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CHAPTER
ONE

DOWNLOADS

Please reference this documentation as https://doi.org/10.5281/zenodo.1500663 1.

To cite the source code for this release, please cite https://doi.org/10.5281/zenodo.15006630.

1.1 Source code

* As ftp ftp://ftp.gromacs.org/gromacs/gromacs-2025.1.tar.gz
* As https https://ftp.gromacs.org/gromacs/gromacs-2025.1.tar.gz
e (md5sum 16bleea704c9912b17fc2e9eb6b86e60)

Other source code versions may be found at the web site.

1.2 Regression tests

* https://ftp.gromacs.org/regressiontests/regressiontests-2025.1.tar.gz

* (mdSsum 05315813b1f9f4b31d5531bcO1abfafs)
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CHAPTER
TWO

INSTALLATION GUIDE

2.1 Installation guide for exotic configurations

2.1.1 Special instructions for building GROMACS on less-common systems
These instructions pertain to building GROMACS 2025.1. This document is complementary to the up-to-date
installation instructions instructions.

The configurations listed here are expected to work, but are not recommended for typical users.

SYCL GPU acceleration for AMD and NVIDIA GPUs using Intel oneAPI DPC++

AMD and NVIDIA GPUs can also be used with Intel oneAPI BaseKit and Codeplay oneAPI plugins.

For most users, we recommend using CUDA (page 17) for NVIDIA GPUs and AdaptiveCpp (page 19) for AMD
GPUs instead.

AMD GPUs

After installing Intel oneAPI toolkit 2024.0 or newer, a compatible ROCm version, and the Codeplay plugin,
set up the environment by running source /opt/intel/oneapi/setvars.sh orloading an appropriate
module load on an HPC system.

Then, configure GROMACS using the following command (replace g£xXYZ with the target architecture):

cmake .. —-DCMAKE_C_COMPILER=icx —-DCMAKE_CXX_COMPILER=icpx \
-DGMX_GPU=SYCL -DGMX_SYCL=DPCPP \
-DGMX_GPU_NB_CLUSTER_SIZE=8 -DGMX_GPU_FFT_LIBRARY=vkfft \
—DSYCL_CXX_FLAGS_EXTRA='—-fsycl-targets=amd_gpu_gfxXYZ'

NVIDIA GPUs

After installing Intel oneAPI toolkit 2024.0 or newer, a compatible CUDA version, and the Codeplay plugin,
set up the environment by running source /opt/intel/oneapi/setvars.sh orloading an appropriate
module load on an HPC system.

Then, configure GROMACS using the following command:

cmake .. -DCMAKE_C_COMPILER=icx —-DCMAKE_CXX_COMPILER=icpx \
-DGMX_GPU=SYCL —-DGMX_SYCL=DPCPP \
-DGMX_GPU_NB_CLUSTER_SIZE=8 -DGMX_GPU_FFT_LIBRARY=vkfft \
-DSYCL_CXX_FLAGS_EXTRA=-fsycl-targets=nvptx64-nvidia-cuda
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For more recent NVIDIA GPUs, compiling for a specific compute capability can be beneficial for per-
formance. This is possible by setting the —fsycl-targets parameter of SYCL_CXX_FLAGS_EXTRA.
For example for an Ampere architecture GPU such as the NVIDIA A100, set -DSYCL_CXX_FLAGS_—
EXTRA=-fsycl-targets=nvidia_gpu_sm_80. Possible values are given in the DPC++ user manual.

SYCL GPU acceleration for NVIDIA GPUs using AdaptiveCpp

For most users, we recommend using CUDA (page 17) for NVIDIA GPUs.

Build and install AdaptiveCpp with CUDA backend (we recommend using the mainline Clang, not the ROCm-
bundled one).

