53 & Export YAML Data to File ... Clrl+Y
keywords: ['Step', 'Temp', 'KinEng', 'PotEng', 'E bg * Close Window Crl+W |E vdwl', 'E coul', 'E long', 'Press', ]

data:

- [0, 282.100517152338, 1134.91858044227, -6372.37658331464, 16.5571515885154, 36.3726437795019, 15.5190409700817, 1.9425582994192, 692
- [58, 281.474495919503, 1132.40003444289, -6379.95369112145, 12.2118345801774, 31.736496666631, 18.8145192409897, 2.36114894708706, 65
- [1e0, 267.96631120891, 1078.05525701797, -6336.05317296746, 14.4828643403391, 43.442879640016, 15.2568788337647, 2.31603077256049, 70
- [150, 273.073704645273, 1098.6028113687, -6385.88266879168, 17.4924673607915, 32.859398391922, 15.1624166055951, 1.65216494618996, 73
- [200, 273.542143843817, 1100.48738909158, -6408.9340234281, 18.2714461318909, 33.3039882316148, 16.8150117349733, 2.60511553852469, 6
- [250, 266.235981111342, 1071.09396606448, -6365.25086612478, 14.2013219639755, 39.1996412555167, 19.4585225987093, 3.14872618285865,
- [300, 279.329828062675, 1123.77182126497, -6375.13548283591, 14.220626811503, 38.4274609738337, 18.1674089503932, 2.37336198954361, 7

.Lr.:uc.)p time of 1.51507 on 4 procs for 300 steps with 2004 atoms

‘ G

Should the Output window contain embedded YAML format text (see above for a demonstration), for example from
using thermo_style yaml or thermo_modify line yaml, the keyboard shortcut Ctrl-Y (Command-Y on macOS) is avail-
able to save only the YAML parts to a file. This option is also available from a context menu by clicking with the right
mouse button into the Output window text area.

Charts Window
Eile Title: Thermo: in.peptide Y-Axis: Press Data: Press
Units: real Norm: " X: Y: Plot: Both ~| Smooth: |10 I/ 4 [

Thermo: in.peptide
140.1

)
(LA M

-1192.7

Press

-1637.0,
2925 3931 4937 5943 6950

Time step

By default, when starting a run, a Charts window opens that displays a plot of thermodynamic output of the LAMMPS
calculation as shown below.

The "Data:" drop down menu on the top right allows selection of different properties that are computed and written as
thermodynamic output to the output window. Only one property can be shown at a time. The plots are updated regularly
with new data as the run progresses, so they can be used to visually monitor the evolution of available properties. The
update interval can be set in the Preferences dialog. By default, the raw data for the selected property is plotted as a
blue graph. From the "Plot:" drop menu on the second row and on the left, you can select whether to plot only raw data
graph, only a smoothed data graph, or both graphs on top of each other. The smoothing process uses a Savitzky-Golay
convolution filter. The convolution window width (left) and order (right) parameters can be set in the boxes next to the
drop down menu. Default settings are 10 and 4 which means that the smoothing window includes 10 points each to the
left and the right of the current data point for a total of 21 points and a fourth order polynomial is fitted to the data in
the window.

The "Title:" and "Y:" input boxes allow to edit the text shown as the plot title and the y-axis label, respectively. The
text entered in the "Title:" box is applied to all charts, while the "Y:" text changes only the y-axis label of the currently
selected plot.

The window title shows the current run number that this chart window corresponds to. Same as for the Output window,
the chart window is replaced on each new run, but the behavior can be changed in the Preferences dialog.
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From the File menu on the top left, it is possible to save an image of the currently displayed plot or export the data in
either plain text columns (for use by plotting tools like gnuplot or grace), as CSV data which can be imported for further
processing with Microsoft Excel, LibreOffice Calc, or with Python via pandas, or as YAML which can be imported
into Python with PyYAML or pandas.

Thermo output data from successive run commands in the input script is combined into a single data set unless the
format, number, or names of output columns are changed with a thermo_style or a thermo_modify command, or the
current time step is reset with reset_timestep, or if a clear command is issued. This is where the YAML export from
the Charts window differs from that of the Output window: here you get the compounded data set starting with the last
change of output fields or timestep setting, while the export from the log will contain all YAML output but segmented
into individual runs.

The Preferences dialog has a Charts tab, where you can configure multiple chart-related settings, like the default title,
colors for the graphs, default choice of the raw / smooth graph selection, and the default chart graph size.

© Slowdown of Simulations from Charts Data Processing

Using frequent thermo output during long simulations can result in a significant slowdown of that simulation since
it is accumulating many data points for each of the thermo properties in the chart window to be redrawn with
every update. The updates are consuming additional CPU time when smoothing enabled. This slowdown can be
confirmed when an increasing percentage of the total run time is spent in the "Output" or "Other" sections of the
MPI task timing breakdown. It is thus recommended to use a large enough value as argument N for the thermo
command and to select plotting only the "Raw" data in the Charts Window during such simulations. It is always
possible to switch between the different display styles for charts during the simulation and after it has finished.

Changed in version 1.7: As of LAMMPS-GUI version 1.7 the chart data processing is significantly optimized
compared to older versions of LAMMPS-GUI. The general problem of accumulating excessive amounts of data
and the overhead of too frequently polling LAMMPS for new data cannot be optimized away, though. If necessary,
the command line LAMMPS executable needs to be used and the output accumulated of a very fast disk (e.g. a
high-performance SSD).

Variable Info

a
Variable[ ©0]: outer, style = loop, def =1
Variable[ 1]: loop, style = loop, def = 3

During a run, it may be of interest to monitor the value of input script variables, for example to monitor the progress of
loops. This can be done by enabling the "Variables Window" in the View menu or by using the Ctri-Shift-W keyboard
shortcut. This shows info similar to the info variables command in a separate window as shown below.

Like for the Output and Charts windows, its content is continuously updated during a run. It will show "(none)" if
there are no variables defined. Note that it is also possible to set index style variables, that would normally be set via
command-line flags, via the "Set Variables..." dialog from the Run menu. LAMMPS-GUI automatically defines the
variable "gui_run" to the current value of the run counter. That way it is possible to automatically record a separate log
for each run attempt by using the command

[1og logfile-${gui_run}.txt J

at the beginning of an input file. That would record logs to files logfile-1.txt, logfile-2.txt, and so on for
successive runs.
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4.5 Visualization

Snapshot Image Viewer

By selecting the Create Image entry in the Run menu, or by hitting the Ctrl-I (Command-I on macOS) keyboard
shortcut, or by clicking on the "palette" button in the status bar of the Editor window, LAMMPS-GUI sends a custom
write_dump image command to LAMMPS and reads back the resulting snapshot image with the current state of the
system into an image viewer. This functionality is not available during an ongoing run. In case LAMMPS is not yet
initialized, LAMMPS-GUI tries to identify the line with the first run or minimize command and execute all commands
from the input buffer up to that line, and then executes a "run 0" command. This initializes the system so an image of
the initial state of the system can be rendered. If there was an error in that process, the snapshot image viewer does not
appear.

When possible, LAMMPS-GUI tries to detect which elements the atoms correspond to (via their mass) and then col-
orizes them in the image and sets their atom diameters accordingly. If this is not possible, for instance when using
reduced (= 'lj') units, then LAMMPS-GUI will check the current pair style and if it is a Lennard-Jones type potential,
it will extract the sigma parameter for each atom type and assign atom diameters from those numbers. For cases where
atom diameters are not auto-detected, the Atom size field can be edited and a suitable value set manually. The default
value is inferred from the x-direction lattice spacing. It is also possible to visualize regions and have bonds computed
dynamically for potentials, where the bonds are determined implicitly (like AIREBO. Please see the documentation of
the dump image command for more details on these two features.

If elements cannot be detected the default sequence of colors of the dump image command is assigned to the different
atom types.
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The default image size, some default image quality settings, the view style and some colors can be changed in the
Preferences dialog window. From the image viewer window further adjustments can be made: actual image size, high-
quality (SSAO) rendering, anti-aliasing, view style, display of box or axes, zoom factor. The view of the system can be
rotated horizontally and vertically.

It is also possible to display only the atoms within a group defined in the input script (default is "all"). The available
groups can be selected from the drop down list next to the "Group:" label. Similarly, if there are molecules defined
in the input, it is possible to select one of them (default is "none") and visualize it (it will be shown at the center of
the simulation box). While a molecule is selected, the group selection is disabled. It can be restored by selecting the
molecule "none".

The image can also be re-centered on the center of mass of the selected group. After each change, the image is rendered
again and the display updated. The small palette icon on the top left is colored while LAMMPS is running to render the
new image; it is grayed out when LAMMPS is finished. When there are many atoms to render and high quality images
with anti-aliasing are requested, re-rendering may take several seconds. From the File menu of the image window, the
current image can be saved to a file (keyboard shortcut Ctrl-S) or copied to the clipboard (keyboard shortcut Ctrl-C) for
pasting the image into another application. The file format of the saved image is inferred from the file name extension.
When the ImageMagick software is installed, file formats not supported by the Qt library are available by first writing
a temporary PNG format file which is then converted to the desired file format.

From the File menu it is also possible to copy the current dump image and dump_modify commands to the clipboard
so they can be pasted into a LAMMPS input file so that the visualization settings of the snapshot image can be repeated
for the entire simulation (and thus be repeated in the slide show viewer). This feature has the keyboard shortcut Ctrl-D.
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Global image settings

While some default settings for the image output can be configured in the "Snapshot Image" tab of the Preferences
dialog and more fine-grained configuration is possible when opening the "Global image settings" dialog by pressing on
the "Settings" button or using the Alz-S keyboard shortcut. Many global settings can be explicitly adjusted and applied.

i LAMMPS-GUI - Global image settings X
Global image settings:
Axes Location: ® Lower Left ) Lower Right ) Upper Left ) Upper Right ) Center
Length: 0.5 Diameter: 0.05 Tansparency: 1
v/ Box Color: silver Diameter: 0.025 Tansparency: 1
Subbox Diameter: 0.025
Background: Bottomcolor: black Topcolor: white
Quality: FSAA SSAO SSAOQ strength: 0.6 Shiny: 0.2
Center: X-direction: 0.5 Y-direction: 0.5 Z-direction: 0.5
Cancel | Apply |

Fig. 1: Detailed image settings dialog

Image Slide Show

By default, if the LAMMPS input contains a dump image command, a "Slide Show" window opens which loads and
displays the images created by LAMMPS as they are written. This is a convenient way to visually monitor the progress
of the simulation.

£ "LAMMPS-GUI - Slide Show - in.squares - Run 2 =

Image 4 /10 : myimage-000030000.png Close

The various buttons at the bottom right of the window allow single stepping through the sequence of images or playing
an animation (as a continuous loop or once from first to last). It is also possible to zoom in or zoom out of the displayed

19


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

images or rotate them in 90-degree increments or mirror them horizontally or vertically. This is useful when the
simulation images need to be adjusted for presentation purposes. If you are uncertain about the function of a specific
button, you can place the cursor on top of it and a descriptive tooltip should appear.

The button on the very left triggers an export of the slide show animation to a movie or animated GIF file, provided either
the FFmpeg program or the ImageMagick software is installed. The file name extension determines the file format.
The button next to it triggers exporting the current image to a file, which includes the applied transformations. Again,
the file format of the image is inferred from the file name extension. When the ImageMagick software is installed,
file formats not supported by the Qt library are available by first writing a temporary PNG format file which is then
converted to the desired file format.

When clicking on the "garbage can" icon, all image files of the slide show will be deleted. Since their number can be
large for long simulations, this option enables to safely and quickly clean up the clutter caused in the working directory
by those image files without risk of deleting other files by accident when using wildcards.

4.6 Editor Window

The Editor window of LAMMPS-GUI has most of the usual functionality that similar programs have: text selection via
mouse or with cursor moves while holding the Shift key, Cut (Ctrl-X), Copy (Ctrl-C), Paste (Ctrl-V), Undo (Ctrl-Z),
Redo (Ctrl-Shift-Z), Select All (Ctrl-A). When trying to exit the editor with a modified buffer, a dialog will pop up
asking whether to cancel the exit operation, or to save or not save the buffer contents to a file.

