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E4S: Extreme-scale Scientific Software Stack

» Curated, Spack based software distribution
« Spack binary build caches for bare-metal installs
— x86_64, ppco4le (IBM Power 9), and aarch64 (ARMG64)

» Container images on DockerHub and E4S website of pre-built binaries of ECP ST products
» Base images and full featured containers (with GPU support)
» GitHub recipes for creating custom images from base images
GitLab integration for building E4S images
E4S validation test suite on GitHub
E4S-cl container launcher tool for MPI substitution in applications using MPICH ABI
E4S VirtualBox image with support for container runtimes

* Docker

e Singularity

e Shifter

e Charliecloud

« AWS and GCP images to deploy E4S
ECP s
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E4S: HPC Software Ecosystem — a curated software portfolio

Extreme-scale Scientific Software Stack (E4S) @ Sp ack

A Spack-based distribution of software tested for interoperability and portability to multiple architectures with support
for GPUs from NVIDIA, AMD, and Intel in a single distribution

Available from source, containers, cloud, binary caches
Leverages and enhances SDK interoperability thrust

Not a commercial product — an open resource for all

Oct 2018: E4S 0.1 - 24 full, 24 partial release products
Jan 2019: E4S 0.2 - 37 full, 10 partial release products

Nov 2019: E4S 1.0 - 50 full, 5 partial release products

Feb 2020: E4S 1.1 - 61 full release products

Nov 2020: E4S 1.2 (aka, 20.10) - 67 full release products https _//e4S io

Feb 2021: E4S 21.02 - 67 full release, 4 partial release

May 2021: E4S 21.05 - 76 full release products
Aug 2021: E4S 21.08 - 88 full release products

Nov 2021: E4S 21.11 - 91 full release products

Feb 2022: E4S 22.02 — 100 full release products Also include other products .e.g.,
Al: PyTorch, TensorFlow (CUDA, ROCm)
May 2022: E4S 22.05 — 101 full release products Co-Design: AMReX, Cabana, MFEM
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https://e4s.io/

Spack

E4S uses the Spack package manager for software delivery
Spack provides the ability to specify versions of software packages that are and are not

interoperable.
Spack is a build layer for not only E4S software, but also a large collection of software tools

and libraries outside of ECP ST.
Spack supports achieving and maintaining interoperability between ST software packages.

https://spack.io



https://spack.io/

Scientific software is becoming extremely

complex
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Even proprietary codes are based on many open source libraries

‘ gsl | Laser | gperftools

Scallop i GA
Types of Packages

ncurses

» Half of this DAG is external (blue); more than half of it is open source

« Nearly all of it needs to be built specially for HPC to get the best performance




The Exascale Computing Project is building an entire ecosystem

o 5+ target architectures/platforms
15+ applications X 80+ software packages X Xeon Power KNL

NVIDIA ARM Laptops?

Up to 7 compilers 10+ Programming Models . ;
X Intel GCC Clang XL X OpenMPl MPICH MVAPICH OpenMP CUDA @ X 2-3 "e"ts'onslg eacg pac:kage i
PGl Cray NAG OpenACC Dharma Legion RAJA Kokkos external dependencies

= up to 1,260,000 combinations!

» Every application has its own stack of dependencies.
» Developers, users, and facilities dedicate (many) FTEs to building & porting.
» Often trade reuse and usability for performance.

We must make it easier to rely on others’ software!




How to install software on a supercomputer
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What about modules?

* Most supercomputers deploy some form of environment modules
-~ TCL modules (dates back to 1995) and Lmod (from TACC) are the most popular

$ gcc
- bash: gcc: command not found

$ module load gcc/7.0.1
$ gcc —dumpversion
7.0.1

 Modules don’t handle installation!
— They only modify your environment (things like PATH, LD LIBRARY_ PATH, etc.)

« Someone (likely a team of people) has already installed gcc for you!
— Also, you can only ‘'module load" the things they've installed




Spack is a flexible package manager for HPC

« How to install Spack (works out of the box):

$ git clone https://github.com/spack/spack
$ . spack/share/spack/setup-env.sh

 How to install a package:

$ spack install tau

« TAU and its dependencies are installed
within the Spack directory.

» Unlike typical package managers, Spack can also install
many variants of the same build.

— Different compilers
— Different MPI implementations
— Different build options

Visit spack.io

Q github.com/spack/spack

y @spackpm



https://github.com/LLNL/spack.git

Spack provides the spec syntax to describe custom configurations

$ git clone https://github.com/spack/spack
$ . spack/share/spack/setup-env.sh
$ spack compiler find # set up compilers
$ spack external find # set up external packages
$ spack install tau unconstrained
$ spack install tau@2.31 @ custom version
$ spack install tau@2.31 %gcc@9.3.0 % custom compiler
$ spack install tau@2.31 %gcc@9.3.0 +rocm +/- build option
$ spack install tau@2.31 %gcc@9.3.0 +mpi Amvapich2@2.3~wrapperrpath A dependency information

 Each expression is a spec for a particular configuration
— Each clause adds a constraint to the spec
— Constraints are optional — specify only what you need.
— Customize install on the command line!

e Spec syntax is recursive
— Full control over the combinatorial build space

ECP =25



https://github.com/LLNL/spack.git

‘spack find" shows what is installed

[sameer@login2.crusher ~1$ spack find

==> 702 installed packages

—— cray-slesl5-zen3 / gcc@l1.2.0

adiak@n.2.1

adios@1.13.1

adios2@2.8.0

adlbx@1.0.0

adol-c@2.7.2

aml@n.1.0

amrex@22.05

amrex@22.05

ant@1.10.7

antlr@2.7.7

arborx@l.l

arborx@l.2

arborx@l.2

archer@2.0.0

argobots@l.1

arpack- 3.8.0

asio@l.16.1

asio@1.21.0

assimp@5.2.3
at-spi2-atk@2.38.0
at-spi2-core@2.40.1
atk@2.36.0

autoconf@2.69
autoconf-archive@2022.02.11
automake@l.15.1
automake@l.16.5

axl@n.3.0

axl@n.5.0

axom@o.6.1

bdftopcf@l.o.5
berkeley-db@18.1.40
binutils@2.38

bison@3.8.2
blaspp@2021.04.01
blaspp@2021.04.01

blten.4.1
blteo.4.1
bolt@z.o
boost@l.76.
boost@l.79.
boost@l.79.
boost@l.79.
boost@l.79.
boost@l.79.
boost@l.79.
boost@l.79.
boost@l.79.
boost@1l.79.
butterflypack@2.1.1
bzip2@1.0.8
c-blosc@l.21.1
cabana@?.4.0
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Terminal — ssh crusher — 198x57

gdbm@1.19

gdk-pixbuf@2.42.6
gettext@o.21

ginkgo@l.4.0

ginkgo@l.4.0

git@2.35.2

glib@2.72.1

glib@2.72.1

globalarrays@5.8
glproto@l.4.17

gmake@4. 3

gmp@6.2.1

gmp@6.2.1
gobject-introspection@l.56.1
googletest@l.8.1
googletest@l.10.0
gotcha@l.0.3

gperf@s.1

gperftools@2.9.1
gptune@s.o.o

graphlib@3.0.0
graphviz@2.49.0

gsl@2.7.1
harfbuzze4.
harfbuzz@4.
hdf5@1.8.22
hdf5@1.10.7
hdf5@1.12.2
heffte@2.2.0
heffte@
help2mane
hip@s.1.0
hipblas@5.1.0
hipify-clang@5.1.0
hipsparse@5.1.0
hpctoolkit@2022.04.15
hpcviewer@2022.03
hpx@1.7.1

hpx@1.7.1
hsa-rocr-dev@s.1.0
hsakmt-roct@5.1.0
hwloc@2.7.1
hypre@2.24.0
icudc@67.1

icudc@67.1
inputproto@2.3.2
intel-tbb@2020.3
intel-xed@2022.04.17
intltool@0.51.0
jansson@2.13.1

jqel.6

json-c@0.15

I

libxkbcommon@l.4.0
libxkbcommon@l.4.0
libxkbfile@l.0.9
1ibxm12@2.9.13
libxrandr@l.5.0
libxrender@?.9.10
libxt@l.1.5
libxtst@l.2.2
libyaml@0.2.5
libyogrtel.27
libzmq@4.3.4
1lvm@s. 0.0
1lvm@12.0.1
1lvm-amdgpu@5.1.0
1lvm-openmp-ompt@tré_forwards
lua@5.3.5
lua-luaposix@35.0
lwgrp@l.o.5
1z4@1.9.3

1zo@2.10

m4@l.4.19
magma@2.6.2
mbedtls@2.28.0
med@4.0.0
memkind@1.13.0
mercury@2.1.0
mercury@2.l.
mesa@21.3.8
meson@o.62.1
meson@f.62.1
metall@o.20
metis@5.1.0
mfem@4.4.0
mfem@4.4.0
mkfontdir@l.o.7
mkfontscale@l.1.2
mmges.6.0
mochi-margo@?.9.9
mount-point-attributes@master
mpark-variant@l.4.0
mpc@l.2.1
mpfr@4.1.0
mpfr@4.1.0
mpich@4.0.2
mpifileutils@n.11.1
mrnet@5.0.1-3
munge@n.5.14
muparser@?.2.6.1
nasm@2.15.05
ncemp@l.9.0.1
nco@5.0.1
ncurses@6. 2

pmix@4.1.2
precice@2.4.0
protobuf@3.18.0
pugixml@l.11.4
pumi@2.2.7
py-alembic@l.5.5
py-anyio@3.5.0
py-apache-libcloud@l.2.1
py-argon2-cffi@21.3.0
py-argon2-cffi-bindings@21.2.0
py-astroid@2.11.4
py-asttokens@2.0.5
py-async-generator@l.10
py-attrs@z1.4.0
py-autograd@l.3
py-babel@2.9.1
py-backcall@o.2.0
py-bcrypt@s.2.o
py-beniget@0n.4.1
py-black@22.1.0
py-bleach@4.1.0

py-bottleneck@l.3.2
py-certifi@2021.10.8
py-certipy@0.1.
py-cffi@l.15.0
py-charset-normalizer@2.0.12
py-cinemasci@l.7.0
py-click@s.o.3
py-cloudpickle@l.6.0
py-colorama@®.4.4
py-configspace@?d.4.20
py-cppheaderparser@2.7.4
py-cppy@l.1.0
py-cryptography@3.2.1
py-cryptography@3.4.8
py-cycler@o.11.0
py-cython@o.29.24
py-cython@3.0.0a9
py-debugpy@l.5.1
py-decorator@5.1.1
py-defusedxml@0.7.1
py-deprecation@2.1.0
py-dill@e.3.4
py-docutils@®.18.1
py-entrypoints@0.4
py-executing@0.8.2
py-filelock@s.5.0
py-flit@3.6.0
py-flit-core@3.6.0
py-fn-py@0.5.2

