E4S: Extreme-scale Scientific Software Stack

High Throughput Computing (HTC23)
https://agenda.hep.wisc.edu/event/2014/contributions/28449/

July 14, 2023, 11:15am CT - 11:45am CT O
Howard Auditorium

Fluno Center on the University of Wisconsin-Madison Campus UNIVERSITY

OF OREGON

Prof. Sameer Shende

Research Professor and Director,

Performance Research Laboratory, OACISS, University of Oregon
President and Director, ParaTools, Inc.

https://e4ds.io/talks/E4S HTC23.pdf



https://agenda.hep.wisc.edu/event/2014/contributions/28449/

Challenges

. As our software gets more complex, it is getting harder to
install our tools and libraries correctly in an integrated and
interoperable software stack to deploy our applications to
the high throughput computing (HTC) platforms!

. E4S is a containerized platform that features a capable
HTC software stack with support for GPUs
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Exascale Computlng PrOJect (ECP
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Getting Computing Luminary Jack
Dongarra's Perspective on the
Exascale Computing Project

Let’s Talk

-Exascale ¥’ ] Computing pioneer Jack Dongarra says ECP has been a great success in
PoDCAST terms of human and technical accomplishments but follow-on is crucial.

Source:
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Jack Dongarra
The URAINVErsity of Tennessee and
08k Ridge’National Laboratory

Feature Highlight

slow growth rate fast growth rate

EXAALT-ing Molecular Dynamics to E4S — Much More than Just the E4S is now at version 23.05

the Power of Exascale Delivery Veh'c.le fo_r Hardened and E4S exists to accelerate the development,
Robust HPC Libraries and Tools deployment and use of HPC software, lowering

Stronger. Lighter. More durable. These physical

qualities and other properties, such as The Extreme-Scale Scientific Software Stack the barriers for HPC users

conductivity, heat resistance, and reactivity, are (E4S) is the delivery vehicle for hardened and

key to developing novel robust Exascale Computing Project (ECP)
reusable libraries and tools
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ECP’s holistic approach uses co-design and integration to
achieve exascale computing

Performant mission and science applications at scale

Aggressive Mission apps; integrated S/W Deployment to DOE HPC Hardware
RD&D project stack Facilities technology advances

Application Development (AD)

Software Technology (ST)

Hardware and Integration (HI)

Develop and enhance the predictive ' Deliver expanded and vertically ‘ Integrated delivery of ECP products

capability of applications critical to integrated software stack to achieve on targeted systems at leading DOE
DOE full potential of exascale computing HPC facilities
24 applications 71 unique software products 6 US HPC vendors
National security, energy, spanning programming models and focused on exascale node and system
Earth systems, economic security, run times, design; application integration and
materials, data math libraries, software deployment to Facilities

6 Co-Design Centers data and visualization

Machine learning, graph analytics,
mesh refinement, PDE discretization,
particles, online data analytics
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US DOE HPC Roadmap to Exascale Systems

2012-2020 2021-2023
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ECP Software Technology (ST)

Goal

~
Build a comprehensive, coherent Prepare SW stack for scalability
software stack that enables with massive on-node parallelism
application developers to < g
productively develop highly Extend existing capabilities when é.' - 'E?: =
parallel applications . = E-I
that effectively target possible, develop new when not . I'l
diverse exascale N ég S e
architectures Guide, and complement, and = =
integrate with vendor efforts ) — ======
N
Develop and deliver high-quality
and robust software products




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 each release

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
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 https ://e4S . i O

Nov 2021: E4S 21.11 - 91 full release products

Feb 2022: E4S 22.02 — 100 full release products

May 2022: E4S 22.05 — 101 full release products
August 2022: E4S 22.08 — 102 full release products
November 2022: E4S 22.11 — 103 full release products
February 2023: E4S 23.02 — 106 full release products

Also include other products .e.g.,
Al: PyTorch, TensorFlow (CUDA, ROCm)
May 2023: E4S 23.05 — 109 full release products Co-Design: AMReX, Cabana, MFEM

- EDA: Xyce
— \ EXASCALE
E\(\g\)F’ CavPLT



https://e4s.io/

E4S: Extreme-scale Scientific Software Stack

E4S is a community effort to provide open-source software packages for developing, deploying and running scientific

applications on HPC platforms.