The editor has an auto-save mode that can be enabled or disabled in the Preferences dialog. In auto-save mode, the
editor buffer is automatically saved before running LAMMPS or before exiting LAMMPS-GUL
Context Specific Word Completion

By default, LAMMPS-GUI displays a small pop-up frame with possible choices for LAMMPS input script commands
or styles after 2 characters of a word have been typed.

5

6 units real

7 atom_style cgs

8 electron

9 pair_style lj nm/coul/long 8.0 10.0 10.0
10 bond_style metal o

11 angle_style micro
12 dihedral_style nano
13 improper_style real C

14 kspace_style si 1001
15
16 read_data data.peptide

The word can then be completed through selecting an entry by scrolling up and down with the cursor keys and selecting
with the 'Enter’ key or by clicking on the entry with the mouse. The automatic completion pop-up can be disabled in
the Preferences dialog, but the completion can still be requested manually by either hitting the 'Shift-TAB' key or by
right-clicking with the mouse and selecting the option from the context menu. Most of the completion information
is retrieved from the active LAMMPS instance and thus it shows only available options that have been enabled when
compiling LAMMPS. That list, however, excludes accelerated styles and commands; for improved clarity, only the
non-suffix version of styles are shown.

Line Reformatting

The editor supports reformatting lines according to the syntax in order to have consistently aligned lines. This primarily
means adding whitespace padding to commands, type specifiers, IDs and names. This reformatting is performed
manually by hitting the "Tab' key. It is also possible to have this done automatically when hitting the 'Enter' key to start
a new line. This feature can be turned on or off in the Preferences dialog for Editor Settings with the "Reformat with
'Enter' checkbox. The amount of padding for multiple categories can be adjusted in the same dialog.
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Internally this functionality is achieved by splitting the line into "words" and then putting it back together with padding
added where the context can be detected; otherwise a single space is used between words.

Context Specific Help

LAMMPS-GUI - Editor - in.peptide - *modified*

LAMMPS-GUI - Editor - in.peptide

Eile Edit Run View About Eile Edit Run View About
4 atom_style full E 28 E
5 29 dump 1 peptide atom 10 dump.peptid _ Undo
6 pair_style 1j/charmm/coul/lon=° A 1 1 30 o
7 bond_style harmonic Undo 31 #dump 2 peptide image 25 image.*.j| < Redo
8 angle_style charmm Redo 32 # axes yes 0.8 0.02 view 60 -3| . cyt
9 dihedral_style charmm 3 Cut 33 #dump_modify 2 pad 3 c -
10 improper_style harmonic o 34 Lopy
11 kspace_style pppm 0.0001 Copy 35 #dump 3 peptide movie 25 movie.mpg| [l Paste
12 | Paste 36 # axes yes 0.8 0.02 view 60 -3({@ pelete
13 d_dat data.peptidi 37 #d dif: 3 pad 3
B read_data ata.peptide 9 Delete a7 ump_modify pa; F el =
15 neighbor 2.0 bin [ Select All 39 #compute bnd all property/loc( ' Comment outline
E neigh_modify delay 1 CETITERS UGS ﬁ #dump 2 peptide local 300 dump.bon( . .0 0o
18 timestep 2.0 Uncomment line 42 run 300 Display available completions for ‘dump’
19 # run_style respa 3 2 pair 1 kspaq  Display available cc 1s for ‘pair_style ong' || 43 = Reformat ‘dump’ command
20 = P a 44
21 thermo_style i = Reformat 'pair_style ljcharmm/coul/long' command 45 # View Documentation for 'dump"
22 thermo 50 iew Documentation for 'pair_style lj/charmm/coul/long’' 46 3 View file 'dump.peptide’
B 2| @/ @] .|Ready. # View Documentation for ‘pair_style" B2 ¢/ @] #|Ready. Dil # LAMMPS Manual

A unique feature of LAMMPS-GUI is the option to look up the LAMMPS documentation for the command in the
current line. This can be done by either clicking the right mouse button or by using the Ctrl-? keyboard shortcut.
When using the mouse, there are additional entries in the context menu that open the corresponding documentation
page in the online LAMMPS documentation in a web browser window. When using the keyboard, the first of those
entries is chosen.

If the word under the cursor is a file, then additionally the context menu has an entry to open the file in a read-only text
viewer window. If the file is a LAMMPS restart file, instead the menu entry offers to inspect the restart.

The text viewer is a convenient way to view the contents of files that are referenced in the input. The file viewer also
supports on-the-fly decompression based on the file name suffix in a similar fashion as available with LAMMPS. If
the necessary decompression program is missing or the file cannot be decompressed, the viewer window will contain
a corresponding message.

Inspecting a Restart file

When LAMMPS-GUTI is asked to "Inspect a Restart", it will read the restart file into a LAMMPS instance and then open
three different windows. The first window is a text viewer with the output of an info command with system information
stored in the restart. The second window is text viewer containing a data file generated with a write_data command.
The third window is a Snapshot Image Viewer containing a visualization of the system in the restart.

X L
LAMMPS data file via write data, version 12 Jun 2025, timestep = 200000, units- -
Info-Info-Info-Info-Info-Info-Info-Info-Info-Info-Info Ee 2 wid: () ] Helohi: [N <] Grou: [al - || Molecule: |none -
56000 atons Printed on Sat Jul 5 23:28:30 2025
3 aton types
39000 bonds Systen information:
1 bond types Units =1
Aton style
20.194166001644827 20.194186961644827 X10 Xhi Atom map
-20.194186901644f 194186901644827 ylo yhi el e = e
30 1410600 644827 20, 104106061644827 2o Wi Ator - 56000, types = 3, style = 1j/cut/coul/long/omp
M e
Masses Atons with molecule T0s
Atoms with per-type masses
11 Atoms with per-aton charges
21 s - 39000, types = 1, style = fene/omp
31 = 0, types = 0, style = none
Dihedrals = 8 tpes - 0, style - none
Pairl) Coeffs # 1j/cut/coul/long/omp Tnpropers = 0, types = 0, style = none
Special bond factors 1j = @ 1 1
11113 Special bond factors coul = 6 1 1
12113 Kspace style = none
13113
22113 Dimensions = 3
ZEEEY ST (o = (B S 1 -SHER) : DLHEE

Bond Coeffs # fene/omp

i
Zlo, zhi = -20.194187, 20.194187

1301511
Current timestep number = 208000
Atons # Tull Current timestep size = 0.005
8653 155 2  -17.737944446187914 -19.06347026786736 -17.491309918972366 6 6 0 Group information:
51232 915 3 1 -17.509045864517095 -16.921775577249644 18.77052515817835 1 0.0 | || Group( 01: a1l (static)
9311 167 2 0 -19 -17.4 0374652 -18.0771 000
B35 195 1 1 17 7954011444177 18 70700807016720 18, 195709541704778 0 0 0 Compute_information
52 155 6227 446638465 178924492 © 0 © || |[Computel 01: thermo_temp, style = temp, group = all
8654 155 2 6 -16.964270627050354 -18.681283405326234 -17.814033789563265 0 0 0 || || Compute 1]: thermo_press, style = pressure, group = all
9312 167 1 -1 -19.06654197335642 -18.294254187403986 -18.54809338497185 0 0 0 Compute[ 2]: thermo_pe, style = pe, group = all
13828 247 3 1 -18.18934528332607 -16.741496213717998 -17.868704577113306 0 © 0
8656 155 1 -1 -18.374982109570144 -17.739968429684588 -17.564370164847684 0 O Fix information:
9313 167 1 -1 -18.896256354990946 -18.704689047386733 -19.40783311510478 0 0 0 || [|Fix[ o]: package_onp, style = OMP, group = all

8651 155 1 -1 -18.09433697138012 -20.155032540828937 -18.016357285981204 0 0 6_|| | Info-Info-Info-Info-Info-Info-Info-Info-Info-Info-Info

© Large Restart Files

If the restart file is larger than 250 MBytes, a dialog will ask for confirmation before continuing, since large restart
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files may require large amounts of RAM since the entire system must be read into RAM. Thus restart file for large
simulations that have been run on an HPC cluster may overload a laptop or local workstation. The Show Details...
button will display a rough estimate of the additional memory required.

4.7 Menus

The menu bar has entries File, Edit, Run, View, and About. Instead of using the mouse to click on them, the individual
menus can also be activated by hitting the Alr key together with the corresponding underlined letter, that is Alt-F
activates the File menu. For the corresponding activated sub-menus, the key corresponding the underlined letters can
be used to select entries instead of using the mouse.

File

© The File menu offers the usual options

¢ New clears the current buffer and resets the file name to *unknown*
* Open opens a dialog to select a new file for editing in the Editor

» View opens a dialog to select a file for viewing in a separate window (read-only) with support for on-the-fly
decompression as explained above.

e Inspect restart opens a dialog to select a file. If that file is a LAMMPS restart three windows with information
about the file are opened.

* Save saves the current file; if the file name is *unknown* a dialog will open to select a new file name

* Save As opens a dialog to select and new file name (and folder, if desired) and saves the buffer to it. Writing
the buffer to a different folder will also switch the current working directory to that folder.

* Quit exits LAMMPS-GUL. If there are unsaved changes, a dialog will appear to either cancel the operation,
or to save, or to not save the modified buffer.

In addition, up to 5 recent file names will be listed after the Open entry that allows re-opening recently opened files.
This list is stored when quitting and recovered when starting again.

Edit

The Edit menu offers the usual editor functions like Undo, Redo, Cut, Copy, Paste, and a Find and Replace dialog
(keyboard shortcut Ctrl-F). It can also open a Preferences dialog (keyboard shortcut Ctril-P) and allows deleting all
stored preferences and settings, so they are reset to their default values.

Run

The Run menu has options to start and stop a LAMMPS process. Rather than calling the LAMMPS executable as
a separate executable, the LAMMPS-GUI is linked to the LAMMPS library and thus can run LAMMPS internally
through the LAMMPS C-library interface in a separate thread.

Specifically, a LAMMPS instance will be created by calling lammps_open_no_mpi. The buffer contents are then
executed by calling lammps_commands_string. Certain commands and features are only available after a LAMMPS
instance is created. Its presence is indicated by a small LAMMPS L logo in the status bar at the bottom left of the main
window. As an alternative, it is also possible to run LAMMPS using the contents of the edited file by reading the file.
This is mainly provided as a fallback option in case the input uses some feature that is not available when running from
a string buffer.
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The LAMMPS calculations are run in a concurrent thread so that the GUI can stay responsive and be updated during
the run. The GUI can retrieve data from the running LAMMPS instance and tell it to stop at the next timestep. The
Stop LAMMPS entry will do this by calling the lammps_force_timeout library function, which is equivalent to a timer
timeout 0 command.

The Relaunch LAMMPS Instance will destroy the current LAMMPS thread and free its data and then create a new
thread with a new LAMMPS instance. This is usually not needed, since LAMMPS-GUI tries to detect when this is
needed and does it automatically. This is available in case it missed something and LAMMPS behaves in unexpected
ways.

The Set Variables... entry opens a dialog box where index style variables can be set. Those variables are passed to the
LAMMPS instance when it is created and are thus set before a run is started.

Set Variables:
X 1 @
y 1 ®
z 1 ®

Add Row ‘Q‘Qancel| & OK ‘

The Set Variables dialog will be pre-populated with entries that are set as index variables in the input and any variables
that are used but not defined, if the built-in parser can detect them. New rows for additional variables can be added
through the Add Row button and existing rows can be deleted by clicking on the X icons on the right.

The Create Image entry will send a dump image command to the LAMMPS instance, read the resulting file, and show
it in an Image Viewer window.

The View in OVITO entry will launch OVITO with a data file containing the current state of the system. This option is
only available if LAMMPS-GUI can find the OVITO executable in the system path.

The View in VMD entry will launch VMD with a data file containing the current state of the system. This option is
only available if LAMMPS-GUI can find the VMD executable in the system path.

View

The View menu offers to show or hide additional windows with log output, charts, slide show, variables, or snapshot
images. The default settings for their visibility can be changed in the Preferences dialog.