py-nest-asyncio@l.5.4
py-netifaces@0.10.5
py-networkx@2.7.1
py-notebook@6.4.5

4.
py-numexpr@z.7.3
py-numexpr@2.7.3
py-numpy@1.21.5
py-numpy@l.22.3
py-oauthlib@3.1.1
py-opentuner@?.8.7
py-packaging@21.3
py-pamela@l.0.0
py-pandas@l.4.2
py—-pandas@l.4.2
py-pandocfilters@l.5.0
py-paramiko@2.7.1
py-paramz@®.9.5
py-parse@l.18.0
py-parsl@l.1.0
py-parso@?.s.2
py-pathspec@?.9.0
py-patsy@d.5.2
py-periodictable@l.5.0
py-petscdpy@3.17.1
py-pexpect@4.s.0
py-pickleshare@d.7.
py-picmistandard@o.
py-pika@o.13.0
py-pillow@?.0.0

o w
=
©

py-pi
py-pkgconfig@l.5.5
py-platformdirs@2.4.0
py-ply@s.11
py-poetry-core@l.0.8
py-prometheus-client@0.12.0
py-prompt-toolkit@3.0.29
py-psutile5.8.0
py-ptyprocess@?.7.0
py-pure-eval@d.2.2
py-py@l.11.0
py-pyaml@21.8.3
py-pybind11@2.8.1
py-pycairo@l.20.0
py-pycparser@2.20
py-pyelftools@?.26
py-pygments@2.10.0
py-pyjwt@2.1.0
py-pyjwt@z.1.0
py-pylint@2.13.5

py-warlock@l.3.3

py-warpx@22.05

py-warpx@22.05

py-warpx@22.05

py-wcwidth@o.2.5

py-webencodings@?.5.1

py-websocket-client@l.2.1

py-wheel@?.37.0 PY

py-wheel@d.37.0

py-widgetsnbextension@3.6.0

py-wrapt@l.13.3

py-ytopt-autotune@l.1.0

py-zipp@3.6.0

py-zope-event@4.5.0

py-zope-interface@5.4.0

pygmo@2.18.0

python@3.8.13

python@3.8.13

ghull@2020.2

qt@5.15.4

qthreads@l.16

raja@o.14.0 [ ]

raja@e.14.0

randrproto@l.5.0

rankstr@?.1.0

readline@s. 1

recordproto@l.14.2

redset@?.1.0

renderproto@?.11.1

rochlas@s.1.0

rocfft@s.1.0

rocminfo@5.1.0

rocprim@s.1.0

rocrand@5.1.0

@5.1.
1
1

rocsparse@s.
rocthrust@s.
ruby@3.1.0
ruby-hpricot@0.8.6
ruby-mustache@l.1.1
ruby-rdiscount@2.2.0.2
ruby-ronn@o.7.3

rust@l.60.0

rust@l.60.0

scotch@7z.0.1 L
sed@4.2.2

shared-mime-info@l.9
shuffile@o.1.0

slate@2021.05.02

slepc@3.17.1

slepc@3.17.1

slepc@3.17.1

SR

All the versions coexist!

— Muiltiple versions of same
package are ok.

Packages are installed to
automatically find correct
dependencies.

Binaries work regardless of
user’s environment.

Spack also generates
module files.

— Don’t have to use them.




The Spack community is growing rapidly

 Spack simplifies HPC software for:
— Users
— Developers
— Cluster installations
— The largest HPC facilities

 Spack is central to ECP’s software strategy
— Enable software reuse for developers and users
— Allow the facilities to consume the entire ECP stack

« The roadmap is packed with new features:
— Building the ECP software distribution
— Better workflows for building containers
— Stacks for facilities
— Chains for rapid dev workflow
— Optimized binaries
— Better dependency resolution

Visit spack.io
O github.com/spack/spack

y @spackpm




Facility Deployment: https://dashboard.e4s.io
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Facility Deployments - Summary

System

Polaris

Polaris

Perlmutter

Perlmutter

Crusher

Crusher

Crusher

Crusher

JLSE

Crusher

Crusher

Crusher

JLSE

Deployment

E4S 22.05, PrgEnv-gnu, MVAPICH2

E4S 22.05, PrgEnv-gnu

E48S 22.05, PrgEnv-gnu, MVAPICH2

EA4S 22.05, PrgEnv-gnu

E4S 22.05, PrgEnv-gnu, MVAPICH2

E4S 22.05, PrgEnv-gnu

EA4S 22.05, PrgEnv-amd

EA4S 22.05, PrgEnv-cray

E4S 22.05, oneAPI

E48S 22.02, PrgEnv-gnu

E4S 22.02, PrgEnv-cray

E4S 22.02, PrgEnv-amd

EA4S 22.02, oneAPI

L)
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Spack Details

/soft/ecp/ParaTools/E4S/22.05/mvapich2/spack
/soft/ecp/ParaTools/E4S/22.05/mvapich2/spack.yaml
/soft/ecp/ParaTools/E4S/22.05/mvapich2/module-use.sh
module load e4s/22.05/mvapich2

/soft/ecp/ParaTools/E4S/22.05/PrgEnv-gnu/spack
/soft/ecp/ParaTools/E4S/22.05/PrgEnv-gnu/spack.yaml
/soft/ecp/ParaTools/E4S/22.05/PrgEnv-gnu/module-use.sh
module load e4s/22.05/PrgEnv-gnu

/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/mvapich2-3.0a-slurm/spack

/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/mvapich2-3.0a-slurm/spack.yaml
/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/mvapich2-3.0a-slurm/module-use.sh

/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv-gnu/spack
/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv-gnu/spack.yaml
/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv-gnu/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/mvapich2/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/mvapich2/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/mvapich2/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-gnu/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-gnu/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-gnu/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-amd/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-amd/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-amd/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-cray/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-cray/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.05/PrgEnv-cray/module-use.sh

/soft/ecp/ParaTools/E4S/22.05/spack
/soft/ecp/ParaTools/E4S/22.05/spack.yam]
/soft/ecp/ParaTools/E4S/22.05/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-gnu/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-gnu/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-gnu/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-cray/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-cray/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-cray/module-use.sh

/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-amd/spack
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-amd/spack.yaml
/gpfs/alpine/csc439/world-shared/E4S/ParaTools/22.02/PrgEnv-amd/module-use.sh

/soft/ecp/ParaTools/E4S/22.02/spack
/soft/ecp/ParaTools/E4S/22.02/spack.yam]
/soft/ecp/ParaTools/E4S/22.02/module-use.sh

Root Specs Installed

108/139

108/139

111/142

125/144

112/139

117/130

99/131

96/130

79/110

107/121

83/119

71/117

62/105

Spack Environment Test Results

spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
-restricted- Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
spack.yaml Testsuite
-restricted- Testsuite

Default modules for E4S on JLSE and Polaris at ALCF for all users:
% module avail e4s/22.05




E4S 22.05 on Perimutter using PrgEnv-gnu

sameer@perlmutter:logini3:~> module use $CFS/m3896/shared/modulefiles
sameer@perlmutter:logini3:~> module avail eé4s

/global/cfs/cdirs/m3896/shared/modulefiles
e4s/mvapich2/22.05 e4s/PrgEnv-gnu/22.05

/global/common/software/nersc/pm-2022.05.0/extra_modulefiles
e4s/spack-develop e4s/21.11-1mod e4s/21.11-tcl (D) spack/e4s-22.02 (D)

Where:
D: Default Module

Use "module spider" to find all possible modules and extensions.
Use "module keyword keyl key2 ..." to search for all possible modules matching any of the "keys".
sameer@perlmutter:logini3:~> module load e4s/PrgEnv-gnu

Due to MODULEPATH changes, the following have been reloaded:
1) cray-mpich/8.1.15

sameer@perlmutter:logini3:~> spack find +cuda cuda_arch=80
==> 25 installed packages
—— cray-slesl5-zen3 / gcc@11.2.0

adios202.8.0 chai(2.4.0 hypre(®2.24.0 legion(21.03.0 raja0.14.9 sundials®6.2.0 zfpo.5.5
arborx®1.2 ginkgo®1.4.0 kokkos(®3.6.00 magma®2.6.2 slate(02021.05.02 superlu-dist(7.2.90
caliper®2.7.0 heffte2.2.0 kokkos(3.6.00 mfem@4.4.0 slepc(®3.17.1 tasmanian@®7.7

camp0.2.2 hpxP1.7.1 kokkos—-kernels®3.6.00 petsc3.17.1 strumpack®6.3.1 umpire@®6.0.0

sameer@perlmutter:logini3:~> module avail nvhpc

————— /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/share/spack/1lmod/cray-sles15-x86_64/Core —————
nvhpc/22.3

/opt/cray/pe/1lmod/modulefiles/mix_compilers
nvhpc-mixed/21.3 nvhpc-mixed/21.11 (D)

/opt/cray/pe/1lmod/modulefiles/core
nvhpc/21.3 nvhpc/21.11 (D) PrgEnv-nvhpc/8.3.2 PrgEnv-nvhpc/8.3.3 (D)

/opt/modulefiles
nvhpc/21.3 nvhpc/21.11

/‘;\\
\ EXASCALE
E (l }lD COMPOTING
PROJECT
\=




WWWWWWWWWRNNNNNNNNNNRRRPRRRRRRRE
oNOUA,WNRPROCOVONOUUAWNREROOOVONOURA,WNRELOS

LCo~NOOULAWNRE

Perlmutter @ NERSC: E4S 22.05 with SLURM and gcc@11.2.0

adios2

aml

amrex

arborx

archer
argobots

axom

bolt
butterflypack

: cabana

: caliper

: chai

: charliecloud

: conduit

: darshan-runtime
: datatransferkit
: dyninst

: faodel

: flit

: fortrilinos

: gasnet

: ginkgo

: globalarrays

: gotcha

: gptune

: hdf5

: heffte

: hpx

: hypre

: kokkos

: kokkos-kernels
: lammps

: legion

: libquo

! magma

! mercury

: metall

: mfem
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mpark-variant
nccmp
nco

netlib-scalapack

nrm
omega-h
openmpi
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papi

papyrus
parsec

pdt

petsc
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precice
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scr
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zfp
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42: mpark-variant /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/mpark-variant-1.4.0-uvr4bft4rni7i254ctevurkikuv36zé6x
43: mpifileutils /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/mpifileutils-0.11.1-zs6fdx5wxdpuoilayjtj47rrtqckj2z4
44: nccmp /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/nccmp-1.9.0.1-mfryg4t3s46zirshzvuslz7gqeabhlmg