E4S has built a comprehensive, coherent software stack that enables application developers to productively develop highly

parallel applications that effectively target diverse exascale architectures.

E4S provides a curated, Spack based software distribution of 100+ HPC, 50+ EDA (e.g., Xyce), and Al/ML packages (e.g.,

TensorFlow, PyTorch).

With E4S Spack binary build caches, E4S supports both bare-metal and containerized deployment for GPU based platforms.
* X86 64, ppcb4dle (IBM Power 9), aarch64 (ARM64) with support for GPUs from NVIDIA, AMD, and Intel
* HPC and Al/ML packages are optimized for GPUs and CPUs.

Container images on DockerHub and E4S website of pre-built binaries of ECP ST products.

Base images and full featured containers (with GPU support).

Commercial support for E4S through ParaTools, Inc. for installation, maintaining an issue tracker, and ECP AD engagement.
* https://dashboard.e4s.io https://e4s.io/talks/E4S Support June23.pdf

e4s-cl container launch tool allows binary distribution of applications by substituting MPI in the containerized app with the

system MPI. e4s-alc is a tool to create custom container images from base images

Quarterly releases: E4S 23.05 released on May 31, 2023: https://e4s.io/talks/E4S 23.05.pdf

E4S for commercial cloud platforms: AWS image supports MPI implementations and containers with remote desktop (DCV).
* Intel MPI, NVHPC, MVAPICH2, MPICH, MPC, OpenMPI

E(CP =20 https:/ieds.io
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Getting started with E4S on OSG-HTC

[sameer@ap20@ examplel$ 1s /cvmfs/singularity.opensciencegrid.org/ecpe4s/
e4s—-cuda:22.11 e4s-cuda:23.05 e4s-oneapi:22.11 e4s-oneapi:23.05 e4s-rocm:22.11 e4s-rocm:23.052

[sameer@ap20 examplel$ cat workload.submit
+SingularityImage = "/cvmfs/singularity.opensciencegrid.org/ecpes4s/ess—cuda:23.05"

requirements = GPUs_Capability >= 8.0

executable = test.sh

arguments =

input =

output = $(Cluster).$(Process).out
error = $(Cluster).$(Process).err
log = $(Cluster).$(Process).log

[Tl

request_cpus
request_gpus =

request_memory 8GB

queue 1

[sameer@ap20 examplel$ cat test.sh
#!/bin/bash

set -e

echo "I'm running on " hostname -f°
echo "OSG site: $0SG_SITE_NAME"

echo
export CUDA_VISIBLE_DEVICES=0
cd /opt/demo/python_tests

./run.sh

echo "Arch list:"
python —-c "import torch; print(torch.cuda.get_arch_list())"

nvidia-smi
1scpu

[sameer@ap20 examplel$ condor_submit workload.submit

=P === cd /cvmfs/singularity.opensciencegrid.org/ecpe4s




Getting started with E4S on OSG-HTC

I'm running on gpul@.cluster

0SG site: PDX-Coeus-CE1

f6.py:

PyTorch DeviceName: NVIDIA RTX A5000
99 851.0418701171875

199 14.990114212036133

299 0.35536718368530273

399 0.009244419634342194

499 0.0004737153649330139

Arch list:

['sm_35', 'sm_70', 'sm_75', 'sm_8@', 'sm_90']
Sat Jul 8 09:36:17 2023

| NVIDIA-SMI 530.30.02 Driver Version: 530.30.02 CUDA Version: 12.1
| + + +
| 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 RTX A5000 On | 00000000:01:00.0 Off | off |
| 30% 31C P8 26W / 230W| 3MiB / 24564MiB | 0% Default |
| | | N/A |
| 1 NVIDIA RTX A5000 On | 00000PRO:41:00.0 OFff | off |
| 30% 24C P8 16W / 230W| 3MiB / 24564MiB | 0% Default |
| | | N/A |
| 2 NVIDIA RTX A5000 On | 00000000:81:00.0 Off | off
| 30%  24C P8 16W / 230W| 3MiB / 24564MiB | 0% Default |
| | | N/A
| 3 NVIDIA RTX A5000 On | 0000PLLO:C1:00.0 OFff | Off
| 30% 24C P8 24W / 230W| 3MiB / 24564MiB | 0% Default |
| [ | N/A

Processes:

GPU GI CI PID Type Process name GPU Memory

No running processes found

|
|
| ID ID Usage
|
|

Architecture: x86_64

CPU op-mode(s): 32-bit, 64-bit

Byte Order: Little Endian

Address sizes: 43 bits physical, 48 bits virtual
CPU(s): 64

On-line CPU(s) list: 0-63
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E4S Support for Al/ML frameworks with V100, A100, and H100 GPUs

Singularity> python

Python 3.8.10 (default, Nov 14 2022, 12:59:47)

[GCC 9.4.0] on linux

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

>>> import scipy

>>> 1import matplotlib

>>> import tensorflow

>>> tensorflow._ _version_ _

'2.12.0'

>>> import torch

>>> torch.__version__

'2.0.0'

>>> torch.cuda.get_device_name(torch.cuda.current_device())
'NVIDIA H100 PCIe'

>>> [
E4S 23.05 supports NVIDIA H100 GPUs with TensorFlow 2.12.0 and PyTorch 2.0.0




Python tools in E4S 23.05 on Expanse at SDSC

[sshende@login®2 ~]$ srun —--gpus=1 —--partition=gpu-debug —--wait=0 --pty —-account=DDP408 --time=0:10:00 —--nodes=1 —--ntasks—per—-node=4 ——mem=8G —-export=ALL /bin/bash
srun: job 24032821 queued and waiting for resources

srun: job 24032821 has been allocated resources

[sshende@exp-7-59 ~1$ cd /cm/shared/apps/containers/singularity/e4s/v23.05
[sshende@exp-7-59 v23.051% module load singularitypro

[sshende@exp-7-59 v23.051$ singularity run -e —--nv e4s-cuda80-x86_64-23.05.sif
Singularity> 1s /usr/local/lib/python3.8/dist-packages/

=

P

absl
absl_py-1.4.0.dist-info
astunparse
astunparse-1.6.3.dist-info
boto3
boto3-1.20.35.dist-info
botocore
botocore-1.23.42.dist-info
cachetools
cachetools-5.3.0.dist-info
certifi
certifi-2022.12.7.dist-info
cffi

cffi-1.15.1.dist-info
_cffi_backend.cpython-38-x86_64-1inux—-gnu.so
charset_normalizer
charset_normalizer-2.1.1.dist-info

clang

clingo

clingo-5.6.2.dist-info

contourpy

contourpy-1.0.7.dist-info

cv2

cycler-0.11.0.dist-info

cycler.py

dateutil

_distutils_hack

distutils—precedence.pth

exceptiongroup
exceptiongroup-1.1.1.dist-info

filelock

filelock-3.12.0.dist-info

flatbuffers

flatbuffers-23.5.9.dist-info

fontTools

fonttools-4.39.4.dist-info

fsspec

fsspec-2023.5.0.dist-info

functorch

gast
gast-0.4.0.dist-info
Singularity> python
Python 3.8.10 (default,
[GCC 9.4.081 on linux
Type "help", "copyright",
>>> import torch

>>> import tensorflow
>>> import scipy

>>> import numpy

>>> import matplotlib
>>> import keras

>>> I

Nov 14 2022,
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12:59:47)

"credits" or "license"

gnureadline-8.1.2.dist-info
gnureadline.cpython-38-x86_64-1inux-gnu.so
gnureadline.libs

google
google_auth-2.18.1.dist-info
google_auth-2.18.1-py3.9-nspkg.pth
google_auth_oauthlib
google_auth_oauthlib-1.0.08.dist-info
google_pasta-0.2.0.dist-info

grpc

grpcio-1.54.2.dist-info

h5py

h5py-3.8.0.dist-info

h5py.libs

huggingface_hub
huggingface_hub-0.14.1.dist-info
idna

idna-3.4.dist-info
importlib_metadata
importlib_metadata-6.6.0.dist-info
importlib_resources
importlib_resources-5.12.0.dist-info
iniconfig
iniconfig-2.0.0.dist-info
isympy.py

jax

jax-0.4.10.dist-info

jinja2

Jinja2-3.1.2.dist-info

jmespath

jmespath-0.10.0.dist-info

keras

keras-2.12.0.dist-info

kiwisolver
kiwisolver-1.4.4.dist-info
libclang-16.0.0.dist-info

markdown

Markdown-3.4.3.dist-info
markupsafe
MarkupSafe-2.1.2.dist-info
matplotlib

for more information.