Tutorials

The Tutorials menu is to support the set of LAMMPS tutorials for beginners and intermediate LAMMPS users docu-
mented in (Gravellel). From the drop down menu you can select which of the eight currently available tutorial sessions
you want to begin. This opens a 'wizard' dialog where you can choose in which folder you want to work, whether you
want that folder to be wiped from any files, whether you want to download the solution files (which can be large) to a
solution sub-folder, and whether you want the corresponding tutorial's online version opened in your web browser.
The dialog will then start downloading the files requested (download progress is reported in the status line) and load
the first input file for the selected session into LAMMPS-GUI.
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L LAMMPS-GUI - Editor - *unknown* o B
File Edit Run View QINGEIE] About
1 # When using LA Ml StartLAMMPS Tutoriall  t, please cite: https://arxiv.org/abs/2503.14020
2 H Start LAMMPS Tutorial 2
H Start LAMMPS Tutorial 3
H Start LAMMPS Tutorial 4 N &
WS e MMES TGS Getting Started With Tutorial 4
[ Start LAMMPS Tutorial 6
: This dialog will help you to select and pop a folder with
[JSERAGIS TUID“BI . required to work through tutorial 4 from the LAMMPS tutorials article by
HH Start LAMMPS Tutorial 8 Simon Gravelle, Jake Gissinger, and Axel Kohimeyer.
The materials for this tutorial are downloaded from:
https:llgithub.com/lammpstutorials/lammpstutorials-article
In tutorial 4 an electrolyte is simulated while confined between two walls
and thus illustrating the specifics of simulating systems with fluid-solid
4 interfaces. The water model is more complex than in tutorial 3 and also a
non-equilibrium MD simulation is performed by imposing shearing forces
on the electrolyte through moving the walls.
LAMMPS
tutorials
Click on the "Next" button to select a folder.
<Back || Next> || Cancel
B # || @| @ | 2| Ready Directory: /home/akohlmey/compile/lammps/build-test
About

The About menu finally offers a couple of dialog windows and an option to launch the LAMMPS online documentation
in a web browser. The About LAMMPS-GUI entry displays a dialog with a summary of the configuration settings of
the LAMMPS library in use and the version number of LAMMPS-GUI itself. The Quick Help displays a dialog
with a minimal description of LAMMPS-GUI. The LAMMPS-GUI Documentation entry will open the LAMMPS-
GUI online documentation website https://lammps-gui.lammps.org in a web browser window. The LAMMPS Manual
entry will open the main page of the LAMMPS online documentation in a web browser window. The LAMMPS
Tutorial entry will open the main page of the set of LAMMPS tutorials authored and maintained by Simon Gravelle at
https://lammpstutorials.github.io/ in a web browser window.

(Gravellel) Gravelle, Alvares, Gissinger, Kohlmeyer, arXiv:2503.14020 [physics.comp-ph] (2025)

4.8 Dialogs
Find and Replace

0@ ®
File Edit Run View Tutorials About

1

2 units real

3 lattice sc 5.0

4 region mybox block -110 60 -30 220 -90 130 units [T

5 create_box 2 box

6 region particles cylinder y © -30 47 130 190 units box

7 create_atoms 1 region particles

8 region 1id cylinder y © -30 47 190 200 units box

9 group mobile type 1 _—

10 LT LAMMPS-GUI - Find and Replace

11 create_atoms 2 mesh race track.stl unif .

12 group mesh type 2 Find: |box

13 Replace with: imybox

14 mass * 39.95

15 pair_style 1j/cut 8.76 Match case v Wrap around Whole word
16 pair_coeff 11 6.2339 3.504 N ‘ Repl ‘ Replace Al D

17 pair_coeff 12 0.2339 7.008 §(7.008% ext || Replace | Replace ooe
18 pair_coeff 220.0 1.0

19

20 balance 1.1 shift xyz 10 1.01

21

H_E # |[@|[@][2] Ready. Directory: /hoi nples/n

The Find and Replace dialog allows searching for and replacing text in the Editor window.

The dialog can be opened either from the Edit menu or with the keyboard shortcut Ctrl-F. You can enter the text to
search for.
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© Through three check-boxes the search behavior can be adjusted

¢ If checked, "Match case" does a case sensitive search; otherwise the search is case insensitive.

o If checked, "Wrap around" starts searching from the start of the document, if there is no match found from
the current cursor position until the end of the document; otherwise the search will stop.

* If checked, the "Whole word" setting only finds full word matches (white space and special characters are
word boundaries).

Clicking on the Next button will search for the next occurrence of the search text and select / highlight it. Clicking
on the Replace button will replace an already highlighted search text and find the next one. If no text is selected, or
the selected text does not match the selection string, then the first click on the Replace button will only search and
highlight the next occurrence of the search string. Clicking on the Replace All button will replace all occurrences from
the cursor position to the end of the file; if the Wrap around box is checked, then it will replace all occurrences in the
entire document. Clicking on the Done button will dismiss the dialog.

Preferences

The Preferences dialog allows customization of the behavior and look of LAMMPS-GUI. The settings are grouped and
each group is displayed within a tab.

General Settings:

© The following settings are available in this tab

* Echo input to log: when checked, all input commands, including variable expansions, are echoed to the
Output window. This is equivalent to using -echo screen at the command-line. There is no log file produced
by default, since LAMMPS-GUI uses -log none.

¢ Include citation details: when checked full citation info will be included to the log window. This is equiv-
alent to using -cite screen on the command-line.

¢ Show log window by default: when checked, the screen output of a LAMMPS run will be collected in a log
window during the run

* Show chart window by default: when checked, the thermodynamic output of a LAMMPS run will be
collected and displayed in a chart window as line graphs.

¢ Show slide show window by default: when checked, a slide show window will be shown with images from
a dump image command, if present, in the LAMMPS input.

* Replace log window on new run: when checked, an existing log window will be replaced on a new
LAMMPS run, otherwise each run will create a new log window.

* Replace chart window on new run: when checked, an existing chart window will be replaced on a new
LAMMPS run, otherwise each run will create a new chart window.
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* Replace image window on new render: when checked, an existing chart window will be replaced when a
new snapshot image is requested, otherwise each command will create a new image window.

* Download tutorial solutions enabled this controls whether the "Download solutions" option is enabled by
default when setting up a tutorial.

* Open tutorial webpage enabled this controls whether the "Open tutorial webpage in web browser" option
is enabled by default when setting up a tutorial.

¢ Select Default Font: Opens a font selection dialog where the type and size for the default font (used for
everything but the editor and log) of the application can be set.

* Select Text Font: Opens a font selection dialog where the type and size for the text editor and log font of the
application can be set.

* Data update interval: Allows to set the time interval between data updates during a LAMMPS run in
milliseconds. The default is to update the data (for charts and output window) every 10 milliseconds. This is
good for many cases. Set this to 100 milliseconds or more if LAMMPS-GUI consumes too many resources
during a run. For LAMMPS runs that run very fast (for example in tutorial examples), however, data may be
missed and through lowering this interval, this can be corrected. However, this will make the GUI use more
resources. This setting may be changed to a value between 1 and 1000 milliseconds.

* Charts update interval: Allows to set the time interval between redrawing the plots in the Charts window
in milliseconds. The default is to redraw the plots every 500 milliseconds. This is just for the drawing, data
collection is managed with the previous setting.

* HTTPS proxy setting: Allows to enter a URL for an HTTPS proxy. This may be needed when the
LAMMPS input contains geturl commands or for downloading tutorial files from the Tutorials menu. If
the https_proxy environment variable was set externally, its value is displayed but cannot be changed.

e Path to LAMMPS Shared Library File: this option is only visible when LAMMPS-GUI was compiled
to load the LAMMPS library at run time instead of being linked to it directly. With the Browse.. button or
by changing the text, a different shared library file with a different compilation of LAMMPS with different
settings or from a different version can be loaded. After this setting was changed, LAMMPS-GUI needs to
be re-launched.

Accelerators:

This tab enables selection of an accelerator package and modification of some of its settings for use when running
LAMMPS. This is equivalent to using the -sf and -pk flags on the command-line. Only settings supported by the
LAMMPS library and local hardware are available. The Number of threads field allows setting the number of threads
for the accelerator packages that support using threads (OPENMP, INTEL, KOKKOS, and GPU). Furthermore, the
choice of precision mode (double, mixed, or single) for the INTEL package can be selected, and for the GPU package,
whether the neighbor lists are built on the GPU or the host (required for pair style hybrid) and whether only pair styles
should be accelerated (i.e., run PPPM entirely on the CPU, which sometimes leads to better overall performance).
Whether settings can be changed depends on which accelerator package is chosen (or "None").

Snapshot Image:

This tab allows setting defaults for the snapshot images displayed in the Image Viewer window, such as its dimensions,
the zoom factor, and view angles. The Antialias switch will render images with double the number of pixels for width
and height and then smoothly scale the image back to the requested size. This produces higher quality images with
smoother edges at the expense of requiring more CPU time to render a four times size initial image. The HQ Image
mode option turns on "Screen Space Ambient Occlusion (SSAO)" mode when rendering images. This is also more
time consuming, but produces a more 'spatial’ representation of the system with shading of atoms by their depth. The
Shiny Image mode option will render objects with a shiny surface when enabled. Otherwise, the surfaces will be matte.
The Show Box option selects whether the system box is drawn as a colored set of sticks. Furthermore, the diameter
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of the sticks and their color can be set. Similarly, the Show Axes option selects whether a representation of the three
system axes will be drawn or not (as colored and labeled arrows). In addition, the axes length and diameter can be set
in fractions of the image size. The VDW Style checkbox selects whether atoms are represented by space filling spheres
when checked or by smaller spheres and sticks. The Dynamic Bonds checkbox selects whether bonds between atoms
shall be automatically determined from the atom distances (for instance to visualize simulations using force fields with
implicit bonds), and the corresponding "Bond Cutoff" text field allow to set the cutoff used for that feature. Finally,
there are a couple of text fields to select the two Background Colors. If the two colors differ, there will be a vertical
background gradient starting with the "Background" color at the bottom and ending with the "Background2" color at
the top.

These settings correspond to the available settings for the LAMMPS dump image and corresponding dump_modify
commands.

Editor Settings:

This tab allows tweaking settings of the editor window. Specifically, the amount of padding to be added to LAMMPS
commands, types or type ranges, IDs (e.g., for fixes), and names (e.g., for groups). The value set is the minimum width
for the text element and it can be chosen in the range between 1 and 32.

The three settings which follow enable or disable the automatic reformatting when hitting the 'Enter' key, the automatic
display of the completion pop-up window, and whether auto-save mode is enabled. In auto-save mode the editor buffer
is saved before a run or before exiting LAMMPS-GUI.

Charts Settings:

This tab allows tweaking settings of the Charts window. Specifically, one can set the default chart title (if the title
contains '%f" it will be replaced with the name of the current input file), one can select whether by default the raw data,
the smoothed data, or both will be plotted, one can set the colors for the two lines, the default smoothing parameters,
and the default size of the chart graph in pixels.

4.9 Keyboard Shortcuts

Almost all functionality is accessible from the menu of the editor window or through keyboard shortcuts. The following
shortcuts are available (On macOS use the Command key instead of Ctrl/Control).

Shortcut Function Shortcut Function Shortcut Function

Ctrl+N New File Ctrl+Z Undo edit Ctrl+Enter Run Input

Ctrl+O Open File Ctrl+Shift+Z Redo edit Ctrl+/ Stop Active Run
Ctrl+Shift+F View File Ctrl+C Copy text Ctrl+Shift+V  Set Variables
Ctrl+S Save File Cl+X Cut text Ctrl+I Snapshot Image
Ctrl+Shift+S Save File As Ctrl+V Paste text Ctrl+L Slide Show

Ctrl+Q Quit Application Ctrl+A Select All Ctrl+F Find and Replace
Ctrl+W Close Window TAB Reformat line Shift+TAB Show Completions
Ctrl+Shift+Enter Run File Ctrl+Shift+W Show Variables  Ctrl+P Preferences
Ctrl+Shift+A About LAMMPS Ctrl+Shift+H Quick Help Ctrl+Shift+G LAMMPS-GUI Docs
Ctrl+Shift+M LAMMPS Manual  Ctrl+? Context Help Ctrl+Shift+T LAMMPS Tutorial

Further keybindings of the editor window are documented with the Qt documentation. In case of conflicts the list above
takes precedence.