45: nco /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/nco-5.0.1-tk7gnyokee7zipékp3vr4s6fx2vawak36

46: netlib-scalapack /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/netlib-scalapack-2.2.0-dhiu327cln5fql3djmya2qg56sudyuyve
47: nrm /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/nrm-0.1.0-7dphpnstxxwwtvqgjfqtne2vm25syq5o0k

48: omega-h /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/omega-h-9.34.1-bc76qpjlagn4sttohy6fgavbu7v2zrgfy

49: openmpi /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/openmpi-4.1.3-gw3a4bvon2tyeg55baaui7pvedk45c42

50: openpmd-api /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/openpmd-api-0.14.4-méohwjdwzjsytqfaspkvk2ygmlrgx4ns

51: papi /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/papi-6.0.0.1-05pxe7ejjzala2ySbwreivéutoldksmz

52: papyrus /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/papyrus-1.0.2-ggjpdneiuvyoizfwkiglhedwjgxje47w

53: parallel-netcdf /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/parallel-netcdf-1.12.2-zwbammyyjbbfunvurlbh3g7qvmg3mmkn
54: parsec /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/parsec—-3.0.2012-xyu7xpkvn2c7hrx7vysha4da2cduwrgf

55: pdt /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/pdt-3.25.1-4wzbhsadvubupiréeowsgbymg2op3a5j

56: petsc /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/petsc-3.17.1-u7tsfkjnw3onz7fojsbywagkezuzyrss

57: phist /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/phist-1.9.5-1q76cw473chjmuvevsjnwhfwdmlcdwdq

58: plasma /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/plasma-21.8.29-6wzczv2jgnn23s7gc2ujfxql3yvzysckb

59: precice /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/precice-2.4.0-v2gv4iluyrsbuzhpgb5b446puffbpelsé

60: pumi /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/pumi-2.2.7-wré6bmv21fpybzxw3sufv3msirdbjevt7

61: py-cinemasci /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/py—-cinemasci-1.7.0-rucnpuzn73dvwvxzcslcdl3vf2a2utqp

: py-jupyterhub

/global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.

05/PrgEnv-gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.
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.0/py-jupyterhub-1.4.1-jsyxh242wzampidb5r3551x7bd4tixwb

63: py-libensemble /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/py-libensemble-0.9.1-c7orlymeeivselyvwsinivqg5ybtdks3u
64: qthreads /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/qthreads-1.16-s32g451b506207fmlkcbyb4rrzvpépug

65: raja /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/raja-0.14.0-ztcuu26vls3eibwdiépfxw22qryfluki

66: scr /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/scr-3.0rc2-tsd5ivqéfxys4zlg7cziasvd7sogsefp

67: slate /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/slate-2021.05.02-3qul2vtgh24ixhwjg3xxznjluuaégabr
68: slepc /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/slepc-3.17.1-mbijafs75iqzjafténj31lbgcjz6aaibp

69: stc /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/stc-0.9.0-sm5urbkheg4rxnqofsbjf4j4yzgdneoc

70: strumpack /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/strumpack-6.3.1-iapp37z5vat2tyejpv5zynflbhghys2n
71: sundials /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/sundials-6.2.0-kn5wm4foklvkméojédsriyt275ygisul

72: superlu-dist /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/superlu-dist-7.2.0-bsdé63xtzha3klfkgm3wgklblc4swkinu
73: swig /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/swig-4.0.2-fortran-orersncéghyazliftwaé6qvk2lhttpcxe
74: sz /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/sz-2.1.12-dkedzzkzogqrhlazcwrusoa67icas3nc

75: tasmanian /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/tasmanian-7.7-vizyvcrjtsqyd2epn6fjebkzjhtpzbwp

76: tau /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/tau-2.31.1-icww2pa2es56isc4gzgjmcnj5tbehajj

77: trilinos /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/trilinos-13.0.1-rhk32i353nr3dyivggfy3gékuhcsuklr
78: umap /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/umap-2.1.0-5ryuhmh3tefsqtfiv3dayyegjepxob2d

79: umpire /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/umpire-6.0.0-birc3ndlvj5dsépoer2djbreduxipxgx

80: veloc /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesl5-zen3/gcc-11.2.0/veloc-1.5-45ipct3s3i3htlbpb6dg7sraipoz4pruh

81: zfp /global/cfs/cdirs/m3896/shared/ParaTools/E4S/22.05/PrgEnv—gnu/spack/opt/spack/cray-slesi5-zen3/gcc-11.2.0/zfp-0.5.5-jha3y22e7gajahbmutéqfwlg3fwvtie3
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E4S Download from https://eds.io

M v U © [e https://e4s.io — 6]

HOME EVENTS ABOUT E4S PRODUCT DOCPORTAL E4S COMMUNITY POLICIES CONTACT US JOIN E4S FAQ DOWNLOAD

E4S Project

The Extremé-scale Scientific Sottwate.Stack

E4S 22.05 is now available!

See Downloads for more information.

What is E4S?

The Extreme-scale Scientific Software Stack (E4S) is a community effort to provide open source software packages for developing,
deploying and running scientific applications on high-performance computing (HPC) platforms. E4S provides from-source builds

and containers of a broad collection of HPC software packages.
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Download E4S 22.05 GPU Container Images: NVIDIA, AMD, Intel

‘ Container Releases
[ Y.

<>

® Docker Downloads - CUDA
® Docker Downloads - ROCm

® Docker Downloads - OneAPI

I @® Singularity x86_64 Download - CUDA I

® Singularity ppc64le Download - CUDA

® Singularity x86_64 Download - ROCm
® Singularity x86_64 Download - OneAPI

® OVA Download

From source with Spack

(4 Visit the Spack Project

Spack contains packages for all of the products listed in
the E4S 22.05 Full Release category (see above Release
Notes). General instructions for building software with
Spack can be found at the Spack website. Questions
concerning building those packages are deferred to the

associated package development team.

https://e4ds.io

* Separate full featured
Singularity images for 3 GPU
architectures

* GPU base images for
— x86_64 (Intel, AMD, NVIDIA)
— ppcbdle
— aarch64

21




What are containers

A lightweight collection of executable software that encapsulates everything needed to run a single

specific task
Minus the OS kernel
Based on Linux only
Processes and all user-level software is isolated

Creates a portable* software ecosystem
Think chroot on steroids
Docker most common tool today

Available on all major platforms

Widely used in industry
Integrated container registry via Dockerhub

docker




Hypervisors and Containers
Type 1 hypervisors insert layer below host OS
Type 2 hypervisors work as or within the host OS

Containers do not abstract hardware, instead provide “enhanced chroot” to create isolated
environment

Location of abstraction can have impact on performance
All enable custom software stacks on existing hardware

App App

Hardware

E\(C\\)P EaMPTNG Type 1 Hypervisor Type 2 Hypervisor Containers




Download E4S 22.05 GPU Container Images: NVIDIA, AMD, Intel

Note on Container Images

Container images contain binary versions of the Full Release packages listed above. Full-featured GPU-enabled container images are available from Dockerhub:
# docker pull ecpeds/ed4s—cuda:22.05
# docker pull ecpeds/eds—rocm:22.05

# docker pull ecped4s/e4s—oneapi:22.05

E4S Full GPU Images

These images contain a full Spack-based deployment of E4S, including GPU-enabled packages for NVIDIA, AMD, or Intel GPUs.

These images also contain TensorFlow, PyTorch, and TAU.

AMD ROCm (x86_64) NVIDIA CUDA (x86_64, ppc64le) Intel OneAPI (x86_64)
ecpeds/eds-rocm:22.05 g docker ecpeds/e4ds-cuda:22.05 g docker ecpeds/e4s-oneapi:22.05 @y docker
eds-rocm-22.05.sif fs> mirror 1 e4s-cuda-x86_64-22.05.sif fs> mirror 1 eds-oneapi-22.05.sif fs) mirror 1

eds-cuda-ppcob4le-22.05.sif fs) mirror 1

’;\ \ EXRASCARALE . .
E\Q\Q\JP EoUPOTNG https://e4s.io




Download E4S 22.05 Base GPU Container Images

GPU Base Images

These images come with MPICH, CMake, and the relevant GPU SDK -- either AMD ROCm, NVIDIA CUDA Toolkit and NVHPC, or Intel OneAPI.

NVIDIA Multi-Arch (X86_64, PPC64LE, AARCH64) ROCM X86_64 Intel OneAPI X86_64
ecpeds/e4s-base-cuda:22.05 g*docker ecpeds/eds-base-rocm:22.05 g docker ecpe4s/eds-base-oneapi:22.05 gy docker
eds-base-cuda-x86_64-22.05.sif fs) mirror 1 eds-base-rocm-22.05.sif fs) mirror 1 eds-base-oneapi-22.05.sif fs) mirror 1

e4s-base-cuda-aarch64-22.05.sif fs) mirror 1
eds-base-cuda-ppc6b4le-22.05.sif fs) mirror 1

P == https:/ieds.io
(C




Minimal Spack base image on Dockerhub

e®0e < > @M v & hub.docker.com @] tho| o [

@dockerhub Q Search for great content (e.g., Explore Repositories Organizations Help ¥ m{) exascaleproject ¥

Explore  ecpeds/ubuntu18.04-spack

ecpeds/ubuntu18.04-spack « Manage Repository Create custom
By ecped4s « Updated a month ago -—j Contalner ImageS
¥ Pulls 1M+
1M+ downloads!

Container

Overview Tags

Advanced Image Management
View all your images and tags in this repository, clean up unused content, recover untagged images. Available with Pro, Team and Business View preview
subscriptions.

