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PYTHON WHEELS, 
CONDA,  VENV

INCONSISTENT
SOFTWARE STACK

Compiled 
code

Python
packages

Mixed
packages

¡ MPI 

¡ netCDF

¡ most nceplibs

¡ eckit, fckit, atlas

¡ MPI4py

¡ netCDF4py

¡ Boto3

¡ Pybind11

¡ matplotlib

¡ numpy

¡ scipy

¡ bufr
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A BOLD IDEA

What if …

¡ we had only one software stack to develop, maintain,
and support,

¡ that stack provided everything to build the UFS and
the JEDI applications,

¡ there was a single authoritative installation on each 
supported system,

¡ this stack solved our Python environment issues,

¡ it had solid automatic testing capabilities,

¡ and it had comprehensive documentation?

spack-stack



SPACK-STACK

Joint effort of EMC and JCSDA

Spack package manager (LLNL)

One stack to
build them all

ufs-weather-model

global-workflow

jedi-ewok

ufs-srw-app

jedi-fv3

jedi-mpas
jedi-um

jedi-ufs

gfs-wafs
gldas

gsi
gw-python

ufswm-python

jedi-tools

soca

ufs-utils

upp ww3

nceplibs

https://github.com/noaa-emc/spack-stack https://spack-stack.readthedocs.io/en/latest



https://spack.io

“Spack is a package manager for supercomputers, Linux, and macOS. It
makes installing scientific software easy. Spack isn't tied to a particular
language; you can build a software stack in Python or R, link to libraries
written in C, C++, or Fortran, and easily swap compilers or target specific
microarchitectures”

¡ Compile all packages with the same compiler

¡ Use compiled dependencies when building Python packages

¡ Full control over versions, build types, and variants

¡ Create lua/lmod or tcl/tk environment modules

¡ Configure compiler toolchains

¡ Build containers from spack configuration files

¡ Currently 6400+ packages (1800+ Python packages)

¡ A huge community contributing packages and updates

https://computing.llnl.gov/projects/spack-hpc-package-manager



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

Releases (packages/versions
defined), e.g. skylab-1.0.0

Module templates for external
dependencies (e.g. ecflow)

Fork of spack repo with more
packages and spack extension

Container recipes

Common config files

Package versions (latest)

Miniconda install script etc.



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

Fully supported in 1st release

Generic site configs

Fully supported in 1st release

}

Used by NG-GODAS!



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

spack cmd extension
included in this directory

Additional packages
Convenience (env) packages

Packages in auth. spack repo



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

$ source setup.sh

$ spack stack create env --site=orion \
--template=skylab-1.0.0 \
--name=skylab-1.0.0

$ spack env activate -p \
envs/skylab-1.0.0

$ spack concretize

$ spack install

$ spack module lmod refresh

$ spack stack setup-meta-modules

Creating a new environment on a preconfigured platform



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

$ source setup.sh

$ spack stack create env --site=macos.default ...

$ spack env activate -p envs/skylab-1.0.0

$ export SPACK_SYSTEM_CONFIG_PATH="envs/skylab-.../site"

$ spack external find --scope system # finds build pkgs
# Run a few more times for other pkgs (python, ...)

$ spack compiler find --scope system # finds compilers

$ export –n SPACK_SYSTEM_CONFIG_PATH

$ spack config add ... # add package config options

$ spack concretize && spack install

$ spack module lmod refresh

$ spack stack setup-meta-modules

Creating a new environment on a configurable/user platform

https://spack-stack.readthedocs.io/en/latest/Platforms.html#macos
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https://spack-stack.readthedocs.io/en/latest/Platforms.html


SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

$ spack env activate –p envs/skylab-1.0.0

$ spack info ecmwf-atlas

$ spack spec esmf

$ spack find [-v –l ecmwf-atlas]

$ spack add esmf@8.4.0bs08 +debug

$ spack clean -a

$ spack env deactivate

...

https://spack.readthedocs.io/en/latest/

Useful (native) spack commands

mailto:esmf@8.4.0bs08
https://spack.readthedocs.io/en/latest/


SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

$ spack env activate –p envs/skylab-1.0.0

$ spack info ecmwf-atlas

$ spack spec esmf

$ spack find [-v –l ecmwf-atlas]

$ spack add esmf@8.4.0bs08 +debug

$ spack clean -a

$ spack env deactivate

...

https://spack.readthedocs.io/en/latest/

Useful (native) spack commands

mailto:esmf@8.4.0bs08
https://spack.readthedocs.io/en/latest/


SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

Source/build cache

Spack environment

Meta-modules



USER INTERFACE

Almost no changes for users of hpc-stack or jedi-stack

Example: MSU Orion with Intel 2022.0.2

module purge

module use /path/to/external/modulefiles
module load miniconda/3.9.7
module load ecflow/5.8.4

module use /path/to/spack/env/install/modulefiles/Core
module load stack-intel/2022.0.2
module load stack-intel-oneapi-mpi/2021.5.1
module load stack-python/3.9.7

module available



SPACK-STACK 
1.0.2 RELEASE ¡ Supported platforms: NASA Discover (Intel, GNU), MSU 

Orion (Intel, GNU),  AWS Red Hat and Ubuntu (GNU)

¡ Will be expanded over the next weeks and months

¡ Supported application: Skylab 1.0 (JEDI-FV3 + EWOK)

¡ Basically ready to use with other applications, e.g. the
ufs-weather-model, but these haven’t been fully tested

¡ CI tests using GitHub actions and self-hosted runners



SPACK-STACK

https://github.com/noaa-emc/spack-stack
https://spack-stack.readthedocs.io/en/latest 

$ source setup.sh

$ spack stack create ctr \
docker-ubuntu-gcc-openmpi \
--template=empty

$ cd envs/docker-ubuntu-gcc-openmpi

# Edit spack.yaml and add specs to build

$ spack containerize > Dockerfile

$ docker build -t myimage .

$ docker run -it myimage

Work in progress: Creating containers from spack

Important: Uses a spack branch that must be accessible
on Github. Packages must be accessible w/o authentication (so far).



QUO VADIS?

¡ Formalizing collaboration between EMC and JCSDA
on spack-stack (developing a project charter)

¡ Looking for additional partners

¡ EPIC? Use spack-stack for public releases, support
to the community, manage one or more platforms

¡ NASA? Build GEOS GCM out of the box with
spack-stack, share Discover management

¡ Release cycles, directory structures, mechanisms for 
automated testing on hard iron and automated updates

¡ Sharing platform management (installation, maintenance): 
roles and responsibilities of partner organizations

¡ Mid-term future: install UFS and JEDI releases via spack

spack install ufs-srw-app@3.0.1 skylab@2.0.0

spack-stack
https://github.com/NOAA-EMC/spack-stack/
https://spack-stack.readthedocs.io/en/latest/

https://github.com/NOAA-EMC/spack-stack/issues/246
mailto:ufs-srw-app@3.0.1
mailto:skylab@2.0.0
https://github.com/NOAA-EMC/spack-stack/
https://spack-stack.readthedocs.io/en/latest/