All other windows only support a subset of keyboard shortcuts listed above. Typically, the shortcuts Ctrl-/ (Stop Run),
Ctrl-W (Close Window), and Ctrl-Q (Quit Application) are supported.
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5 Programmer's Guide

This guide provides documentation for developers who want to understand the internals of LAMMPS-GUI or contribute
to its development.

© AI Generated Content

The initial version of the Programmer's Guide section was created by the GitHub Copilot Coding Agent and not
everything has been carefully checked. It is therefore possible that it contains errors where the LLM has misinter-
preted the LAMMPS-GUI source code. If you spot any such errors or inconsistencies, please submit a bug report
issue to point them out or - even better - submit a pull request with the necessary corrections.

5.1 Introduction

LAMMPS-GUI is built using C++17 and the Qt framework (Qt 5.15+ or Qt 6.2+). The application follows object-
oriented design principles with clear separation of concerns between different components:

* Editor Components: Handle text editing, syntax highlighting, and auto-completion
* LAMMPS Interface: Wraps the LAMMPS C library API
* Visualization: Displays images, charts, and simulation output

* GUI Framework: Main window, dialogs, and preferences

5.2 Architecture

Main Components

The application architecture consists of several key components organized into functional groups:

Main Window

LammpsGui (lammpsgui.h/.cpp)
The main window class that coordinates all other components. It manages the editor, handles file operations,
controls LAMMPS execution, and manages the overall application state. This is the central hub of the application
that integrates all other components.

Editor Components

CodeEditor (codeeditor.h/.cpp)
Custom text editor widget based on QPlainTextEdit, providing LAMMPS-specific features including syntax high-
lighting, auto-completion, line numbers, and context-sensitive help. The main editing surface for LAMMPS input
scripts.

LineNumberArea (linenumberarea.h/.cpp)
Widget that displays line numbers in the left margin of the CodeEditor. Updates dynamically as text is added or
removed.

Highlighter (highlighter.h/.cpp)
Syntax highlighter for LAMMPS input scripts. Categorizes and colors different types of commands, keywords,
variables, and comments using Qt's QSyntaxHighlighter framework.

FindAndReplace (findandreplace.h/.cpp)
Dialog for searching and replacing text in the editor. Supports regular expressions, case sensitivity, and whole
word matching.
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LAMMPS Interface

LammpsWrapper (lammpswrapper.h/.cpp)
C++ wrapper around the LAMMPS C library interface. Provides a clean C++ API and handles dynamic library
loading in plugin mode. Manages LAMMPS initialization, command execution, and error handling.

LammpsRunner (lammpsrunner.h)
Worker thread for executing LAMMPS simulations without blocking the GUI. Uses Qt's threading facilities to
run simulations in the background, allowing the UI to remain responsive during long calculations.

Visualization Components

ImageViewer (imageviewer.h/.cpp)
Dialog for viewing single images (PNG, JPEG, etc.). Supports zooming, panning, and saving images. Used for
viewing simulation snapshots and rendered atomic configurations.

ChartWindow (chartviewer.h/.cpp)
Window for displaying thermodynamic data as charts using Qt Charts. Supports line plots and multiple data
series.

ChartViewer (chartviewer.h/.cpp)
Custom chart view widget based on QChartView that provides interactive features like zooming, smoothing, and
panning for data visualization.

SlideShow (slideshow.h/.cpp)
Dialog for viewing multiple images as a slideshow or animation with navigation controls. Supports converting
an animation to a movie file when FFMpeg is available.

RangeSlider (rangeslider.h/.cpp)
Custom slider widget with two handles for selecting a range of values. Used in ChartViewer for selecting x- and
y-direction plot ranges.

Dialog and Utility Components

LogWindow (logwindow.h/.cpp)
Window displaying captured output from LAMMPS simulations. Updates in real-time as the simulation pro-
gresses and provides search functionality.

Preferences (preferences.h/.cpp)
Dialog for configuring application settings including accelerator packages, editor appearance, snapshot settings,
and chart preferences. Settings are made persistent across LAMMPS-GUI sessions using the QSettings class.

SetVariables (setvariables.h/.cpp)
Dialog for editing LAMMPS index-style variable definitions. Allows users to define name-value pairs that are
substituted in input scripts using ${varname} syntax.

FileViewer (fileviewer.h/.cpp)
Read-only text viewer dialog for displaying file contents. Used for viewing auxiliary files without allowing
modifications.

Tutorial Wizard (lammpsgui.h/.cpp)
Wizard dialog for interactive LAMMPS tutorials. Guides users through setting up tutorial directories and files,
providing a structured learning experience.
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Support Components

StdCapture (stdcapture.h/.cpp)
Utility class that captures stdout and stderr output from LAMMPS. Redirects C-level file descriptors to allow
capturing output from the LAMMPS library.

FlagWarnings (flagwarnings.h/.cpp)
Syntax highlighter that validates LAMMPS command flags and highlights potential errors or deprecated usage
patterns.

QHline (qaddon.h/.cpp)
Simple horizontal line widget for visual separation in dialogs and forms.

QColorCompleter (qaddon.h/.cpp)
Auto-completer for color name inputs, suggesting valid Qt color names as the user types.

QColorValidator (qaddon.h/.cpp)
Validator for color input fields, ensuring they contain valid color names or hex color codes.

Helper Functions

The helpers module provides utility functions used throughout the application:
* String manipulation (mystrdup variants for different string types)
» Date comparison (date_compare for version comparisons)
¢ Command-line parsing (split_line with quote handling)
 System utilities (has_exe for executable detection)

Ul utilities (is_light_theme for theme detection)

Data Flow

1. User Input: User edits LAMMPS input in CodeEditor with syntax highlighting
Execution Request: User triggers execution via menu or button
Preparation: LammpsGui creates/configures LammpsWrapper and prepares variables
Threading: Commands sent to LammpsRunner thread to avoid Ul blocking
Execution: LammpsRunner executes commands via LammpsWrapper
Output Capture: Output captured via StdCapture for display

Visualization: Results displayed in LogWindow, ImageViewer, or ChartWindow

® Nk »N

Completion: UI updated when execution completes, progress indicators cleared

Settings and State Management
The application uses Qt's QSettings mechanism to persist:
* Recent files list
* Window geometry and state
 Editor preferences (font, colors)
* Accelerator settings

LAMMPS plugin path

* Tutorial preferences
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Settings are stored in platform-specific locations:
e Linux: ~/.config/LAMMPS-GUI/LAMMPS-GUI.conf
* macOS: ~/Library/Preferences/org.lammps.LAMMPS-GUI.plist
* Windows: Registry under HKEY_CURRENT_USER\Software\LAMMPS-GUI\LAMMPS-GUI

Threading Model
The application uses Qt's event-driven architecture with careful threading:
* Main Thread: Handles all UI operations and user interactions
* LAMMPS Thread: LammpsRunner executes LAMMPS in a separate QThread
e Communication: Signals/slots for thread-safe communication
* Synchronization: Mutex protection for shared state access

This design keeps the Ul responsive even during long-running simulations.

5.3 API Reference

The following sections provide detailed API documentation for the main classes in LAMMPS-GUI. Documentation is
generated from Doxygen comments in the source code.
Main Window

LammpsGui Class

class LammpsGui : public QMainWindow
Main application window for LAMMPS-GUI.

LammpsGui is the central component of the LAMMPS-GUI application, serving as the main window that coor-
dinates all other components. It manages:

* The code editor for LAMMPS input scripts with syntax highlighting
* File operations (open, save, recent files)

* LAMMPS simulation execution and control

* Visualization windows (images, charts, log output)

* Application preferences and settings

* Tutorial wizard for interactive LAMMPS learning

The class integrates with Qt's main window framework and provides menu actions, toolbars, and status bar
components. It uses a LammpsWrapper to interface with the LAMMPS library and LammpsRunner to execute
simulations in a separate thread.

> See also

CodeEditor for the text editor component
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> See also

ChartWindow for the charts window component

> See also

LogWindow for the log output window component

> See also

ImageViewer for the snapshot image window component

> See also

SlideShow for the slide show viewer window component

> See also

Preferences for the preferences window component

7 See also

LammpsRunner for simulation execution in a separate thread

> See also

LammpsWrapper for LAMMPS library interface

Public Functions

LammpsGui (QWidget *parent = nullptr, const QString &filename = QString(), int width = 0, int height = 0)

Construct the main application window.

Initializes the main window, sets up the UI components, loads preferences, initializes the LAMMPS library,
and optionally opens a file if provided.

Parameters
* parent -- Parent widget (typically nullptr for main window)
e filename -- Optional file to open on startup
* width -- Optional main editor window width override

* height -- Optional main editor window height override
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~LammpsGui () override

Destructor.
Cleans up resources including dynamically created widgets and LAMMPS instances.

LammpsGui () = delete

LammpsGui (const LammpsGui&) = delete

LammpsGui (LammpsGui&&) = delete

LammpsGui &operator=_const LammpsGui&) = delete

LammpsGui &operator=_LammpsGui&&) = delete

Public Slots
void quit ()
Quit the application.

void stop_run()
Stop a running LAMMPS simulation.

Protected Functions

void open_file(const QString &filename)
Open a file in the editor.

void view_file(const QString &filename)

Open a file in a read-only viewer dialog.

void inspect_file(const QString &filename)
Open a file for inspection (data files, etc.)

void write_file(const QString &filename)

Write current editor content to a file.

void update_recents (const QString &filename = "")
Update the recent files list.

void clear_variables()

Clear the list of index-style variables.

void update_variables()
Update variables in LAMMPS from the variables list.

void do_run (bool use_buffer)
Execute a LAMMPS simulation.

Parameters
use_buffer -- If true, runs from editor buffer; if false, saves and runs from file

void start_lammps ()
Initialize and start a new LAMMPS instance.

void run_done ()
Handle completion of a LAMMPS run.
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void setDocver ()

Set the documentation version string for help links.

void autoSave ()

Perform an auto-save of the current file.

void setFont (const QFont &newfont)
Update the editor font.

Parameters
newfont -- The font to apply to the editor

QWizardPage *tutorial_intro(const int ntutorial, const QString &infotext)
Create an introduction page for a tutorial.

Parameters
e ntutorial -- Tutorial number
* infotext -- Information text to display

Returns
Wizard page with tutorial introduction

QWizardPage *tutorial_directory(const int ntutorial)

Create a directory selection page for a tutorial.

Parameters
ntutorial -- Tutorial number

Returns
Wizard page for tutorial directory selection

void setup_tutorial (int tutno, const QString &dir, bool purgedir, bool getsolution, bool openwebpage)

Set up files and resources for a tutorial.
Parameters
* tutno -- Tutorial number
¢ dir -- Directory to create files in
e purgedir -- Whether to clean the directory first
e getsolution -- Whether to include solution files
* openwebpage -- Whether to open the tutorial web page

void purge_inspect_list()
Clean up the inspect file dialog list.

bool eventFilter (QObject *watched, QEvent *event) override
Event filter for handling special events.

Parameters
* watched -- Object being watched
¢ event -- Event to filter

Returns
true if event was handled
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Protected Attributes

Ui::LammpsGui *ui

UI components generated from .ui file.

int nthreads

Number of threads for parallel execution.

int mainx

Override value for main editor window width or 0.

int mainy

Override value for main editor window height or 0.

TutorialWizard Class

class TutorialWizard : public QWizard
Wizard dialog for interactive LAMMPS tutorials.

TutorialWizard provides a step-by-step wizard interface for setting up and running LAMMPS tutorials. It guides
users through directory selection, file preparation, and launching tutorial exercises.
Public Functions

TutorialWizard(int ntutorial, QWidget *parent = nullptr)

Construct a tutorial wizard.
Parameters
e ntutorial -- Tutorial number (1-8)
* parent -- Parent widget

void accept () override

Accept the wizard and set up the tutorial.