Sortby  Newest v Q_ Filter Tags

TAG

latest docker pull ecpeds/ubuntu18.04-spa... r|:|
Last pushed a month ago by esw123

DIGEST OS/ARCH LAST PULL COMPRESSED SIZE @
95fb8df7019b linux/amdeé4 aday ago 382 MB
47903be536c0 linux/ppc64le amonth ago 371.9 MB
TAG

0.17.1 docker pull ecpe4s/ubuntu18.04-spa... F|:|

Last pushed a month ago by esw123

DIGEST OS/ARCH LAST PULL COMPRESSED SIZE @
95fb8df7019b linux/amdé4 aday ago 382 MB
47903be536c0 linux/ppc64le amonth ago 371.9 MB
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22 05 Release: 101 Official Products + dependencies (gcc, x86 64)

Cb\ld\U‘l-hLA)Ni—‘

adios?
alqu1m1a
aml
amrex
arborx
archer
argobots
ascent

: axom
: bolt

: bricks

: butterflypack

: cabana

: caliper

: chai

: charliecloud

: conduit

: darshan-runtime
: datatransferkit
: dyninst

: faodel

: flecsi

: flit

: flux-sched

: fortrilinos

: gasnet

: geopm

: ginkgo

: globalarrays

: gotcha

: gptune

: h5bench

: hdf5
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-b-h-bbbbbbbhbhbbbbbbbbbbhbhbbbbbbbb

.0/adios2-2.8.0-5fxpauervqgbotprybms3mwkgh7t6jcé6v

.0/alquimia-1.0.9-mkugz7joihpf4umcyidflg3dwik2nvlr
.0/am1-0.1.0-0ogtiuh4diyg4tq47tfjdpw7nue7sasSka
.0/amrex-22.05-7tgphdtmt3fmoijkfrfsnwbqzpikxqfs
.0/arborx-1.2-a5j5wjdwgatoqsvs6xjckootv76g5h32
.0/archer-2.0.0-zurunmhys3lwxhgn3ffapnelmezog2gl
.0/argobots-1.1-prj5il35vpp7sgcclenbh2thzqvrylwf
.0/ascent-0.8.0-ggivng4ownyfzct535vkvzlebirkjaq2
.0/axom-0.6.1-ammuobdcyxxfsoyl7pyvbgyvw3kysoaj
.0/bolt-2.0-mb62bsxs7cvgisgkwwdm46qffxvfknfz
.0/bricks-r@.1-5gkeva7iigimec7zwsgvd33tz4mddslz
.0/butterflypack-2.1.1-fhncpxhwa4agoogz7magi6flubctqdp6
.0/cabana-0.4.0-obd2epyboqn4pifoqwfiojyszqibnpoc
.0/caliper-2.7.0-5scpuxjsztlwgbpclgpw3kafmfvbp3ub
.0/chai-2.4.0-16nclfuapgjlbctkriikyeo3mhdat151
.0/charliecloud-0.26-wgnmv13rceimjvrcstuogmhlzhelz466
.0/conduit-0.8.3-hm2j65mka5alpsg4ucddswqvp7fusqvz
.0/darshan-runtime-3.3.1-ausjpbwozamwgyhgxiv22qcsarxvoixy
.0/datatransferkit-3.1-rc3-xd57qoqxv4ikmz7ypfowrmnboqtohwqg4
.0/dyninst-12.1.0-du56qu4uijap4synulxijiwury3dni5h
.0/faodel-1.2108.1-kvw27w57ny2achbuhpiu3cweudgnin7h
.0/flecsi-1.4.2-fzhunvoffnf714sss1615ufukbrftc5u
.0/flit-2.1.0-j4naqyymm6h4mofj5id6sfit5ngr4xh6
.0/flux-sched-0.22.0-nfljuuoxqlk4r7zx3yoepyzjjjfxsqgkz
.0/fortrilinos-2.0.0-uobhjnniqweeclzx7awlhcmvxitktwo5
.0/gasnet-2022.3.0-ep4xyqocdziblie475bojotd6qgpfpse
.0/geopm-1.1.0-3bxmokjvkuh4gmymmu6b4ighss5zq352
.0/ginkgo-1.4.0-16ahxdmshvwqrl6rmke7w4p3i5d5ehyd
.0/globalarrays-5.8-y421gtmfsqénddv7vu5z3bjxbqjz6yww
.0/gotcha-1.0.3-cidwbtn2h7xjqzvajljks3idskhr3dcv
.0/gptune-3.0.0-bjtlsqmghh24awymzp5g3fxtéwiequ3n
.0/h5bench-1.2-x5gqhbii26t7f4e3bpscw5Swbhfg5qlhb
.0/hdf5-1.12.2-75qn371p7leuvisrbizprz505yr3ekjo




22 05 Release: 101 Official Products + dependencies (gcc, x86 64)

heffte /spack/opt/spack/linux-ubuntu20.04-x86_64/9gcc-9.4.0/heffte-2.2.0-hqigomw3nlexreke2rgquwvdazenvhb2
35: hpctoolkit /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/hpctoolkit-2022.04.15-cqz4vimjclgbgmxp4sonlrqiz4twl2sh
36: hpx /spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/hpx-1.7.1-07y77tofbg4jg2vcvfhjgdsqtckzhw3v
37: hypre /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/hypre-2.24.0-c7vk7oprzxpfsé6njr42xn632tksu64ax
38: kokkos /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/kokkos-3.6.00-fy3onzyijzig2x2laoxu7rttrwhaqufj
39: kokkos-kernels /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/kokkos-kernels-3.6.00-gn7fvng67ekhwt324x0451izuxea327n
40: lammps /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1lammps—-20220107-pmr515hzxruzhpzkucukg7qqr6os5iir
41: legion /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1legion-21.03.0-g3tu5cdevxuzsrvcginaxrgduik3ea54
42: libnrm /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/1libnrm-0.1.0-gjllhvje7in4rp3kvvaywywr7uyjprxj
43: libquo /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1ibquo-1.3.1-207zqn3e2f7je303z4hcwsqgkn6bjmme
44: loki /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/1oki-0.1.7-66nzpehhmoidzifzm6khyxhnbfgmppoa
45: magma /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/magma-2.6.2-mmx2xmmz7cbcjbc2j3vn6eoxrwgivu24
46: mercury /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/mercury-2.1.0-yzp4mkdsnmcf5dgseind4ek2co7eag763
47: metall /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/metall-0.20-602ewhyu2ilxbco74j5qqdeunqgjkmgta
48: mfem /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/mfem-4.4.0-cra7q4353kggdow7futlc5vik5hf4bub
49: mpich /spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/mpich-4.0.2-ssbmd2ccbxzkbxk7fzrlekupe23rokw2
50: mpifileutils /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/mpifileutils-0.11.1-zvlai7bnjegicp5dzelxnvwmvu6bsye5j
51: netlib-scalapack | /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/netlib-scalapack-2.2.0-12chii6rgvnp6rswldzqxza7trgpdkib
52: nccmp /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/nccmp-1.9.0.1-ef6vnd41ls3rj7wieuygnpf5c2idtrzpvo
53: nco /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/nco-5.0.1-x1ix5wvrébprihee7rryknegskv4sjho
54: nrm /spack/opt/spack/linux-ubuntu20.04-x86_64/9cc-9.4.0/nrm-0.1.0-cyighjsurt3q4bkn37u2ylvzhgdtmuuu
55: omega-h /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/omega-h-9.34.1-3d4zvshz6tj7twd3nqcnebls4zwryrvm
56: openpmd-api /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/openpmd-api-0.14.4-6ktbupm7eqmq73vfixkjiapn3kanomm4
57: openmpi /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/openmpi-4.1.3-p5q2yggpo7lhcn2n26deo25ymx3thdwt
58: papi /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/papi-6.0.0.1-fxfxybh2varhxhnu6jcrqsg5ixrrcxp2
59: papyrus /spack/opt/spack/linux—-ubuntu20.04-x86_64/9cc-9.4.0/papyrus-1.0.2-r2wef21dj24dluqgd43hjn23fxowxet2
60: parallel-netcdf /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/parallel-netcdf-1.12.2-7ruhgcy35hofg4goi6c3d42tteuhqlwl
61: paraview /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/paraview-5.10.1-ohruf5tnfp2yeywlslszty5jfbqbpjw7
62: parsec /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-9.4.0/parsec-3.0.2012-dcaz2iwqbnrz716kcwpwsbeftpb3urve
63: pdt /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/pdt-3.25.1-d5jyjfrocerrcl5cxqwsfrbv51776d7r
64: petsc /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/petsc-3.17.1-vffvbb2ykiy3ad41lxuoe7dzidzggbrdqb
65: phist /spack/opt/spack/linux-ubuntu20.04-x86_64/gcc-9.4.0/phist-1.9.5-vxmwjbns3kywtogpldhhmouoehgi7d2m
66: plasma /spack/opt/spack/linux-ubuntu20.04-x86_64/g9cc-9.4.0/plasma-21.8.29-hwpchnbrscxsmzgyioeepsjwddgnunxm
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68:
69:
70:
71:
72:
73:
74:
75:
76:
77:
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94:
95:
96:
97:
98:
99:
100:
101:

: plumed
precice
pruners—-ninja
pumi
py-cinemasci
py-jupyterhub
py-libensemble
py-parsl
py-radical-saga
gthreads

raja

rempi

scr

slate

slepc

stc

strumpack
sundials
superlu-dist
swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire
unifyfs

UpCXXx
variorum
veloc

vtk-m
wannier90
warpx

zfp
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04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.
04-x86_64/gcc-9.

ArRABPAPPPEABEPEPPPEAPEPEPPPRAREPEPPRAEEPRPPEAEPEPPEREEPEPPREREEPREPED

X86 64)

.0/plumed-2.6.3-g6dn67baochvycvcicgeltwjnvotgjk2
.0/precice-2.4.0-orye5yx46n4mm2zey7xeg5k5i222twiw
.0/pruners—-ninja-1.0.1-hn6y2kevr5hgmlykfverjadgbgxkppcn
.0/pumi-2.2.7-zkipah7wz3ad4eksedht2syqpx3tcg6bki
.0/py-cinemasci-1.7.0-77yj2xigharoeq6lciwdmzngexnegxmc
.0/py-jupyterhub-1.4.1-3cebk5prfze6bnajqsdabftwxggkccmwm
.0/py-libensemble-0.9.1-noalxjfvyidhsvps4zn7mhu4j5hf2wo6
.0/py-pars1-1.1.0-ul2cthsh524npmv6zrseklzodp6ejden
.0/py-radical-saga-1.11.1-naxx4rp2e6wr70024jw3catzys26loya
.0/qthreads-1.16-v7vcyz7vakzdyzpa3mjdbnov4s55a6vw
.0/raja-0.14.0-edjvff74mwcz7fngfjdqlatpplxs5vzl
.0/rempi-1.1.0-yoa3gfri6iafv212avkhg25pzpgiftwg
.0/scr-3.0rc2-mibyx3jmé6nkm4gq7ovpbwedkpwxnwoub
.0/slate-2021.05.02-6krdeny50ekid4o2slafxstn7wabvgmlq
.0/slepc-3.17.1-fzx6e3h2jqgmsvhgbeclbwuirqrax7hkl
.0/stc-0.9.0-vd4xaiuv4ryodtzqzqvnsriqwtndyyxq
.0/strumpack-6.3.1-du3qimqp3yrjcso22pw2zsbbswgrtsay
.0/sundials-6.2.0-5iz61lim5mabrkkukic631ipmz5r6lmvb
.0/superlu-dist-7.2.0-2jp6torp4rjfd4hhffm56glemlegfoyb @
.0/swig-4.0.2-fortran-fjva3hpwop4b3dmrmguisingdrt2ixyk
.0/sz2-2.1.12-kzqvvvdo5fvv2s6sgheei7ikwgsbsd7m
.0/tasmanian-7.7-596657fcerfpwshuhdmrowzvxpoo25tt
.0/tau-2.31.1-ikx2r2pk34hej3rmjgoam5ma6rvzbugm
.0/trilinos-13.2.0-hmpjtr4o7fnpffcgbmbb4pl73ipri22e
.0/turbine-1.3.0-aztpwwbbjeogl5bwiznmpx21lcyos64cz )
.0/umap-2.1.0-blwc2edy5e31krylgbrwfd55slyuuy4s
.0/umpire-6.0.0-gwbap637zehgkvjwmetuqcgjtkwhzzlo
.0/unifyfs-0.9.2-hcid7bugnj4vzet14oh4zfnah2gzsctb
.0/upcxx-2022.3.0-fpv2zorgjpac5iuqibffz57h6x3xhrjr
.0/variorum-0.4.1-fcfi26hd2dfvnwe5gehtv4igx36hafj7
.0/veloc-1.5-avca7jodby7efy3be63siav4mqao2big
.0/vtk-m-1.7.1-hbilfvhsgkelno7jrvrefffyn6guusxf
.0/wannier90-3.1.0-vzfixrlicq5jrtzj2wpd6bg7nbkqdit6
.0/warpx-22.05-gtg2e5dwy31zr53t7fsyzscbj25g9zu2m
.0/z2fp-0.5.5-3cc5y5ffuvxtdsiurtrtdblcbodbxj2p