matplotlib-3.7.1.dist-info
matplotlib-3.7.1-py3.8-nspkg.pth
minio
minio-7.1.12.dist-info
ml_dtypes
ml_dtypes-0.1.0.dist-info
mpl_toolkits

mpmath
mpmath-1.3.0.dist-info
networkx
networkx-3.1.dist-info
numpy
numpy-1.23.5.dist-info
numpy.libs

nvfuser

oauthlib
oauthlib-3.2.2.dist-info
opencv_python-4.7.08.72.dist-info
opencv_python.libs
opt_einsum
opt_einsum-3.3.0.dist-info
packaging
packaging-23.1.dist-info
pasta

pika

pika-1.3.2.dist-info

PIL

Pillow-9.5.0.dist-info
Pillow.libs

pip

pip-23.1.2.dist-info
pkg_resources

platformdirs
platformdirs-3.5.1.dist-info
pluggy
pluggy-1.0.0.dist-info

pooch

pooch-1.7.0.dist-info
protobuf-4.23.1.dist-info
pyasnl
pyasnl-0.5.0.dist-info

pyasnl_modules
pyasnl_modules-0.3.0.dist-info
__pycache__

pycparser
pycparser—2.21.dist-info
pylab.py

pyparsing
pyparsing-3.0.9.dist-info
py.py

_pytest

pytest
pytest-7.3.1.dist-info
python_dateutil-2.8.2.dist-info
pytz

pytz-2022.7.dist-info
pywaggle-0.55.1.dist-info
pywagglemsg-0.4.0.dist-info
PyYAML-6.0.dist-info
readline.py

regex
regex—2023.5.5.dist-info
requests
requests-2.28.1.dist-info
requests_oauthlib
requests_oauthlib-1.3.1.dist-info
rsa

rsa-4.9.dist-info
s3transfer
s3transfer-0.5.2.dist-info
scipy
scipy-1.10.1.dist-info
scipy.libs

setuptools
setuptools-65.6.3.dist-info
six-1.16.0.dist-info

six.py

sympy

sympy-1.12.dist-info
tensorboard
tensorboard-2.12.3.dist-info
tensorboard_data_server

tensorboard_data_server-0.7.0.dist-info

tensorflow
tensorflow-2.12.0.dist-info
tensorflow_estimator

tensorflow_estimator-2.12.0.dist-info

tensorflow_io_gcs_filesystem

tensorflow_io_gcs_filesystem-0.32.0.dist-info

termcolor
termcolor-2.3.0.dist-info
tokenizers
tokenizers-0.13.3.dist-info
tokenizers.libs

tomli

tomli-2.0.1.dist-info

torch

torch-2.0.0.dist-info
torchaudio
torchaudio-2.0.1+3b40834.dist-info
torchgen

torchvision

torchvision-0.15.1a0+4275%b1.dist-info

tqdm

tgdm-4.65.0.dist-info
transformers
transformers-4.29.2.dist-info
typing_extensions-4.6.0.dist-info
typing_extensions.py

urllib3
urllib3-1.26.13.dist-info
waggle

wagglemsg

werkzeug
Werkzeug-2.3.4.dist-info
wheel

wheel-0.38.4.dist-info

wrapt

wrapt-1.14.1.dist-info

_yaml

yaml

zipp

zipp-3.15.0.dist-info

cd /cm/shared/apps/containers/singularity/e4s/v23.05




E4S includes Julia with support for CUDA and MPI

Singularity> which julia
/usr/local/julia/1.9.0/bin/julia
Singularity> cd /opt/demo/Julia/
GrayScott.jl/ Mandelbrot/ MPI_example/
Singularity> cd /opt/demo/Julia/MPI_example/
Singularity> 1s

foo.jl run.sh

Singularity> cat foo.jl

# examples/01-hello.jl

using MPI

'MPI.Init()

comm = MPI.COMM_WORLD
println("Hello world, I am $(MPI.Comm_rank(comm)) of $(MPI.Comm_size(comm))")
MPI.Barrier(comm)

# From: https://juliaparallel.org/MPI.jl/stable/usage/

Singularity> cat ./run.sh

#!/bin/bash

mpirun -np 4 julia —--project ./foo.jl

[Singularity> ./run.sh

Hello world, I am © of 4Hello world, I am 1 of 4Hello world, I am 2 of 4Hello world, I am 3 of 4

|

‘Singularity> [
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Considerations while deploying HPC/AIl workloads to the cloud

Which cloud provider?