Called when the user completes the wizard. Sets up tutorial files and opens the tutorial in the main window.

Editor Components
CodeEditor Class

class CodeEditor : public QPlainTextEdit
Custom text editor with LAMMPS syntax support and auto-completion.

The CodeEditor class extends QPlainTextEdit to provide specialized features for editing LAMMPS input scripts,
including:

¢ Line numbers in a margin area

*» LAMMPS syntax highlighting via Highlighter
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» Context-aware auto-completion for LAMMPS commands
* Automatic indentation and formatting

* Context menu with LAMMPS-specific help

* Line highlighting for errors

Public Functions

CodeEditor (QWidget *parent = nullptr)

Constructor.

Parameters
parent -- Parent widget (typically the main window)

~CodeEditor () override

Destructor.

CodeEditor() = delete

CodeEditor (const CodeEditor&) = delete

CodeEditor (CodeEditor& &) = delete

CodeEditor &operator=(const CodeEditor&) = delete
CodeEditor &operator=(CodeEditor&&) = delete

void 1ineNumberAreaPaintEvent (QPaintEvent *event)

Paint line numbers in the line number area.

Parameters
event -- Paint event to handle

int lineNumberAreaWidth()
Calculate width needed for line number area.

Returns
Width in pixels

void setFont (const QFont &newfont)
Set editor font.

Parameters
newfont -- Font to use for editor text

void setCursor (int block)
Set cursor to specific text block.

Parameters
block -- Block number (line number) to position cursor

void setHighlight (int block, bool error)

Highlight a specific line (used for error indication)
Parameters
* block -- Block number to highlight

* error -- true for error highlight, false to clear
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inline void setReformatOnReturn (bool flag)
Enable/disable automatic reformatting on Enter key.

Parameters
flag -- true to enable, false to disable

inline void setAutoComplete (bool flag)

Enable/disable automatic completion popup.

Parameters
flag -- true to enable, false to disable

QString reformatLine (const QString &line)

Reformat a line with proper indentation.

Parameters
line -- Line to reformat

Returns
Reformatted line

void setCommandList (const QStringList &words)
Set word list for LAMMPS command completion.

Parameters
words -- List of command names

void setFixList (const QStringList &words)
Set word list for fix style completion.

Parameters
words -- List of fix style names

void setComputeList (const QStringList &words)

Set word list for compute style completion.

Parameters
words -- List of compute style names

void setDumpList (const QStringList &words)

Set word list for dump style completion.

Parameters
words -- List of dump style names

void setAtomList (const QStringList &words)

Set word list for atom style completion.

Parameters
words -- List of atom style names

void setPairList (const QStringlist &words)
Set word list for pair style completion.

Parameters
words -- List of pair style names

void setBondList (const QStringList &words)
Set word list for bond style completion.

Parameters
words -- List of bond style names

37



void setAngleList (const QStringList &words)

Set word list for angle style completion.

Parameters
words -- List of angle style names

void setDihedralList (const QStringlist &words)

Set word list for dihedral style completion.

Parameters
words -- List of dihedral style names

void setImproperList (const QStringList &words)

Set word list for improper style completion.

Parameters
words -- List of improper style names

void setKspaceList (const QStringList &words)
Set word list for kspace style completion.

Parameters
words -- List of kspace style names

void setRegionList (const QStringList &words)

Set word list for region style completion.

Parameters
words -- List of region style names

void setIntegrateList(const QStringList &words)
Set word list for integration style completion.

Parameters
words -- List of integration style names

void setMinimizeList (const QStringList &words)

Set word list for minimization style completion.

Parameters
words -- List of minimization style names

void setVariableList (const QStringList &words)
Set word list for variable style completion.

Parameters
words -- List of variable style names

void setUnitsList (const QStringList &words)

Set word list for units style completion.

Parameters
words -- List of units style names

void setExtraList (const QStringList &words)

Set extra word list for completion.

Parameters
words -- List of extra words

38



void setGroupList ()
Update group ID list from current LAMMPS instance.

void setVarNameList ()

Update variable name list from current LAMMPS instance.

void setComputeIDList ()
Update compute ID list from current LAMMPS instance.

void setFixIDList ()
Update fix ID list from current LAMMPS instance.

void setFileList()

Update file list from current directory.
Public Static Attributes

static int NO_HIGHLIGHT = 1 << 30
Constant for disabled highlighting.

Protected Functions

void resizeEvent (QResizeEvent *event) override

Handle resize events to update line number area.

Parameters
event -- The resize event

bool canInsertFromMimeData (const QMimeData *source) const override
Check if MIME data can be inserted (for drag-and-drop)

Parameters
source -- The MIME data to check

Returns
true if data can be inserted

void dragEnterEvent (QDragEnterEvent *event) override

Handle drag enter events.

Parameters
event -- The drag enter event

void dragLeaveEvent (QDragl.eaveEvent *event) override
Handle drag leave events.

Parameters
event -- The drag leave event

void dropEvent (QDropEvent *event) override

Handle drop events.

Parameters
event -- The drop event

void contextMenuEvent (QContextMenuEvent *event) override

Handle context menu events.
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Parameters
event -- The context menu event

void keyPressEvent (QKeyEvent *event) override
Handle key press events (for auto-completion and formatting)

Parameters
event -- The key event

void setDocver ()
Set LAMMPS documentation version for help links.

LineNumberArea Class

class LineNumberArea : public QWidget

Widget for displaying line numbers alongside the code editor.

This class provides a custom widget that displays line numbers in the margin of the CodeEditor. It delegates
painting to the CodeEditor class.

Public Functions

inline explicit LineNumberArea (CodeEditor *editor)

Constructor.

Parameters
editor -- Pointer to the associated CodeEditor

~LineNumberArea() override = default

Destructor.

LineNumberArea() = delete

LineNumberArea(const LineNumberArea&) = delete
LineNumberArea (LineNumberArea& &) = delete
LineNumberArea &operator=(const LineNumberArea&) = delete
LineNumberArea &operator=(_LineNumberArea& &) = delete

inline QSize sizeHint () const override

Get the ideal size for the line number area.

Returns
QSize with width from editor, height O (fills available height)

Highlighter Class

class Highlighter : public QSyntaxHighlighter
Syntax highlighter for LAMMPS input scripts.

This class provides syntax highlighting for LAMMPS input files in the CodeEditor. It categorizes and colors
different types of LAMMPS commands, keywords, variables, numbers, strings, and comments.

40



Public Functions

explicit Highlighter (QTextDocument *parent = nullptr)
Constructor.

Parameters
parent -- Parent text document to highlight

~Highlighter () override = default

Destructor.

Highlighter() = delete

Highlighter (const Highlighter&) = delete
Highlighter (Highlighter&&) = delete

Highlighter &operator=_const Highlighter&) = delete

Highlighter &operator=(Highlighter&&) = delete

Protected Functions

void highlightBlock (const QString &text) override
Highlight a single block (line) of text.

Parameters
text -- The text to highlight

LAMMPS Interface

LammpsWrapper Class

class LammpsWrapper
C++ wrapper for the LAMMPS C library interface.

This class provides a C++ interface to the LAMMPS library. It wraps the C library API functions and handles
dynamic loading of the LAMMPS library when built in plugin mode. All LAMMPS library function calls are
routed through this wrapper class.

Public Functions

LammpsWrapper ()

Constructor - initializes wrapper.

~LammpsWrapper () = default
Destructor - cleans up LAMMPS instance if open.

LammpsWrapper (const LammpsWrapper&) = delete
LammpsWrapper (LammpsWrapper& &) = delete
LammpsWrapper &operator=_(const LammpsWrapper&) = delete

LammpsWrapper &operator=(_LammpsWrapper&&) = delete
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void open(int nargs, char **args)
Create a new LAMMPS instance.

Parameters
e nargs -- Number of command-line arguments
* args -- Command-line arguments array

void close()
Close the LAMMPS instance.

void finalize()
Finalize MPI (if used) and close LAMMPS.

void file(const char *fname)
Process commands from a LAMMPS input file.
Parameters
fname -- Filename as C-style string
inline void file(const QString &fname)
Process commands from a LAMMPS input file This is an overloaded member function, provided for con-
venience. It differs from the above function only in what argument(s) it accepts.

Parameters
fname -- Filename as Qt-style QString
inline void file(const std::string &fname)
Process commands from a LAMMPS input file This is an overloaded member function, provided for con-
venience. It differs from the above function only in what argument(s) it accepts.

Parameters
fname -- Filename as C++-style std::string
void command (const char *cmd)
Execute a single LAMMPS command.
Parameters
cmd -- Command string as C-style string
inline void command (const QString &cmd)
Execute a single LAMMPS command This is an overloaded member function, provided for convenience.
It differs from the above function only in what argument(s) it accepts.

Parameters
cmd -- Command string as Qt-style QString

inline void command (const std::string &cmd)

Execute a single LAMMPS command This is an overloaded member function, provided for convenience.
It differs from the above function only in what argument(s) it accepts.

Parameters
cmd -- Command string as C++-style std::string

void commands_string(const char *cmd)

Execute multiple LAMMPS commands from a string.

Parameters
cmd -- Commands string with newlines as C-style string
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inline void commands_string(const QString &cmd)
Execute multiple LAMMPS commands from a string This is an overloaded member function, provided for
convenience. It differs from the above function only in what argument(s) it accepts.

Parameters
cmd -- Commands string with newlines as Qt-style QString

inline void commands_string(const std::string &cmd)

Execute multiple LAMMPS commands from a string This is an overloaded member function, provided for
convenience. It differs from the above function only in what argument(s) it accepts.

Parameters
cmd -- Commands string with newlines as C++-style std::string

void force_timeout ()
Force a timeout condition in LAMMPS.

int version()
Get LAMMPS version number.

Returns
Version number as integer (YYYYMMDD format)

int extract_setting(const char *keyword)
Extract a global setting from LAMMPS.

Parameters
keyword -- Setting name to extract

Returns
Integer value of the setting

void *extract_global (const char *keyword)
Extract a pointer to global data from LAMMPS.

Parameters
keyword -- Name of global data to extract

Returns
Pointer to the data

void *extract_pair (const char *keyword)
Extract pair style data from LAMMPS.

Parameters
keyword -- Name of pair data to extract

Returns
Pointer to the pair data

void *extract_atom(const char *keyword)
Extract atom data from LAMMPS.

Parameters
keyword -- Name of atom data to extract

Returns
Pointer to the atom data
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double extract_variable (const char *keyword)
Extract a variable value from LAMMPS.

Parameters
keyword -- Variable name to extract

Returns
Value of the variable as double

int has_id(const char *idtype, const char *id)
Check if a compute/fix/variable ID exists.
Parameters
¢ idtype -- Type of ID ("compute", "fix", "variable")
¢ id -- The ID to check

Returns
1 if exists, O otherwise

int id_count (const char *idtype)
Get count of IDs of a specific type.

Parameters
idtype -- Type of ID ("compute", "fix", "variable", "group")

Returns
Number of IDs of that type

int id_name (const char *idtype, int idx, char *buf, int buflen)
Get name of an ID by index.

Parameters
¢ idtype -- Type of ID
* idx -- Index of the ID
¢ buf -- Buffer to store the name
* buflen -- Length of buffer

Returns
0 on success, -1 on error

int style_count (const char *keyword)
Get count of styles of a specific type.

Parameters
keyword -- Type of style ("compute", "fix", "pair", etc.)

Returns
Number of available styles

int style_name (const char *keyword, int idx, char *buf, int buflen)

Get name of a style by index.
Parameters
* keyword -- Type of style
¢ idx -- Index of the style

¢ buf -- Buffer to store the name
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* buflen -- Length of buffer

Returns
0 on success, -1 on error

int variable_info (int idx, char *buf, int buflen)

Get information about a variable by index.
Parameters
e idx -- Variable index
* buf -- Buffer to store variable info
* buflen -- Length of buffer

Returns
Variable type code

double get_thermo (const char *keyword)
Get current value of a thermodynamic quantity.

Parameters
keyword -- Thermo keyword

Returns
Value of the thermo quantity

void *last_thermo (const char *keyword, int idx)
Get a specific value from last thermo output.