GPU runtimes
Intel (oneAPl)

2022.1.0
AMD (ROCm)

5.1.1
NVIDIA (CUDA)
11.4
NVHPC

22.3




E4S 22.05 container deployment on Perlmutter using Shifter

e EA4S containers

» Accessing A100 GPUs

« CUDA11.5
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sameer@perlmutter:loginl9:~> shifter —-—-image=ecpe4s/e4s-base-cuda:22.05 /bin/bash —-rcfile /etc/bashrc

Inactive Modules:
1) PrgEnv-gnu 3) cray-libsci 5) craype 7) craype-x86-milan 9) libfabric 11) xpmem
2) cray—-dsmml 4) cray-mpich 6) craype-network-ofi 8) gcc 10) perftools-base

Lmod is automatically replacing "cray-mpich/8.1.15" with "mpich/4.0.2".

(base) sameer@Ploginl9:~$ cat /etc/os-release
NAME="Ubuntu"

VERSION="20.04.4 LTS (Focal Fossa)"

ID=ubuntu

ID_LIKE=debian

PRETTY_NAME="Ubuntu 20.04.4 LTS"

VERSION_ID="20.04"
HOME_URL="https://www.ubuntu.com/"
SUPPORT_URL="https://help.ubuntu.com/"
BUG_REPORT_URL="https://bugs.launchpad.net/ubuntu/"
PRIVACY_POLICY_URL="https://www.ubuntu.com/legal/terms—and-policies/privacy—-policy"
VERSION_CODENAME=focal

UBUNTU_CODENAME=focal

(base) sameer@loginl9:~$ nvidia-smi

Tue Jun 14 07:23:04 2022

| NVIDIA-SMI 470.103.01 Driver Version: 470.103.01 CUDA Version: 11.5
|

|
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M.
| | | MIG M. |
I = = ]
| @ NVIDIA A100-PCI... Off | 00000000:C3:00.0 Off | 0 |
| N/A - 39C Po 38W / 250W | @MiB / 4@536MiB | 0% Default |
| | | Disabled |
| Processes: |
| GPU GI CI PID Type Process name GPU Memory |
| ID ID Usage |
| |
| No running processes found |
(base) sameer@loginl9:~$ spack find
=> 21 installed packages
- llnux ubuntu20.04-x86_64 / gcc®9.4.0
) 3 libfabric®@1.14. 1ibxml202.9.13 lua- luafllesystemm 8.0 ncurses(b.? readllne 1 xz05.2.5
libiconv@1l.16 Imod@®8.7.2 lua-luaposix(@35.0 nvhpc®22.: tcle8.6 yaksa@®0.2
libpciaccess(®0.16 1lua5.3.5 mpich®4.0.2 openssl@l.1.10 unzip(¢ z1ib@1

(base) sameer@log1n19 ~$ which mpicc
/spack/opt/spack/linux-ubuntu20.04-x86_64/gcc—9.4.0/mpich-4.0.2-ssbmd2ccbxzkbxk7fzrlekupe23rokw2/bin/mpicc




E4S 22.05 packages built with support for A100 GPUs in a container

sameer@perlmutter:loginl9:~> shifterimg images | grep e4s | grep :22.05

perlmutter docker READY cd20a7d2c5 2022-06-14T06:59:30 ecpe4s/e4s—base—cuda:22.05
perlmutter docker READY 7832c93f11 2022-06-14T07:53:07 ecpe4s/e4s—cuda:22.05
sameer@perlmutter:loginl9:~> shifter --image=ecpe4s/e4s—cuda:22.05 /bin/bash —--rcfile /etc/bashrc

Inactive Modules:
1) PrgEnv-gnu 3) cray-libsci 5) craype 7) craype-x86-milan 9) libfabric 11) xpmem
2) cray-dsmml 4) cray-mpich 6) craype—-network-ofi 8) gcc 10) perftools-base

 AlI/ML
Lmod is automatically replacing "cray-mpich/8.1.15" with "mpich/4.0.2".
(base) sameer@Ploginl9:~$ grep Ubuntu /etc/os-release

NAME="Ubuntu"
L4 PRETTY_NAME="Ubuntu 20.04.4 LTS"

(base) sameer@loginl9:~$ nvidia-smi
Tue Jun 14 08:39:09 2022

NVIDIA-SMI 470.103.01 Driver Version: 470.103.91 CUDA Version: 11.5

| |
|
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. |
| | | MIG M. |
| = = |
| @ NVIDIA A100-PCI... Off | 00000000:C3:00.0 Off | 0 |
| N/A  41C Po 38W / 250w | OMiB / 40536MiB | 0% Default |
| | | Disabled |
Processes:
GPU GI CI PID Type Process name GPU Memory

No running processes found

|
|
| ID ID Usage
|
|

(base) sameer@Ploginl9:~$ which mpicc
/spack/opt/spack/linux—-ubuntu20.04-x86_64/gcc-9.4.0/mpich-4.0.2-ssbmd2ccbxzkbxk7fzrlekupe23rokw2/bin/mpicc
(base) sameer@Ploginl9:~$ spack find +cuda cuda_arch=80

==> 27 installed packages

—— linux-ubuntu20.04-x86_64 / gcc9.4.0

adios2(2 camp(9.2.2 heffte®2.2.0 kokkos®3.6.00 magma(®2.6.2 petsc3.17.1 slepc@3.17.1 superlu-dist(@7.2.0 umpire@6.0.0
arborx(@ chai@2.4.0 hpx@1.7.1 kokkos(®3.6.00 mfem@4. strumpack@6.3.1 tasmanian(®7.7 vtk-m@1.7.1
caliper®2.7.0 ginkgo®1.4.0 hypre®2.24.0 kokkos—kernels(®3.6.00 parsec®3.0 )5.02  sundials(6.2.0 trilinos(13.2.0 zfplo.5.5

(base) sameer@loginl9:~$ python

Python 3.9.7 (default, Sep 16 2021, 13:09:58)

[GCC 7.5.8] :: Anaconda, Inc. on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> import tensorflow

>>> tensorflow.config.list_physical_devices('GPU")
[PhysicalDevice(name="'/physical_device:GPU:0', device_type='GPU')]

S
\ EXASCALE >>>
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E4S 22.05 Release: Support for NVIDIA GPUs

'Singularity> python
Python 3.9.7 (default, Sep 16 2021, 13:09:58)

[GCC 7.5.0] :: Anaconda, Inc. on linux

Type "help", "copyright", "credits" or "license" for more information.

>>> import tensorflow as tf

>>> tf.__version__

'2+9:1"

>>> tf.config.list_physical_devices('GPU")

[PhysicalDevice(name="'/physical_device:GPU:@', device_type='GPU'), PhysicalDevice(name='/physical_device:GPU:1', device_type='GPU')]
>>> import torch

>>> torch.__version__

'1.11.0+cull3’

>>> torch.cuda.get_device_name(torch.cuda.current_device())

'NVIDIA A100-PCIE-40GB'

(>>>

'Singularity> spack find -1 +cuda cuda_arch=80

==> 27 installed packages

—— linux-ubuntu20.04-x86_64 / gcc@9.4.0

5fxpaue adios2@2.8.0 hgigomw heffte@2.2.0 mmx2xmm magma@2.6.2 fzx6e3h slepc@3.17.1 gwbap63 umpire@6.0.0
a5j5wjd arborx@l.2 o7y77to hpx@l.7.1 cra7q43 mfem@4.4.0 du3qimq strumpack@6.3.1 hbilfvh vtk-m@l.7.1
5scpuxj caliper@2.7.0 c7vk7op hypre@2.24.0 dcaz2iw parsec@3.0.2012  5iz61lim sundials@6.2.0 3cchy5f zfp@@.5.5
5nftkwe camp@@.2.2 kn4ult3 kokkos@3.6.00 mvt3juo petsc@3.17.1 2jp6tor superlu—-dist@7.2.0

l6nclfu chai@2.4.0 fy3onzy kokkos@3.6.00 edjvff7 rajac0.14.0 596657f tasmanian@7.7

16ahxdm ginkgo@l.4.0  gn7fvng kokkos—-kernels@3.6.00 6krdeny slate@2021.05.02 hmpjtrd trilinos@l3.2.0
'Singularity> spack find -1 +cuda cuda_arch=70

==> 27 installed packages

—— linux-ubuntu20.04-x86_64 / gcc@9.4.0

mvzqvxg adios2@2.8.0 zz33g5c heffte@2.2.0 7ddfékl magma@2.6.2 td7e334 slepc@3.17.1 hjgbyxh umpire@6.0.0
2wllnpi arborx@l.?2 zrpfbigq hpx@l.7.1 hyuvayy mfem@4.4.0 66zzxrb strumpack@6.3.1 stzpxgb vtk-m@l.7.1
xb3ix2x caliper@2.7.0 m735z1lc hypre@2.24.0 37dtmme parsec@3.0.2012 ykvyvrc sundials@6.2.0 ldaf46p zfp@0.5.5
etalgqv camp@@d.2.2 dmru53c kokkos@3.6.00 21lsmpfg petsc@3.17.1 7bbgseb superlu-dist@7.2.0

rjky53t chai@2.4.0 xwt7ck4 kokkos@3.6.00 ttunttv raja@0.14.0 r7artq7 tasmanian@’.7

36fsmbm ginkgo@1.4.0  k47b42d kokkos-kernels@3.6.00 yeairhs slate@2021.05.02 qpycht6 trilinos@13.2.0
Singularity> [|
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E4S 22.05 Release: GUI Tools

Singularity> module load paraview

Singularity> which paraview
/spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/paraview-5.10.1-ohruf5tnfp2yeywlslszty5jfbqbpjw7/bin/paraview
Singularity> module load visit

Singularity> which visit

/usr/local/visit/bin/visit

Singularity> which paraprof
/spack/opt/spack/linux—ubuntu20.04-x86_64/9cc-9.4.0/tau-2.31.1-ikx2r2pk34hej3rmjqoambmaérvzbugm/bin/paraprof
Singularity> module load julia

Singularity> julia

Documentation: https://docs.julialang.org
Type "?" for help, "]?" for Pkg help.