Then, use the following command to build GROMACS (make sure to use the same compiler and set target GPU
architecture instead of sm_XY):

cmake .. —-DCMAKE_C_COMPILER=clang -DCMAKE_CXX_COMPILER=clang++ \
—-DGMX_GPU=SYCL -DGMX_SYCL=ACPP -DACPP_TARGETS='cuda:sm_ XY'

Static linking

Dynamic linking of the GROMACS executables will lead to a smaller disk footprint when installed, and so is the
default on platforms where we believe it has been tested repeatedly and found to work. In general, this includes
Linux, Windows, Mac OS X and BSD systems. Static binaries take more space, but on some hardware and/or
under some conditions they are recommended or even necessary, most commonly when you are running large
parallel simulation using MPI libraries (e.g. Cray).

* To link GROMACS binaries statically against the internal GROMACS libraries, set -DBUILD_SHARED_—
LIBS=0FF.

e To link statically against external (non-system) libraries as well, set —-DGMX_PREFER_STATIC_-
LIBS=ON. Note, that in general cmake picks up whatever is available, so this option only instructs cmake
to prefer static libraries when both static and shared are available. If no static version of an external library
is available, even when the aforementioned option is ON, the shared library will be used. Also note that the
resulting binaries will still be dynamically linked against system libraries on platforms where that is the de-
fault. To use static system libraries, additional compiler/linker flags are necessary, e.g. —static-1libgcc
—-static-libstdc++.

* To attempt to link a fully static binary set -DGMX_BUILD_SHARED_EXE=OFF. This will prevent CMake
from explicitly setting any dynamic linking flags. This option also sets -DBUILD_SHARED_LIBS=0FF
and -DGMX_PREFER_STATIC_LIBS=ON by default, but the above caveats apply. For compilers
which don’t default to static linking, the required flags have to be specified. On Linux, this is usually
CFLAGS=-static CXXFLAGS=-static.

Building on Solaris

The built-in GROMACS processor detection does not work on Solaris, so it is strongly recommended that you
build GROMACS with —-DGMX_HWLOC=on and ensure that the CMAKE_PREF IX_PATH includes the path where
the hwloc headers and libraries can be found. At least version 1.11.8 of hwloc is recommended.

2.1. Installation guide for exotic configurations 4
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RISC-V with VEC unit

GROMACS runs on RISC-V. The non-bonded kernel can be ran on the VEC vector unit, when
available. To enable this, add -DENABLE_NBNXM_CPU_VECTORIZATION=on to the CMAKE_-
CXX_FLAGS. A clang compiler is required with version >=I19. If you want to check which
loops have been vectorized, add -Rpass=loop-vectorize -Rpass-missed=loop-vectorize
-Rpass—-analysis=loop-vectorize to the CMAKE_CXX_FLAGS. When calling gmx mdrun, set the
GMX_NBNXN_PLAINC_1X1 environment variable to choose the correct kernel.

2.2 Introduction to building GROMACS

These instructions pertain to building GROMACS 2025.1. You might also want to check the up-to-date installation
instructions.

2.2.1 Quick and dirty installation

1. Get the latest version of your C and C++ compilers.

Check that you have CMake version 3.28 or later.

Get and unpack the latest version of the GROMACS tarball.
Make a separate build directory and change to it.

Run cmake with the path to the source as an argument

Run make, make check,and make install

NS R » N

Source GMXRC to get access to GROMACS
Or, as a sequence of commands to execute:

tar xfz gromacs-2025.1l.tar.gz

cd gromacs-2025.1

mkdir build

cd build

cmake .. —-DGMX_BUILD_OWN_FFTW=ON -DREGRESSIONTEST_DOWNLOAD=ON
make

make check

sudo make install

source /usr/local/gromacs/bin/GMXRC

This will download and build first the prerequisite FFT library followed by GROMACS. If you already have
FFTW installed, you can remove that argument to cmake. Overall, this build of GROMACS will be correct and
reasonably fast on the machine upon which cmake ran. On another machine, it may not run, or may not run fast.
If you want to get the maximum value for your hardware with GROMACS, you will have to read further. Sadly,
the interactions of hardware, libraries, and compilers are only going to continue to get more complex.