Parameters
¢ keyword -- Thermo keyword
* idx -- Index for vector quantities

Returns
Pointer to the value

inline bool 1s_open() const
Check if LAMMPS instance is open.

Returns
true if LAMMPS is initialized, false otherwise

bool is_running()
Check if LAMMPS is currently executing a run.

Returns
true if running, false otherwise

bool has_error () const
Check if LAMMPS has encountered an error.

Returns
true if error occurred, false otherwise

int get_last_error_message (char *errorbuf, int buflen)
Get the last error message from LAMMPS.

Parameters

¢ errorbuf -- Buffer to store error message
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* buflen -- Length of buffer

Returns
Error type code

bool config_accelerator (const char *package, const char *category, const char *setting) const

Check if an accelerator package is available.
Parameters
» package -- Package name
* category -- Category name
* setting -- Setting name

Returns
true if available, false otherwise

bool config_has_package (const char *pkg) const
Check if a package is included in LAMMPS build.

Parameters
pkg -- Package name

Returns
true if included, false otherwise

bool config_has_curl_support() const
Check if LAMMPS was built with CURL support.

Returns
true if CURL is available, false otherwise

bool config_has_omp_support () const
Check if LAMMPS was built with OpenMP support.

Returns
true if OpenMP is available, false otherwise

bool config_has_png_support() const
Check if LAMMPS was compiled with PNG format image support.

Returns
true if PNG image format support is available, false if not

bool config_has_jpeg_support() const
Check if LAMMPS was compiled with JPEG format image support.

Returns
true if JPEG image format support is available, false if not

bool has_gpu_device () const
Check if GPU device is available for GPU package.

Returns
true if GPU device found, false otherwise

inline bool 1oad_lib (const QString &fname)
Load LAMMPS shared library (plugin mode)

Parameters
fname -- Library filename (QString version)
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Returns
true on success, false on failure

bool load_lib(const char *lammpslib)
Load LAMMPS shared library (plugin mode)

Parameters
lammpslib -- Library filename (C-string version)

Returns
true on success, false on failure

bool has_plugin() const
Check if running in plugin mode.

Returns
true if plugin mode enabled, false if linked mode

LammpsRunner Class

class LammpsRunner : public QThread
Worker thread for executing LAMMPS simulations.

This class provides a separate thread for running LAMMPS simulations so that the GUI remains responsive
during long-running calculations. It executes LAMMPS commands or input files in the background and emits a
signal when complete.

Public Functions

inline LammpsRunner (QObject *parent = nullptr)

Constructor.

Parameters
parent -- Parent QObject

~LammpsRunner () override = default
Destructor.

LammpsRunner () = delete

LammpsRunner (const LammpsRunner&) = delete
LammpsRunner (LammpsRunner&&) = delete

LammpsRunner &operator=(_const LammpsRunner&) = delete
LammpsRunner &operator=_LammpsRunner&&) = delete

inline void run() override

Thread execution function - runs LAMMPS commands or input file.

This function executes in the worker thread. It processes either a string of LAMMPS commands or an input
file, then signals completion.
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inline void setup_run(LammpsWrapper *_lammps, const char *_input, const char *_file = nullptr)
Prepare the runner thread with LAMMPS instance and commands.

Sets up the runner with the LAMMPS instance and input. Clears any previous LAMMPS state with the
"clear" command. Either input or file should be provided, not both.

Parameters
e _lammps -- Pointer to LammpsWrapper instance
e _input -- String of LAMMPS commands to execute (can be nullptr)

o _file -- Input file path to execute (can be nullptr)

Signals

void resultReady ()
Signal emitted when LAMMPS execution completes.

Visualization Components
ChartWindow Class

class ChartWindow : public QWidget

Window for displaying and managing multiple time-series charts.

ChartWindow provides a GUI for displaying and manipulating multiple charts showing time-series data from
LAMMPS simulations (thermodynamic output). It supports features like data smoothing, normalization,
zoom/pan, and export to various formats (PNG, CSV, YAML, DAT).

Public Functions

ChartWindow (const QString &filename, QWidget *parent = nullptr)
Constructor.

Parameters
« filename -- Path to the log file containing the data
e parent -- Parent widget

inline int num_charts() const
Get the number of charts currently displayed.

Returns
Number of charts

inline bool has_title(const QString &title, int index) const
Check if a chart at given index has the specified title.

Parameters
e title -- Title to check
¢ index -- Chart index

Returns
true if chart has the title, false otherwise
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int get_step() const

Get the current simulation step number.

Returns
Current step

void reset_charts()
Reset all charts to initial state.

void add_chart (const QString &title, int index)
Add a new chart to the window.

Parameters
e title -- Chart title (thermodynamic property name)
* index -- Chart index

void add_data(int step, double data, int index)
Add a data point to a chart.

Parameters
* step -- Simulation step number
 data -- Data value
¢ index -- Chart index

void set_units(const QString &_units)
Set the units displayed for thermodynamic quantities.

Parameters
_units -- Units string (e.g., "real", "metal", "1j")

void set_norm(bool norm)

Enable/disable data normalization.

Parameters
norm -- true to normalize data, false otherwise

Protected Functions

void closeEvent (QCloseEvent *event) override

Handle window close event.

Parameters
event -- Close event

bool eventFilter (QObject *watched, QEvent *event) override
Event filter for keyboard shortcuts.

Parameters
¢ watched -- Object being watched
¢ event -- Event to filter

Returns
true if event handled, false otherwise
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ChartViewer Class

class ChartViewer : public QChartView

Individual chart viewer for displaying a single time-series.

ChartViewer extends QChartView to display a single thermodynamic property as a function of simulation time.
It supports both raw and smoothed data display, interactive zoom/pan, and provides accessors for data export.

Public Functions

explicit ChartViewer (const QString &title, int index, QWidget *parent = nullptr)

Constructor.
Parameters
e title -- Chart title (property name)
¢ index -- Chart index
e parent -- Parent widget

~ChartViewer () override

Destructor.

ChartViewer () = delete
ChartViewer (const ChartViewer&) = delete
ChartViewer (ChartViewer&&) = delete
ChartViewer &operator=(_const ChartViewer&) = delete
ChartViewer &operator=(ChartViewer&&) = delete
void add_data(int step, double data)
Add a data point to the chart.
Parameters
* step -- Simulation step number

¢ data -- Data value for this step

QRectF get_minmax () const
Get the min/max bounds of the data.

Returns
Rectangle containing data bounds

inline QList<QAbstractAxis*> get_axes() const

Get list of chart axes.

Returns
List of axes (X and Y)

void reset_zoom()
Reset zoom to show all data.
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void smooth_param(bool _do_raw, bool _do_smooth, int _window, int _order)
Set smoothing parameters.

Parameters
e _do_raw -- Show raw data series
¢ _do_smooth -- Show smoothed data series
¢ _window -- Smoothing window size
¢ _order -- Polynomial order for Savitzky-Golay

void update_smooth()
Recalculate and update smoothed data.

inline int get_index () const
Get chart index.

Returns
Index of this chart

inline int get_count () const
Get number of data points.

Returns
Number of points in series

inline QString get_title() const
Get chart title.

Returns
Title string

inline double get_step (int index) const

Get step number at given index.

Parameters
index -- Data point index

Returns
Step number (X value)

inline double get_data(int index) const

Get data value at given index.

Parameters
index -- Data point index

Returns
Data value (Y value)

void set_tlabel (const QString &tlabel)
Set chart title.

Parameters
tlabel -- New title

void set_ylabel (const QString &ylabel)
Set Y-axis label.

Parameters
ylabel -- New Y-axis label
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inline QString get_tlabel () const

Get current chart title.

Returns
Chart title

inline QString get_xlabel () const
Get X-axis label.

Returns
X-axis label

inline QString get_ylabel () const
Get Y-axis label.

Returns
Y-axis label

ImageViewer Class

class ImageViewer : public QDialog

Dialog for viewing and manipulating LAMMPS snapshot images.

This class provides an image viewer dialog for displaying LAMMPS snapshots created by the dump image
command. It allows interactive manipulation of visualization parameters such as zoom, rotation, atom size,
coloring, and rendering options. Changes can be applied to regenerate the image using the LAMMPS library
interface.

Public Functions

explicit ImageViewer (const QString &fileName, LammpsWrapper *_lammps, QWidget *parent = nullptr)

Constructor.
Parameters
« fileName -- Path to the image file to display
¢ _lammps -- Pointer to LammpsWrapper for regenerating images
* parent -- Parent widget

~ImageViewer () override = default

Destructor.

ImageViewer () = delete

ImageViewer (const /mageViewer&) = delete
ImageViewer (/mageViewer&&) = delete

ImageViewer &operator=(const /mageViewer&) = delete

ImageViewer &operator=_ImageViewer&&) = delete
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void createImage()

Generate image using current settings.

Constructs and executes a LAMMPS dump image command with current visualization parameters and
updates the displayed image.

SlideShow Class

class SlideShow : public QDialog

Slideshow viewer for displaying sequences of images.

SlideShow provides a dialog for viewing and navigating through sequences of images, typically from LAMMPS
dump image commands. It supports manual navigation (first/prev/next/last), automatic playback with config-
urable timing, looping, and zoom controls. Images can be exported as a movie file.

Public Functions

explicit SlideShow (const QString &fileName, QWidget *parent = nullptr)

Constructor.
Parameters
o fileName -- Path to first image file
e parent -- Parent widget

~SlideShow() override = default
Destructor.

SlideShow() = delete

SlideShow(const SlideShow&) = delete
SlideShow(SlideShow&&) = delete

SlideShow &operator=(const SlideShow&) = delete
SlideShow &operator=(SlideShow&&) = delete

void add_image (const QString &filename)
Add an image to the slideshow sequence.

Parameters
filename -- Path to image file to add

void clear ()

Clear all images from slideshow.

Dialog Components

FindAndReplace Class
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class FindAndReplace : public QDialog
Find and Replace dialog for the code editor.

FindAndReplace provides a dialog for searching and replacing text in the CodeEditor. It supports case-
sensitive/insensitive search, whole word matching, text wrapping, and batch replace operations. The dialog
is non-modal so users can continue editing while searching.

Public Functions

explicit FindAndReplace (CodeEditor *_editor, QWidget *parent = nullptr)

Constructor.
Parameters
¢ _editor -- Pointer to the CodeEditor to search in
* parent -- Parent widget

~FindAndReplace () override = default
Destructor.

FindAndReplace() = delete

FindAndReplace(const FindAndReplace&) = delete
FindAndReplace (FindAndReplace& &) = delete
FindAndReplace &operator=(const FindAndReplace&) = delete

FindAndReplace &operator=(FindAndReplace& &) = delete

SetVariables Class

class SetVariables : public QDialog
Dialog for editing LAMMPS index-style variable definitions.

SetVariables provides a dialog for managing name-value pairs that will be used as index-style variables in
LAMMPS input scripts. Users can add, delete, and edit variable definitions. The dialog supports variable sub-
stitution using ${varname} syntax.

Public Functions

explicit SetVariables (QList<QPair<QString, QString>> &vars, QWidget *parent = nullptr)

Constructor.
Parameters
 vars -- Reference to list of variable name-value pairs (modified in place)
* parent -- Parent widget

~SetVariables () override = default

Destructor.

SetVariables() = delete
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SetVariables (const SetVariables&) = delete
SetVariables(SerVariables&&) = delete
SetVariables &operator=(const SetVariables&) = delete

SetVariables &operator=(SetVariables&&) = delete

Preferences Class

class Preferences : public QDialog
Preferences/Settings dialog for LAMMPS-GUIL

This dialog provides a tabbed interface for configuring various aspects of LAMMPS-GUI including:
* General settings (LAMMPS library path, plugins, etc.)
* Accelerator package settings
* Image viewer defaults
 Editor appearance and behavior
* Chart viewer settings

Settings are persisted using QSettings and loaded on startup.

Public Functions

explicit Preferences (LammpsWrapper *lammps, QWidget *parent = nullptr)
Constructor.

Parameters
e lammps -- Pointer to LammpsWrapper for querying LAMMPS configuration
* parent -- Parent widget

~Preferences() override
Destructor - saves settings on close.