Version 1.7.3 (2022-05-06)
Official https://julialang.org/ release

julia>
Singularity> nvidia-smi
Tue May 31 23:33:39 2022

| NVIDIA-SMI 470.57.02 Driver Version: 470.57.02 CUDA Version: 11.4
| + +
GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC

I
I I
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. |
| | | MIG M. |
I + + I
| @ NVIDIA A100-PCI... Off | 00000000:25:00.0 Off | 0 |
| N/JA 42C PO 37W / 250W | OMiB / 40536MiB | 0% Default |
| | | Disabled |
| 1 NVIDIA A100-PCI... Off | 00000000:E1:00.0 Off | 0 |
| NJA 38C PO 37W / 250W | OMiB / 40536MiB | 32% Default |
| | | Disabled |
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E4S 22.02 bare-metal Spack installation environments on GitHub

O https://github.com/E4S-Project/e4s/blob/master/environments/22.02/spack-x86_64.yaml|

8 packages:

9 all:

10 compiler:

11 - gce@9.3.0

12 providers:

13 blas:

14 — openblas

15 mpi:

16 — mpich

17 target:

18 - x86_64

19 variants: +mpi

20 binutils:

21 variants: +1d +gold +headers +libiberty ~nls
22 version:

23 - 2.36.1

24 cuda:

25 version:

26 - 11.4.2

27 doxygen:

28 version:

29 - 1.8.20

30 elfutils:

31 variants: +bzip2 ~nls +xz

32 hdf5:

33 variants: +fortran +hl +shared

34 version:

35 - 1.10.7 SpaCk'yamI
36 libfabric:

37 variants: fabrics=sockets, tcp,udp, rxm
38 libunwind:

39 variants: +pic +xz

40 mesa:

41 variants: ~1lvm

42 mesal8:

43 variants: ~1lvm

44 mpich:

45 variants: ~wrapperrpath

46 ncurses:

47 variants: +termlib

48 openblas:

49 variants: threads=openmp

50 python:

51 version:

52 - 3.8.12

53 trilinos:

54 variants: +amesos +amesos2 +anasazi +aztec +belos +boost +epetra +epetraext
55 +ifpack +ifpack2 +intrepid +intrepid2 +isorropia +kokkos +ml +minitensor +muelu

S~

\\ EXASCALE 56 +nox +piro +phalanx +rol +rythmos +sacado +stk +shards +shylu +stokhos +stratimikos

\( ) gggfgg}ws 57 +teko +tempus +tpetra +trilinoscouplings +zoltan +zoltan2 +superlu-dist gotype=long_long
S




E4S 22.02 bare-metal installation spack.yam
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k-x86_64.yam|
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— cuda_specs:

amrex@22.02 +cuda cuda_arch=80

caliper@2.7.0 +cuda cuda_arch=80

chai@2.4.0 ~benchmarks ~tests +cuda cuda_arch=80 “umpire@6.0.0 ~shared
flecsi@2.1.0 +cuda cuda_arch=80

flux-core@0.35.0 +cuda # not CudaPackage

ginkgo@1.4.0 +cuda cuda_arch=80

heffte@2.2.0 +cuda cuda_arch=80

hpctoolkit@2022.01.15 +cuda # not CudaPackage

hpx@1.7.1 +cuda cuda_arch=80

hypre@2.24.0 +cuda cuda_arch=80

kokkos—kernels@3.5.00 +cuda cuda_arch=80 “kokkos®3.5.00 +wrapper +cuda cuda_arch=80

kokkos@3.5.00 +wrapper +cuda cuda_arch=80
magma@2.6.1 +cuda cuda_arch=80

mfem@4.3.0 +cuda cuda_arch=80
openmpi@4.1.2 +cuda # not CudaPackage
papi@6.0.0.1 +cuda # not CudaPackage
parsec3.0.2012 +cuda cuda_arch=80
petsc@3.16.4 +cuda cuda_arch=80
raja@@.14.0 +cuda cuda_arch=80
slate@2021.05.02 +cuda cuda_arch=80
slepc@3.16.2 +cuda cuda_arch=80
strumpack@6.3.0 ~slate +cuda cuda_arch=80
sundials@6.1.1 +cuda cuda_arch=80
superlu-dist@7.2.0 +cuda cuda_arch=80
tasmanian@7.7 +cuda cuda_arch=80
trilinos@13.2.0 +cuda cuda_arch=80
umpire@6.0.0 ~shared +cuda cuda_arch=80
vtk-m@1.7.1 +cuda cuda_arch=80

zfp@8.5.5 +cuda cuda_arch=80

arborx@l.1 +cuda # not CudaPackage
ascent®@.7.1 ~shared +cuda cuda_arch=80
axom@@.6.1 +cuda cuda_arch=80 “umpire ~shared
cabana@@.4.0 +cuda # not CudaPackage
dealii@9.3.2 +cuda cuda_arch=80 # gmsh
legion@21.03.0 +cuda cuda_arch=80
11vm@13.0.0 +cuda cuda_arch=80
paraview@5.10.0 +cuda cuda_arch=80

upcxx@2021.9.0 +cuda # not CudaPackage, needs driver

- rocm_specs:

amrex@22.02 +rocm amdgpu_target=gfx908

chai@2.4.0 ~benchmarks +rocm amdgpu_target=gfx908
ginkgo@1.4.0 +rocm amdgpu_target=gfx908
heffte@2.2.0 +rocm amdgpu_target=gfx908

hpx@1.7.1 +rocm amdgpu_target=gfx908
kokkos@3.5.00 +rocm amdgpu_target=gfx908
magma@2.6.1 ~cuda +rocm amdgpu_target=gfx908
mfem@4.3.0 +rocm amdgpu_target=gfx908
petsc@3.16.4 +rocm amdgpu_target=gfx908
raja@@.14.0 ~openmp +rocm amdgpu_target=gfx908
slate@2021.05.02 +rocm amdgpu_target=gfx908
slepc@3.16.2 +rocm amdgpu_target=gfx908 “petsc +rocm amdgpu_target=gfx908

ctrumnack®A 2 O ~clate +raem amdani taraet=nfvQOR

recipe

t
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E4S products built
with CUDA for A100
Built with ROCm for
MI100 and MI250X
Built with oneAPI




E4S Validation Test Suite

Pullrequests Issues Marketplace Explore

E4S-Project / testsuite ®unwatch~ 8 % star 2 YFork 0

* Provides automated build and run tests
« Validate container environments and products
° NeW LLVM Va|ldatI0n test Sl.“te for DOE LLVM Branch: master ~  testsuite / validation_tests / magma / Createnewfile Uploadfiles Findfile History

<> Code Issues o Pull requests o Actions Projects o Wiki Security Insights Settings

=- eugeneswalker use bash -xe in compile/run.sh Latest commit a1dfb32 9 hours ago
[E) Makefile use env variables set by “spack load® 4 months ago
[© README.txt Added basic magma test. 11 months ago
B clean.sh Added basic magma test. 11 months ago
[E) compile.sh use bash -xe in compile/run.sh 9 hours ago
[ example_f.FOO Added basic magma test. 11 months ago
[£) example_sparse.c Added basic magma test. 11 months ago
[£) example_sparse_operator.c Added basic magma test. 11 months ago
[E) example_vi.c Added basic magma test. 11 months ago
[ example_v2.c Added basic magma test. 11 months ago
B run.sh use bash -xe in compile/run.sh 9 hours ago
[E) setup.sh Remove some .o files. Don't load special openblas. Don't specify spec... 3 months ago
README.txt Va

Getting started with MAGMA.

This is a simple, standalone example to show how to use MAGMA, once it is
compiled. More involved examples for individual routines are in the testing
directory. The testing code includes some extra utilities that we use for
testing, such as testings.h and libtest.a, which are not required to use MAGMA,
though you may use them if desired.

C example
See example_v2.c for sample code.
Include the MAGMA header:
#include "magma_v2.h"
(For the legacy MAGMA v1 interface, see example_vl.c. It includes magma.h

instead. By default, magma.h includes the legacy cuBLAS v1 interface (cublas.h).
You can include cublas_v2.h before magma.h if desired.)

L3

E\(E\\)P SRS « git clone https://github.com/E4S-Project/testsuite.git

PROJECT




E4S MPI Tests (OMB) usin

« CI/CD using GitLab

» Buildtest integration
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g Buildtest @ NERSC

b buildtest-nersc

Test: mvapich2_mpi_omb_tests (Pas
Build: gpu (perimutter) on 2022-08-22 05:04:40
Labels: mpi, gpu

compiler
description
endtime
hostname
starttime
user
Return Code
Test ID
build_script
buildenv
command
errfile
executor

id

logpath
outfile
schemafile
stagedir
tags
testpath
testroot

Run OSU microbenchmarks
2022/08/21 22:05:42
login27

2022/08/21 22:04:40

eds

0

2df24da8-dd76-452¢c-9850-c4c0558dd7d9

Dashboard

Up Project

@ 1m1s 210ms

/globalicfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24das/mvapich2_mpi_omb_tests_build.sh

/global/cfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24das/build-env.txt

bash --norc --noprofile -eo pipefail mvapich2_mpi_omb_tests_build.sh

/globalicfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24das/mvapich2_mpi_omb_tests.err

perimutter.slurm.debug

2df24das8

/global/cfs/cdirs/m3503/ci-data-dir/siddiq90/static/00155524/NERSC/buildtest-nersc/buildtest/var/logs/buildtest_dcvi9d_f.log

/globalicfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24das/mvapich2_mpi_omb_tests.out

script.schema.json

/global/cfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24da8/stage

gpu mpi
/global/cfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24da8/mvapich2_mpi_omb_tests.sh

/global/cfs/cdirs/m3503/buildtest/runs/perimutter_check/2022-08-21/perimutter.slurm.debug/mvapich2-omb/mvapich2_mpi_omb_tests/2df24das

View GitLab Cl results

I Show Command Line
il Display graphs: | Select

Test output

# OSU MPI Latency Test v5.9
Latency (us)

# Size

2.
.15
.16
.16
.16
.17
.15
.16
.69

NRNN NN NN N

o1




Multi-platform

O Search or jump to...