2.2.2 Quick and dirty cluster installation

On a cluster where users are expected to be running across multiple nodes using MPI, make one installation
similar to the above, and another using ~-DGMX_MPI=on. The latter will install binaries and libraries named
using a default suffix of _mpi ie gmx_mpi. Hence it is safe and common practice to install this into the same
location where the non-MPI build is installed.

2.2. Introduction to building GROMACS 5
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2.2.3 Typical installation
As above, and with further details below, but you should consider using the following CMake options (page 15)
with the appropriate value instead of xxx :

e -DCMAKE_C_COMPILER=xxx equal to the name of the C99 compiler (page 7) you wish to use (or the
environment variable CC)

* -DCMAKE_CXX_COMPILER=xxx equal to the name of the C++17 compiler (page 7) you wish to use (or
the environment variable CXX)

e —DGMX_MP I=on to build using MPI support (page 10)

e —DGMX_GPU=CUDA to build with NVIDIA CUDA support enabled.

* —-DGMX_GPU=0penCL to build with OpenCL support enabled.

e —DGMX_GPU=SYCL to build with SYCL support enabled (using Intel oneAPI DPC++ by default).

e —DGMX_SYCL=ACPP to build with SYCL support using AdaptiveCpp (hipSYCL), requires ~DGMX_—
GPU=SYCL.

* —DGMX_SIMD=xxx to specify the level of SIMD support (page 15) of the node on which GROMACS will
run

e —DGMX_DOUBLE=0n to build GROMACS in double precision (slower, and not normally useful)

e -DCMAKE_PREFIX_PATH=xxx to add anon-standard location for CMake to search for libraries, headers
or programs (page 17)

¢ —DCMAKE_INSTALL_PREFIX=xxx to install GROMACS to a non-standard location (page 15) (default
/usr/local/gromacs)

e —DBUILD_SHARED_LIBS=0off to turn off the building of shared libraries to help with szatic linking
(page 4)

e -DGMX_FFT_LIBRARY=xxx to select whether to use fftw3, mk1 or fftpack libraries for FFT sup-
port (page 11)

e -DCMAKE_BUILD_TYPE=Debug to build GROMACS in debug mode

2.2.4 Building older versions

Installation instructions for old GROMACS versions can be found at the GROMACS documentation page.

2.3 Prerequisites

2.3.1 Platform

GROMACS can be compiled for many operating systems and architectures. These include any distribution of
Linux, macOS or Windows, and architectures including 64-bit x86 (AMD64/x86-64), several PowerPC including
POWERY9, ARM v8, and RISC-V.

2.3. Prerequisites 6
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2.3.2 Compiler

GROMACS can be compiled on any platform with ANSI C99 and C++17 compilers, and their respective standard
C/C++ libraries. Good performance on an OS and architecture requires choosing a good compiler. We recommend
gcc, because it is free, widely available and frequently provides the best performance.

You should strive to use the most recent version of your compiler. Since we require full C++17 support the
minimum compiler versions supported by the GROMACS team are

* GNU (gec/libstdc++) 11
e LLVM (clang/libc++) 14
¢ Microsoft (MSVC) 2019

Other compilers may work (Cray, Pathscale, older clang) but do not offer competitive performance. We recom-
mend against PGI because the performance with C++ is very bad.

The Intel classic compiler (icc/icpe) is no longer supported in GROMACS. Use Intel’s newer clang-based compiler
from oneAPI, or gcc.

The xlc compiler is not supported and version 16.1 does not compile on POWER architectures for GROMACS-
2025.1. We recommend to use the GCC compiler, version 9.x to 11.x. Note: there are known issues (page 30)
with GCC 12 and newer.

You may also need the most recent version of other compiler toolchain components beside the compiler itself (e.g.
assembler or linker); these are often shipped by your OS distribution’s binutils package.

C++17 support requires adequate support in both the compiler and the C++ library. The gcc and MSVC compilers
include their own standard libraries and require no further configuration. If your vendor’s compiler also manages
the standard library library via compiler flags, these will be honored. For configuration of other compilers, read
on.

On Linux, the clang compilers typically use for their C++ lib