Preferences() = delete

Preferences(const Preferences&) = delete
Preferences (Preferences&&) = delete

Preferences &operator=(const Preferences&) = delete
Preferences &operator=(Preferences&&) = delete

inline void set_relaunch (bool val)
Set flag indicating application needs restart.

Some settings require restarting the application to take effect.

Parameters
val -- true if restart needed, false otherwise
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Utility Components

FileViewer Class

class FileViewer : public QPlainTextEdit

Read-only text viewer for displaying file contents.

FileViewer provides a simple read-only text window for viewing file contents. It's used in the context menu of
the code editor to view files referenced in LAMMPS input scripts (data files, potential files, etc.). The viewer
supports keyboard shortcuts for closing and stopping the simulation.

Public Functions

FileViewer (const QString &filename, const QString &title = "", QWidget *parent = nullptr)

Constructor.
Parameters
e filename -- Path to file to display
e title -- Window title (defaults to filename if empty)
e parent -- Parent widget

~FileViewer () override = default
Destructor.

FileViewer () = delete

FileViewer (const FileViewer&) = delete
FileViewer (FileViewer&&) = delete

FileViewer &operator=(const FileViewer&) = delete

FileViewer &operator=_FileViewer&&) = delete

Protected Functions

bool eventFilter (QObject *watched, QEvent *event) override
Event filter for keyboard shortcuts.

Parameters
¢ watched -- Object being watched
¢ event -- Event to filter

Returns
true if event handled, false otherwise

LogWindow Class

class LogWindow : public QPlainTextEdit
Window for displaying LAMMPS log output with warning detection.

LogWindow provides a specialized text viewer for LAMMPS log files. It highlights warnings and errors using
FlagWarnings, supports extraction of embedded YAML data, navigation to warnings, and opening error docu-
mentation URLs. The window shows a summary of detected warnings in the title bar.
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Public Functions

LogWindow (const QString &filename, QWidget *parent = nullptr)
Constructor.

Parameters
» filename -- Path to log file to display
e parent -- Parent widget

~LogWindow() override

Destructor.

LogWindow() = delete

LogWindow (const LogWindow&) = delete

LogWindow (LogWindow&&) = delete

LogWindow &operator=(const LogWindow&) = delete

LogWindow &operator=(LogWindow&&) = delete

Protected Functions

void closeEvent (QCloseEvent *event) override
Handle window close event.

Parameters
event -- Close event

void mouseDoubleClickEvent (QMouseEvent *event) override
Handle double-click to open URLs.

Parameters
event -- Mouse event

void contextMenuEvent (QContextMenuEvent *event) override

Show context menu with log-specific actions.

Parameters
event -- Context menu event

bool eventFilter (QObject *watched, QEvent *event) override
Event filter for keyboard shortcuts.

Parameters
¢ watched -- Object being watched
¢ event -- Event to filter

Returns
true if event handled, false otherwise

bool check_yaml ()
Check if log contains embedded YAML data.

Returns
true if YAML data detected, false otherwise
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FlagWarnings Class

class FlagWarnings : public QSyntaxHighlighter
Syntax highlighter for LAMMPS warning and error messages.

FlagWarnings extends QSyntaxHighlighter to detect and highlight warning and error messages in LAMMPS log
output. It also detects and highlights URLs for documentation links. The class maintains a count of warnings
and updates a summary label.

Public Functions

explicit FlagWarnings (QLabel *label = nullptr, QTextDocument *parent = nullptr)

Constructor.
Parameters
* label -- Optional label to display warning count summary
e parent -- Text document to apply highlighting to

~FlagWarnings () override = default
Destructor.

FlagWarnings() = delete

FlagWarnings (const FlagWarnings&) = delete
FlagWarnings (FlagWarnings&&) = delete

FlagWarnings &operator=(const FlagWarnings&) = delete
FlagWarnings &operator=_FlagWarnings&&) = delete

inline int get_nwarnings () const
Get the current number of warnings detected.

Returns
Number of warnings found in the document
Protected Functions

void highlightBlock (const QString &text) override
Highlight a single block (line) of text.

Searches for warning/error patterns and URLSs, applies formatting, and updates warning count.

Parameters
text -- Text to highlight

Regioninfo Class

class RegionInfo

Store settings for displaying a region in a LAMMPS snapshot image.
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Public Functions

RegionInfo() = delete

inline RegionInfo(bool _enabled, int _style, const std::string &_color, double _diameter, double _opacity, int
_npoints)

Custom constructor
Public Members

bool enabled

display region if true

int style
style of region object: FRAME, FILLED, TRANSPARENT, or POINTS

std::string color

color of region display

double diameter
diameter value for POINTS and FRAME

double opacity
opacity for TRANSPARENT

int npoints

number of points to be used for POINTS style region display

StdCapture Class

class StdCapture

Capture stdout output to a string buffer.

This class provides functionality to redirect and capture standard output (stdout) into a string buffer. Used to
capture output from LAMMPS library calls for display in the GUI.

Public Functions

StdCapture()
Constructor - initializes capture buffers.

StdCapture (const StdCapture&) = delete
StdCapture (StdCapture& &) = delete
StdCapture &operator=(const StdCapture&) = delete

StdCapture &operator=(StdCapture&&) = delete
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virtual ~StdCapture ()

Destructor - restores stdout and frees buffers.

void BeginCapture ()

Start capturing stdout.

Redirects stdout to an internal pipe for capture
bool EndCapture ()

Stop capturing stdout and restore original stdout.

Returns
true if capture was active, false otherwise

std::string GetCapture ()
Get all captured output and clear the buffer.

Returns
String containing all captured output

std::string GetChunk ()

Get a chunk of captured output without clearing.

Returns
String containing new output since last GetChunk call

double get_bufferuse() const

Get the buffer usage as a fraction of max buffer size.

Returns
Value between 0.0 and 1.0 indicating buffer fullness

Qt Helper Widgets

class QHline : public QFrame

Horizontal line widget for visual separation in dialogs.

QHline provides a simple horizontal line widget that can be used to visually separate sections in forms and
dialogs. It's essentially a styled QFrame with a horizontal line shape.

Public Functions

QHline (QWidget *parent = nullptr)

Constructor.

Parameters
parent -- Parent widget

class QColorCompleter : public QCompleter

Auto-completer for color name inputs.

QColorCompleter provides auto-completion for color names in text input fields. It suggests valid color names
from Qt's color name list as the user types.
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Public Functions

QColorCompleter (QWidget *parent = nullptr)

Constructor.

Parameters
parent -- Parent widget

class QColorValidator : public QValidator

Validator for color name inputs.

QColorValidator validates color input fields to ensure they contain valid color names or hex color codes. It can
also fix up partially entered color names to valid values.

Public Functions

QColorValidator (QWidget *parent = nullptr)

Constructor.

Parameters
parent -- Parent widget

void £fixup (QString &input) const override
Attempt to fix invalid color input.

Parameters
input -- String to fix (modified in place)

QValidator::State validate (QString &input, int &pos) const override

Validate color input string.
Parameters
¢ input -- String to validate
* pos -- Cursor position (unused)

Returns
Validation state (Invalid, Intermediate, Acceptable)

class RangeSlider : public QSlider

Custom Qt Widget implementing a variant of QSlider that has two instead of one handle.

Public Functions

RangeSlider (Qt::Orientation ot = Qt::Horizontal, QWidget *parent = nullptr)
Copyright Hoyoung Lee (2024-07-14).

hoyoung.yi @ gmail.com

This software is a computer program whose purpose is to provide "Qt widget of range slider with two
handles".

This software is governed by the CeCILL-A license under French law and abiding by the rules of distribution
of free software. You can use, modify and/or redistribute the software under the terms of the CeCILL-A
license as circulated by CEA, CNRS and INRIA at the following URL: "http://www.cecill.info".

61


mailto:hoyoung.yi@gmail.com

As a counterpart to the access to the source code and rights to copy, modify and redistribute granted by
the license, users are provided only with a limited warranty and the software's author, the holder of the
economic rights, and the successive licensors have only limited liability.

In this respect, the user's attention is drawn to the risks associated with loading, using, modifying and/or
developing or reproducing the software by the user in light of its specific status of free software, that may
mean that it is complicated to manipulate, and that also therefore means that it is reserved for developers
and experienced professionals having in-depth computer knowledge. Users are therefore encouraged to
load and test the software's suitability as regards their requirements in conditions enabling the security of
their systems and/or data to be ensured and, more generally, to use and operate it in the same conditions as
regards security.

The fact that you are presently reading this means that you have had knowledge of the CeCILL-A license
and that you accept its terms.

inline int low() const

Return the rangeslider's current low handle value.

inline void setLow(int low_limit)
Set the rangeslider's current low handle value.

inline int high() const
Return the rangeslider's current high handle value.

inline void setHigh (int high_limit)
Set the rangeslider's current high handle value.

Signals

void sliderMoved(int, int)

This signal is emitted when sliderDown is true and one of the two sliders moves.

Helper Functions

Functions

char *mystrdup (const std::string &text)
Duplicate a string from std::string.

Parameters
text -- The string to duplicate

Returns
Pointer to newly allocated C-string (caller must free)

char *mystrdup (const char *text)
Duplicate a string from C-string.

Parameters
text -- The C-string to duplicate

Returns
Pointer to newly allocated C-string (caller must free)

char *mystrdup (const QString &text)
Duplicate a string from QString.
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Parameters
text -- The QString to duplicate

Returns
Pointer to newly allocated C-string (caller must free)

int date_compare (const QString &one, const QString &two)
Compare two date strings in "YYYY-MM-DD" format.

Parameters
* one -- First date string
* two -- Second date string

Returns
-1 if one < two, 0 if equal, 1 if one > two

std::vector<std::string> split_line (const std::string &text)

Split a string into words while respecting quotes.

Parameters
text -- The string to split

Returns
Vector of words extracted from the string

class QWidget *get_main_widget ()
Get pointer to the main LAMMPS-GUI widget.

Returns
Pointer to the main widget (used for dialogs)

bool has_exe (const QString &exe)
Check if an executable is in the system PATH.

Parameters
exe -- The executable name to search for

Returns
true if executable is found in PATH, false otherwise

void purge_directory (const QString &dir)
Recursively delete all files in a directory.

Parameters
dir -- The directory to purge

bool is_light_theme()

Determine if the current Qt theme is light or dark.

Returns
true if light theme, false if dark theme
5.4 Development Guidelines
Code Style

The project follows these coding conventions:
 Indentation: 4 spaces (no tabs)

¢ Line length: Maximum 100 characters
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* Formatting: Enforced by .clang-format configuration (LLVM-based)
¢ Comments: Use Doxygen-style documentation comments

¢ Naming: - Classes: CamelCase (e.g., CodeEditor) - Functions: camelCase (e.g., reformatLine) - Members:
snake_case (e.g., reformat_on_return)

Documentation

All public classes and functions should have Doxygen documentation:

/:’: *

* @brief Brief description
* Detailed description if needed

* @param paraml Description of parameter
* @return Description of return value
:'r/

int myFunction(int paraml);

Building

See Installation for detailed build instructions. For development:

# Debug build with Qt6

cmake -S . -B build -DCMAKE_BUILD_TYPE=Debug \\
-DLAMMPS_GUI_USE_PLUGIN=yes -DBUILD_DOC=no

cmake --build build --parallel 2

Contributing
To contribute to LAMMPS-GUI:
1. Fork the repository on GitHub
2. Create a feature branch
3. Make your changes with proper documentation
4. Ensure code compiles with both Qt5 and Qt6 (if possible)
5. Test your changes thoroughly
6. Submit a pull request
All contributions must:
¢ Follow the existing code style
* Include Doxygen documentation for new public APIs
» Not break existing functionality

* Have GPG-signed commits
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5.5 LAMMPS Interface

LAMMPS-GUI can operate in two modes: Plugin Mode and Linked Mode. The mode is controlled by the -D
LAMMPS_GUI_USE_PLUGIN=(ON|OFF) CMake configuration option.