& UO-OACISS / eds

<> Code () Issues

u (O

com/UO-OACI ip

E4S Docker Recipes

[

Pull requests Issues Marketplace Explore

1 Pull requests

¥ master + eds/ docker-recipes /

(») Actions

["1) Projects 1 wiki () Security

@ eugeneswalker update SPACK_REF for rhel8 runner recipes

centos7-base-ppc64le
centos7-base-x86_64
centos7-e4s-ppc64le
centos7-e4s-x86_64
centos7-runner-ppc64le
centos7-runner-x86_64
centos7-spack-ppc64le
centos7-spack-x86_64
centos8-base-ppc64le
centos8-base-x86_64
centos8-e4s-ppc6ile
centos8-e4s-x86_64
centos8-runner-ppc64le
centos8-runner-x86_64
centos8-spack-ppc64le
centos8-spack-x86_64
rhel7-base-ppc64le

rhel7-base-x86_64

S —
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base recipes: standardize + improve parameterization
base recipes: standardize + improve parameterization
remove old recipes

remove old recipes

runners: use base images from 2020-09-01

runners: use base images from 2020-09-01

new spack ppc64le recipes

new spack x86_64 recipes

base recipes: standardize + improve parameterization
base recipes: standardize + improve parameterization
remove old recipes

remove old recipes

runners: use base images from 2020-09-01

runners: use base images from 2020-09-01

new spack ppc64le recipes

new spack x86_64 recipes

base recipes: standardize + improve parameterization

base recipes: standardize + improve parameterization

@®Unwatch v 5 ¥7 Star 1 % Fork 1

|~ Insights 7 Settings

Go to file Add file ~

6848d1a 7 daysago <O History

4 months ago
4 months ago
10 months ago
10 months ago
4 months ago
4 months ago
5 months ago
5 months ago
4 months ago
4 months ago
10 months ago
10 months ago
4 months ago
4 months ago
5 months ago
5 months ago
4 months ago

4 months ago

10 lines (6 sloc) 178 Bytes

FROM ecped4s/ubuntul8.@4-spack-x86_64:0.14.1

WORKDIR /e4s-env

COPY /spack.yaml .

RUN spack install —--cache-only \
&& spack clean -a && rm -rf /tmp/root/spack-stage

WORKDIR /




E4S: Multi-platform Reproducible Docker Recipes

< O https://github.com/UO-OACISS/e4s/tree/master/docker-recipes/ubi7/ppc64le/base

¢

Pullrequests Issues Marketplace Explore

] UO-OACISS / e4s

<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki

Branch: master v = e4s [/ docker-recipes / ubi7 / ppc64le / base /

=== eugeneswalker use spack.lock in ubi7 ppc64le base recipe

B8 modules update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ...
[E) Dockerfile use spack.lock in ubi7 ppc64le base recipe

E README.md add README for UBI7 ppc64le base

[ build.sh update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ...
[E) packages.yaml v1.2 of ubi7 ppc64le base recipe

[E) spack.lock use spack.lock in ubi7 ppc64le base recipe

E) spackyaml update ppc64le recipes to 1.3: use spack 0.13.1 + use base env + add ...

README.md

PROJECT

E\(E\\)p exmscaLe https://e4ds.io

@®Unwatch~v 3 % Star | 2 YFork 0

Security Insights Settings

Create new file = Upload files @ Find file = History

Latest commit 879af58 18 hours ago

9 days ago
18 hours ago
2 days ago
9 days ago
29 days ago
18 hours ago

9 days ago

,’

E4S

x86 64
ppc64le
aarch64




WDMApp: Speeding up bare-metal installs using E4S build cache

https:// i hea.html

The E4S project has created a build cache for Rhea. This provides many packages as

EXASCALE COMPUTING PROJECT

WD Mg

Whole Device Model application

precompiled binaries, so will reduce the installation time. To use it:

$ wget https://oaciss.uoregon.edu/e4s/eds.pub
$ spack gpg trust eds.pub

$ spack mirror add E4S https://cache.eds.io/eds

Building WDMapp

Applying for Access
You should be able to just follow the generic instructions from Building WDMAPP.

WDMApp on Summit at OLCF
B WDMApp on Rhea at OLCF

* E4S Spack build cache

. Using E4S WDMapp docker container
Setting up Spack

Installing Spack
Cloning the WDMapp package repo
+ Rhea-Specific Setup

Adding the WDMapp package repo
to Spack

& Building WDMapp
Running the Cyclone Test Case

Running the Cyclone Test Case -
External Coupler

WDMapp on Longhorn at TACC
WDMApp on AiIMOS at RPI

Setting up Spack

Building WDMAPP
EFFIS

& Read the Docs

Alternatively, the E4S project has created a docker image that mirrors the Rhea environment, which
can be used for local development and debugging. To run this image, you need to have docker
installed and then do the following:

$ docker pull ecpeds/ubi7.7_x86_64_base_wdm:1.0
$ docker run —rm -it ecpeds/ubi7.7_x86_64_base_wdm:1.0

In order for the image to get the access controlled components, you need to provide it with your
private SSH key that provides access to the respective private github repos. In the image, do the
following in the docker image:

# cat > .ssh/id_rsa # Then copy&paste your private key
# chmod 600 .ssh/id_rsa

This provides an development environment with everything but the private codes preinstalled. All
that’s needed to complete building and installing them is:

# spack install wdmapp target=x86_64

* Adding E4S mirror
WDMApp install speeds up!
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Pantheon and E4S build cache support end-to-end ECP examples

Overview: The Exascale Computing Project (ECP) is a complex undertaking, e
involving a myriad of technologies working together. An outstanding need is a cxampioworkton
way to capture, curate, communicate and validate workflows that cross all of

these boundaries.

The Pantheon and E4S projects are collaborating to advance the integration
and testing of capabilities, and to promote understanding of the complex

workflows required by the ECP project. Utilizing a host of ECP technologies 0=
. . . . Pantheon/E4S/Ascent in-situ miniapp
(spack, Ascent, Cinema, among others), this collaboration brings curated example workfiow
workflows to the fingertips of ECP researchers. e
Contributions
- Curated end-to-end application/in-situ analysis examples can be run quickly _ ‘
by anyone on Summit. (nttps:/aithub.com/pantheonscience/ECP-E4S-Examples) |nstruction::;;;:;m:g(::;;a:;x,
. . . . . Ascent and Cinema workflow
- Pantheon/E4S integration speeds up build/setup times over source builds repository, and (bottom) Cloverleaf3d,
. . Ascent, Cinema workflow. These
due to cached binaries (approx.10x speed up). curated workflows use Pantheon,

E4S and spack to provide curated
workflows for ECP.

LA-UR-20-27327 8/25/22

sCP = m | &S



https://github.com/pantheonscience/ECP-E4S-Examples

E4S Build Cache at U. Oregon

ECP

[ ] [ ] B v < O | 8 https://oaciss.uoregon.edu/e4sfinventory.html ¢ @ m + &3

E4S Build Cache for Spack 0.18.0

To add this mirror to your Spack:

$> spack mirror add E4S https://cache.eds.io

$> spack buildcache keys -it

88,401 total packages

Last updated 2022-05-30 16:42 PDT

O All Arch PPC64LE X86_64

O AllOS Centos 7 Centos 8 RHEL 7 RHEL 8 Ubuntu 18.04 Ubuntu 20.04

adiak@0.1.1  adiak@0.2.1  adios2@2.50 adios2@2.60 adios2@2.7.0 adios2@2.7.1 adios2@2.80 adios@1.13.1 adlbx@0.9.2 adlbx@100 adol-c@2.72 alquimia@1.0.9 alsallib@1.2.32

amg@1.2 aml@0.10 amr-wind@ascent amr-wind@main amrex@20.07 amrex@20.09 amrex@20.10 amrex@20.11 amrex@20.12 amrex@21.01 amrex@21.02 amrex@21.03 O H H '
ver 88,000 binaries
; H
amrex@21.04 amrex@21.05 amrex@21.06 amrex@21.07 amrex@21.08 amrex@21.09 amrex@21.10 amrex@21.11 amrex@21.12 amrex@22.01 amrex@22.02 amrex@22.03
amrex@22.04 amrex@22.05 ant@1.100 ant@1.107 antlr@2.7.7 arborx@0.9-beta arborx@1.0 arborx@1.1  arborx@1.2  archer@2.0.0 argobots@1.0 argobots@1.0rcl  argobots@1.0rc2
argobots@1.1  arpack-ng@3.7.0  arpack-ng@3.80 ascent@0.6.0 ascent@0.7.0 ascent@0.7.1 ascent@0.8.0 ascent@develop  ascent@pantheon ver asio@1.16.1 asio@1.182  asio@1.20.0

asio@121.0 assimp@4.0.1 assimp@5.0.1 assimp@5.14  assimp@5.22  assimp@5.2.3  at-spi2-atk@2.38.0  at-spi2-core@2.40.1 atk@2.36.0  autoconf-archive@2019.01.06

autoconf-archive@2022.02.11  autoconf@2.69  autoconf@2.70  automake@1.15.1 automake@1.16.1 automake@1.16.2 automake@1.16.3 automake@1.16.5 axl@0.1.1 axl@0.30 axl@04.0

axl@0.50 axom@0.33 axom@040 axom@0.50 axom@0.6.1 bacio@24.1 bash@50 bats@04.0 bdftopcf@1.0.5 berkeley-db@18.1.40  berkeley-db@6.2.32  binutils@2.31.1

binutils@2.32  binutils@2.33.1  binutils@2.34  binutils@2.36.1  binutils@2.37  binutils@2.38  bison@3.42 bison@3.64 bison@3.74 bison@3.7.6 bison@3.82  blaspp@2020.10.02

blaspp@2021.04.01  blt@0.3.6 blt@0.3.6rocm blt@040 blt@04.1 bit@0.50 blt@develop bmi@develop bmi@main bolt@1.0 bolt@1.0rc2 bolt@1.0rc3  bolt@2.0  boost@1.68.0

boost@1.70.0  boost@1.720  boost@1.73.0  boost@1.74.0  boost@1.75.0  boost@1.760  boost@1.77.0  boost@1.78.0  boost@1.79.0  bricks@r0.1  bufr@11.50 butterflypack@1.1.0

butterflypack@1.2.0  butterflypack@1.2.1  butterflypack@2.0.0  butterflypack@2.1.0  butterflypack@2.1.1  byacc@master  bzip2@1.0.6  bzip2@1.0.8 c-ares@1.150 c-blosc@1.17.0  ¢-blosc@1.21.0

c-blosc@1.21.1 cabana@0.30 cabana@04.0 cairo@1.160 caliper@2.0.1  caliper@22.0 caliper@2.30 caliper@24.0 caliper@2.50 caliper@2.60 caliper@2.70 camp@0.1.0

camp@0.2.2 camtimers@master  catalyst@5.60 cdo@1.9.10 cereal@132 cgns@4.20 chai@230 chai@240 charliecloud@0.22  charliecloud@0.23  charliecloud@0.24  charliecloud@0.25

charliecloud@0.26  cinch@develop cinch@master clill@19.1 cmake@3.134 cmake@3.14.5 cmake@3.14.7 cmake@3.154 cmake@3.162 cmake@3.16.5 cmake@3.17.1 cmake@3.17.3

cmake@3.180 cmake@3.18.1 cmake@3.18.2 cmake@3.184 cmake@3.190 cmake@3.19.2 cmake@3.19.5 cmake@3.19.7 cmake@3.20.0 cmake@3.20.1 cmake@3.202 cmake@3.20.3
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E4S Support for AD teams: ExaWind

eoe (- < © | ® nttps://dashboard.e4s.io/#exawind ¢
ExaWind Project Engagement

¢ Daily development builds of the ExaWind software stack are being containerized and distributed to ExaWind developers via Docker Hub.
e These container images contain Spack-based development builds of AMR-Wind, Nalu-Wind, Trilinos and other elements of the ExaWind software stack.

¢ The build process for these containers are integrated via a meta-build tool developed in-house by the ExaWind team called Spack Manager.

e Container images are posted daily to the ecpe4s/exawind-snapshot DockerHub repository

o GitLab Repository for exawind-snapshot project

e Exawind-Driver Cl using ecpe4s/exawind-snapshot

¢ Nalu-Wind Cl using ecpe4s/exawind-snapshot

¢ AMR-Wind Cl using ecpe4s/exawind-snapshot

—
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E4S Custom Docker Images using E4S Build Cache: ExaWind

[ NON ) @ ecpeds/exawind-snapshot Tags X +

< > C O B8 https://hub.docker.com/repository/docker/ecpeds/exawind-snapshot/tags?page=1&ordering=la: 10% ¢ Q_ Search

Missed DockerCon 2022? Watch now on-demand. X

%’dOCkerhub Q Search for great content (e.g., mysq|) Explore  Repositories Organizations Help ¥ Upgrade @ exascaleproject ¥

ecpeds Repositories exawind-snapshot Using 0 of 0 private repositories. Get more

General Tags Builds Permissions Webhooks Activity Settings

@ Advanced Image Management

View preview
View all your images and tags in this repository, clean up unused content, recover untagged images. Available with Pro, Team and Business subscriptions.

Sort by Newest v Q Filter Tags

TAG

latest docker pull ecpeds/exawind-snapsh ... I_D

Last pushed 20 hours ago by esw123

DIGEST OS/ARCH LAST PULL
30689db35b4c linux/amd64

COMPRESSED SIZE ®
mme 1.64 GB
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eds-cl: A tool to simplify the launch of MPI jobs in E4S containers

- E4S containers support replacement of MPI libraries using MPICH ABI
compatibility layer and Wi4MPI [CEA] for OpenMPI| and MPICH variants.

 Applications binaries built using E4S can be launched with Singularity using MPI
library substitution for efficient inter-node communications.

- e4s-cl is a new tool that simplifies the launch and MPI replacement.

- Usage:
. /opt/intel/oneapi/setvars.sh
e4s—cl init —--backend singularity —--image /home/tutorial/ecp.simg —-source /home/tutorial/source.sh

cat ~/source.sh
. /spack/share/spack/setup—env.sh
spack load trilinos+cuda cuda_arch=80

e4s—cl mpirun -np 4 ./a.out

https://github.com/E4S-Project/e4s-cl




eds-cl Container Launcher

Login host

—

)

e4s-cl
launch

ECP =

XASCARALE
OMPUTING

Work hosts

_

e4s-cl
execute

)

library resolution

S —

C

e4s-cl
execute

container launch

Containers

V4

Host libraries

/
[—>

2

MPI program

library resolution

\ /

container launch

V4

Host libraries

.

https://e4s.io

MPI program




E4S VirtualBox Image

4% Applications Places  Terminal Mon 1557 & ) O

File Edit View Search Terminal Help

Welcome to E4S! Please see ~/Desktop/README.txt. Please use:

% spack load miniconda3

Home to load the AI/ML packages from E4S [https://eds.io] natively, or:
% runsi

to run the Singularity E4S container.

[livetau@localhost ~]$ which docker
/usr/bin/docker
§' [livetau@localhost ~]$ which singularity

livetau@localhost:~

Container Runtimes
 Docker
» Shifter

/usr/bin/singularity ] SingU|arity
/usr/bin/shifter

* Charliecloud

[livetau@localhost ~]$ which ch-run
/usr/local/packages/eds/spack/opt/spack/linux-centos7-x86 64/gcc-7.3.0/charliecloud-0.
9.9-eap7xdowneblxvsjugkhgadz5dagkasf/bin/ch-run
[livetau@localhost ~]$ which spack

| |/usr/local/packages/eds/spack/bin/spack
[livetau@localhost ~]$ alias | grep runsi
alias runsi='singularity exec /home/livetau/ecp.simg /bin/bash --rcfile /etc/bashrc’
[livetau@localhost ~]$ runsi
Singularity> which spack
/usr/local/packages/ecp/spack/bin/spack
Singularity> [J

[livetau@localhost ~]$ which shifter

>

Terminal

Firafoi YWeab Browser

==

README. tet

[ E livetau@localhost:~ 1/4
Bok@ld@ G ® Lefts

E\{\g\\)l: EEmeG https://e4s.io




E4S 22.05 AWS image: US-West2 (OR) ami-0d72954"

¥ Applications  Places

Home

firefox

gnome-terminal

README.txt

Bl tutorial@ip-172-31-6-250:~/Zoltan

ParaView 5.9.0

Friod:ds & ) O

File Edit View Sources

(e @ @
“RCEN  J=he
YLL:
Pipeline Browser
@ builtin:

» B

Properties Information

Properties

*® Delete

Filters Extractors Tools Catalyst

ParaView 5.9.0

Macros Help
& W 7 04 4l » Time:[o.199889 ~ 13
A Surface With Edges ~
e Cm [ & & G5 5 (.}
D Layout #1 & b
3D -2 €

» RenderViewl

+ max is 13

1
)
q
s
™

A=

pressure

v pressure
v turbulent_viscosity
v veloritv
<
F ea Termi
rial@ip-172-31-6-25( 3lu-
(base)

Singularity> module avail
Rebuilding cache,

adiak/0.2.1-4vc
adios/1.13.1-zh4
adios2/2.7.1-4qz
adlbx/1.0.0-h27
alquimia/1.0.9-m25
amrex/21.11-cuda-7bb
amrex/21.11-cuda-zxc
amrex/21.11-ny5
amrex/21.11-rocm-6cnl
arborx/1.1-qda
arpack-ng/3.8.0-xhd
ascent/0.7.1-aij
axl/0.3.0-6n4
ax1/0.5.0-xdi
axom/0.5.0-xaa
butterflypack/2.0.0-oto
cabana/0.4.0-hcz

please wait

tutorial@ip-172-31-6-250:~/Zc

tutorial@ip-172-31-6-250:~/Zolta

[tutorial@ip-172-31-6-250 Zoltanl$ singularity run ~/ecp.simg

(written to file) done.

/spack/modules/linux-ubuntu20.04-x86 64/mpich/3.4.2-jpicv6o/Core

omega-h/9.34.1-wt2
openpmd-api/0.14.3-el6
papyrus/1.0.1-3g6
parallel-netcdf/1.12.2-phc
paraview/5.9.1-s6m
parmetis/4.0.3-vhi
parsec/3.0.2012-cuda-qgxe
parsec/3.0.2012-cuda-45r
parsec/3.0.2012-1jc
petsc/3.16.1-cuda-prk
petsc/3.16.1-cuda-sjk
petsc/3.16.1-cuda-372
petsc/3.16.1-dor
pflotran/3.0.2-wqt
pfunit/3.3.3-7ln
phist/1.9.5-dsi
precice/2.3.0-hov

(D)

T TAU: ParaProf Manager

T TAU: ParaProf: 3D Visualizer: demo... [TAU: ParaPr

TAU: ParaProf: Statistics for: nod

File Options Windows Help

parallel_for Kokkos::

File Options Windows Help

LLLLLELES L[]
Name & Exclusive Tl... |Inclusive TIME ‘

¢ B.TAU application 8.784 218.852
> M Belos: Operation Op*x 0.629 0.706

7 M Belos: PseudoBlockGmresSolMgr total solve time 0.615 65.591
oM Belos: ICGS[2]: Orthogonalization 0.22 18.854

> M Belos: Operation Op*x 1.672 2.32

¢ M Belos: Operation Prec*x 7.617 43.327

o MIfpack2::Chebyshev::apply 4.76 25.865

B Kokkos::parallel_for Kokkos::View::initialization [DualV 0.003 0.003

B Kokkos::parallel_for Kokkos::View::initialization [MV::D 0.004 0.004

M Kokkos::parallel_for Kokkos::View::initialization [export 0.002 0.002

M Kokkos:: View::initialization [impor! 0.002 0.002

ECP

EXASCALE
COMPUTING
PROJECT

6d1cb63e3a

anate E4S 22.05 image
Build cache

* Nalu-X demonstration

« Singularity and
Docker runtimes

« Discussing a
compelling demo in
E4S iteration 42

 \Was demonstrated at
ISC22 and ATPESC.




E4S Summary

Extensible, open architecture software ecosystem accepting

A closed system taking contributions only from DOE contributions from US and international teams.

software development teams. Framework for collaborative open-source product
integration.

A monolithic, take-it-or-leave-it software behemoth. A full collection of compatible software capabilities and

A manifest of a la carte selectable software capabilities.

A commercial product. Vehicle for delivering high-quality reusable software
products in collaboration with others.

A simple packaging of existing software. The conduit for future leading edge HPC software targeting
scalable next-generation computing platforms.
A hierarchical software framework to enhance (via SDKs)
software interoperability and quality expectations.
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