Plugin Mode (default)
LAMMPS is loaded dynamically at runtime from a shared library file (.so, .dll, .dylib). This allows using dif-
ferent LAMMPS builds with different compilation setting and different LAMMPS versions without recompiling
the GUI. The library loading is handled in LammpsWirapper using platform-specific dynamic loading functions
(dlopen() on Unix/Linux/macOS, LoadLibrary () on Windows). The path to the shared library file is auto-
detected or configured via command line or preferences.

Linked Mode LAMMPS library is linked at compile time. Used by
default when building LAMMPS-GUI as part of a LAMMPS CMake build with -D BUILD_LAMMPS_GUI=on.
For standalone builds also the -D LAMMPS_SOURCE_DIR=<path to LAMMPS' src folder> and -D
LAMMPS_LIBRARY=<path to LAMMPS shared or static library file> settings are required when con-
figuring with CMake. It may be needed to adjust the environment variable to find shared libraries
(LD_LIBRARY_PATH on Linux, DYLD_LIBRARY_PATH on macOS, or PATH on Windows) when linked to a shared
library.

5.6 Qt Integration
LAMMPS-GUI makes extensive use of Qt features:

Signals and Slots
Used for inter-component communication, especially between GUI components and background threads.

Qt Designer Forms
Main window and dialogs use .ui files edited in Qt Designer.

Qt Resource System
Icons and resources embedded via resources/lammpsgui.qrc.

Qt Models
Used for data display in various viewers and inspectors.

For more details on Qt usage, see the Qt Documentation.

5.7 Testing

The test directory contains some tests for the LAMMPS-GUI project using either the GoogleTest framework or the
Python unittest framework

Overview

The test suite uses CMake's CTest front end to select and run the tests. Tests implemented with GoogleTest are automat-
ically discovered and can be run individually or as a complete suite for each test program. Test running LAMMPS-GUI
itself use the "virtual frame buffer" X server Xv£fb and are written in Python using the unittest Python module and
the PyAutoGUI module

Building the Tests

Tests are built as part of the main project build when using -D ENABLE_TESTING=ON during CMake configuration
(default setting is OFF). Due to technical requirements, testing is currently only enabled for native Linux builds of
LAMMPS-GUIL. In any other build environments the -D ENABLE_TESTING=ON setting is ignored.
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Quick Build

For running the tests, it is not necessary to build the documentation, so its build can be skipped during configuration.

cmake -S . -B build -D LAMMPS_GUI_USE_PLUGIN=yes -D BUILD_DOC=no -D ENABLE_TESTING=ON
cmake --build build --parallel 2

Disable Tests

Tests are disabled by default. If they have been enabled during CMake configuration they can be disabled at a later
point with:To build without tests:

{Cmake -S . -B build -D ENABLE_TESTING=OFF

Running Tests

Below are some frequently used command line examples for running tests. These examples assume that LAMMPS-GUI
was compiled in the folder build

Run All Tests

[ctest --test-dir build/test

Run Tests with Verbose Output

[ctest --test-dir build/test -V

List Available Tests

The list of the names of all available tests can be obtained with:

[ctest --test-dir build/test -N

Run Specific Tests

Individual tests can be selected in different ways. Most common is the use of regular expressions to select (-R) or
exclude (-E) tests. It is also possible to select tests by a range of Test numbers (-I) from the -N test list output.
Examples:

ctest --test-dir build/test -R MyStrdup
ctest --test-dir build/test -E Frame
ctest --test-dir build/test -I 20,25

Current Test Coverage

The test infrastructure is under active development. Currently, the test suite focuses on utility functions and command-
line interface validation. Future expansion will include GUI component testing and integration tests.
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Test Organization

Tests are organized into three main categories:
1. Unit Tests: Using GoogleTest framework to test individual functions
2. Command-Line Tests: Using command-line to validate basic executable behavior

3. GUI Tests: Tests using the Python unittest framework and PyAutoGUI to run LAMMPS-GUI inside a virtual
frame buffer in a "remote controlled fashion".

Unit Tests
test_helpers.cpp

Comprehensive tests for functions in src/helpers.h and src/helpers.cpp. This module contains 28 test cases
covering utility functions used throughout the application.

String Duplication (mystrdup)
Tests for the three overloaded mystrdup functions that create heap-allocated C-style strings from different input

types:
e mystrdup(const std::string&) - From std::string

e mystrdup(const char*) - From C string (handles nullptr)

e mystrdup(const QString&) - From Qt QString
Coverage includes:

» Normal strings with content

* Empty strings

* Null pointers (C string variant)

e UTF-8 and special characters

* Long strings

Date Comparison (date_compare)
Tests for the date_compare function that compares version date strings in LAMMPS date format (e.g., "22 Jul
2025"):

¢ Same dates (returns 0)

* Different years (returns positive/negative)

* Different months (returns positive/negative)
 Different days (returns positive/negative)

¢ Full month names vs. abbreviations

¢ Invalid date formats

* Edge cases (year boundaries, month boundaries)

Line Splitting (split_line)
Tests for the split_line function that parses command-line style input with proper quote handling:

» Simple whitespace-separated tokens
* Single-quoted strings

* Double-quoted strings
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* Escaped quotes within strings

* Mixed quoting styles

* Triple-nested quotes

» Multiple consecutive whitespace characters
* Empty input

* Quotes at string boundaries

Executable Detection (has_exe)
Tests for the has_exe function that checks if an executable exists in PATH:

¢ Common system commands (sh, Is on Unix; cmd on Windows)
» Non-existent commands

* Commands with spaces in paths

¢ Platform-specific behavior (conditional compilation)

Theme Detection (is_light_theme)
Tests for the is_light_theme function that determines if the current Qt theme is light or dark:

¢ Boolean return value validation
» Consistency across calls

* No crashes on theme query

Command-Line Tests

These tests validate the 1ammps-gui executable behavior without starting the full GUI. They run quickly and are useful
for CI/CD pipelines.

CommandLine.GetVersion

Purpose: Verify version reporting consistency

This test runs:

[lammps—gui --platform offscreen -v

and validates that:
» The executable launches successfully
* Version output includes "LAMMPS-GUI (QT5)" or "LAMMPS-GUI (QT6)"
* Version number matches the PROJECT_VERSION CMake variable
* Process exits cleanly with status 0

Environment: OMP_NUM_THREADS=1 to ensure consistent behavior

CommandLine.HasPlugin

Purpose: Verify build configuration is reflected in help text

This test runs:

[lammps—gui --platform offscreen -h
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and validates that help text is consistent with CMake configuration:
* Plugin Mode (LAMMPS_GUI_USE_PLUGIN=ON): Help text includes "-p, --pluginpath <path>" option
e Linked Mode (LAMMPS_GUI_USE_PLUGIN=OFF): Help text omits plugin path option

Environment: OMP_NUM_THREADS=1 to ensure consistent behavior

GUI Tests

These tests validate LAMMPS-GUI functionality using PyAutoGUI and Xvfb (virtual frame buffer). They run the
actual GUI application in a headless X server environment, allowing automated interaction and screenshot capture.

Important Note: The argument for the screen number flag -n for xvfb-run must be different for each test, so that the
tests may run in parallel.

Framebuffer.CreateScreenshot (test_shooter.py)

Purpose: Test the screenshot wrapper utility that abstracts different screenshooter applications
Test File: test/test_shooter.py

This test validates the shooter wrapper script that provides a unified interface to various Linux screenshot utilities
(ImageMagick's import, magick import, xfce4-screenshooter, gnome-screenshooter).

The test runs:

[xvfb—run -n 11 -s "-screen 0 1024x768x24" -w 1 python test_shooter.py

within a virtual frame buffer and validates:
ScreenshotChecks.testCreateImage
¢ The shooter command executes without errors

A PNG file is created at the specified path

* The image dimensions match the virtual frame buffer size (1024x768)

* The image format is PNG

* The screenshot captures an all-black screen (expected for empty Xvfb)

* Specific pixel values at multiple locations are (0,0,0) RGB
Dependencies:

* PyAutoGUI - for screen size detection

* Pillow (PIL) - for image file validation

* One of: ImageMagick (import or magick), xfce4-screenshooter, or gnome-screenshooter
Setup/Teardown:

* setUp(): Removes leftover shot.png from previous runs

* tearDown(): Cleans up shot.png after test completion

Environment: Virtual frame buffer at 1024x768x24, PYTHONUNBUFFERED=1, PYTHONDONTWRITEBYTECODE=1,
OMP_NUM_THREADS=1
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Framebuffer.CheckSize (test_xvfbsize.py)

Purpose: Verify PyAutoGUI functionality and Xvfb screen size configuration
Test File: test/test_xvfbsize.py

This test validates that Py AutoGUI can properly interact with the virtual frame buffer created by Xvfb, which is essential
for GUI automation tests.

The test runs:

[xvfb—run -n 12 -s "-screen 0 1024x768x24" -w 1 python test_xvfbsize.py

within a virtual frame buffer and validates:
PyAutoGUIChecks.testScreenSize

* PyAutoGUI correctly detects the screen dimensions

» Screen width is 1024 pixels

* Screen height is 768 pixels
PyAutoGUIChecks.testMousePosition

* PyAutoGUI can detect the mouse cursor position

* Initial mouse position is at screen center (512, 384)

* pyautogui.moveTo() can move cursor to absolute positions

e pyautogui.moveRel () can move cursor by relative offsets

* Position queries return expected coordinates after moves
Dependencies:

* PyAutoGUI - for screen size detection and mouse control

Environment: Virtual frame buffer at 1024x768x24, PYTHONUNBUFFERED=1, PYTHONDONTWRITEBYTECODE=1,
OMP_NUM_THREADS=1

Test Fixtures and Utilities

HelpersTest Fixture
Base test fixture that creates a QCoreApplication instance for tests that require Qt functionality. The applica-
tion is created once per test suite and reused across tests for efficiency.

Platform-Specific Testing
Tests use conditional compilation (#ifdef _WIN32) to adapt to platform differences in:

 Path separators
* Line endings
* Available system executables

¢ Default shell commands

Future Test Expansion

Planned additions to the test suite include:
GUI Component Tests

» CodeEditor text manipulation
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» Syntax highlighter accuracy

* Find/replace functionality

* Auto-completion behavior
LAMMPS Integration Tests

e LammpsWrapper command execution

* Variable substitution

* Error handling

* Output capture
File I/O Tests

» File opening/saving

* Recent files management

* Auto-save functionality

* Data file inspection
Preferences Tests

 Settings persistence

* Default value initialization

* Migration between versions
Tutorial Tests

* Tutorial file generation

* Directory setup

¢ Resource extraction
Adding Tests
Create a New Test File

1. Create a new test file in the fest/ directory (e.g., test_newfile.cpp)

2. Add the test executable to test/CMakeLists.txt:

add_executable(test_newfile
test_newfile.cpp
${CMAKE_SOURCE_DIR}/src/newfile.cpp

)

target_include_directories(test_newfile PRIVATE
${CMAKE_SOURCE_DIR}/src
)

target_link libraries(test_newfile
GTest::gtest_main
Qt${QT_VERSION_MAJOR}: :Widgets

)

gtest_discover_tests(test_newfile)
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Add Tests to Existing File

Add new test cases using GoogleTest macros:

TEST_F (HelpersTest, NewTestName)

{
// Arrange
std: :string input = "test data";
// Act
auto result = function_to_test(input);
// Assert
EXPECT_EQ(result, expected_value);
}

Dependencies
* GoogleTest: Automatically fetched via CMake FetchContent (v1.15.2)
¢ Qt6: Required for Qt-dependent functions (Widgets component)

¢ CTest: Part of CMake, used for test execution

Notes
* Tests that require a Qt application context use a HelpersTest fixture that creates a QCoreApplication instance.

* Platform-specific tests (e.g., has_exe) use conditional compilation to test appropriate commands on different
operating systems.

* The test suite is designed to be easily extended with additional test files and test cases.

* GoogleTest is fetched automatically during CMake configuration, so no manual installation is required.

Cl Integration

The test suite integrates with existing CI workflows: - Tests run as part of the standard build process when EN-
ABLE_TESTING=ON - CTest provides standard output for CI systems - Tests can be disabled for documentation-only
builds
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