AWS, OCI, GCP, Azure, ...
Why not all?

HPC and Al/ML workloads need low latency, high bandwidth
Which MPI?

Which image?
Base Ubuntu without HPC tools or libraries? Too steep a learning curve

Provisioning and building the image on different cloud providers
Command line interfaces can be cumbersome to use

Bursting to the cloud from on-prem clusters using batch submission scripts?




Key considerations for cloud-based deployment for E4S

MPI - the core inter-node communication library has several implementations
— Intel MPI, MVAPICH2-X, OpenMPI
— Interfacing MPI with the job scheduling package (MOAB, Torque, SLURM)

Cloud providers have different inter-node network adapters:
— Elastic Fabric Adapter (EFA) on AWS

— Infiniband on Azure
— Mellanox Connect-X 5 Ethernet (ROCE) on Oracle Cloud Infrastructure (OCI)

Intra-node communication with XPMEM (driver and kernel module support is critical)

GPU Direct Async (GDR) support for communication between GPUs in MVPICH-Plus release
ParaTools, Inc. building E4S optimized with MVAPICH-Plus for AWS, OCI, GCP, and Azure
Using Adaptive Computing’s ODDC interface to launch E4S jobs on multiple cloud providers!




Adaptive Computing’'s ODDC interface for E4S

Moab HPC Suite

User Submits

Job Scheduler

RS > e <

Moab HPC Suite

Moab ODDC Connect

Y
On-Premise System

HPC Cloud On-Demand Data Center

User Submits

R

HPC Cloud ODDC )

Provisioning

HPC Cloud ODDC
Job Queue
r
E4S Extreme Scale
Scientific Software Stack
« Commercial HPC Applications
+ Open Source HPC Applications
+ Custom HPC Applications
+ GPU Support for Al/ML Workloads
N

Public Clouds ﬂ

Q0 <——DCNMmwn

mMmNZ>—rov20nN

Enterprise Clouds
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E4S 23.05 AWS image: US-West2 (OR

v
v turbulent_viscosity
] velarity

‘

firefox

earch Terminal

gnome-terminal orial@ip-172-31-6-250:~/nalu-win

(base)
Singularity> module avail
Rebuilding cache,

ML 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
arborx/1.1-qda
arpack-ng/3.8.0-xhd
ascent/0.7.1-aij
ax1/0.3.0-6n4
ax1/0.5.0-xdi
axom/0.5.0-xaa
butterflypack/2.0.0-oto
cabana/0.4.0-hcz

[tutorial@ip-172-31-

please wait

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

6-250 Zoltan]$ singularity run ~/ecp.simg

(written to file) done.

/spack/modules/linux-ubuntu20.04-x86_64/mpich/3.4.2-jpicvbo/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/3.3.3-71ln
phist/1.9.5-dsi
precice/2.3.0-hov

(D) (D)

(D)

tutorial@ip-172-31-6-250:~/Zoltan T TAU: ParaProf Manager

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

# Applications  Places ParaView 5.9.0 Frio34s & ) O
ParaView 5.9.0 - o x [AU: ParaProf: Statis or: node 0 - tauprofile.xm
File Edit View Sources Filters Extractors Tools Catalyst Macros Help File Options Windows Help

&8 & ) & W F 14 <l » Time:fo199sey - |13 [T|maxis13 @ » ] LTI

- Name & Exclusive Tl... |Inclusive TIME
= pressure - EusinceWith|Edg ey » | 5> W B TAU application 8.784 218.852
6 =D e la L c® By S ER L) > M Belos: Operation Op*x 0.629 0.706
e S : - 7 M Belos: PseudoBlockGmresSolMgr total solve time 0.615 65.591
B peielF mwsen B | Miayout #18 | + ~mBelos: ICGS[2]: Orthogonalization 0.22 18.854
i builtin: [ & | 3 (] = 2 A - » RenderViewl 0Ol = > M Belos: Operation Op*x 1.672 2.32
* ¢ M Belos: Operation Prectx 7.617 43.327
o M Ifpack2::Chebyshev::apply 4.76 25.865
Properties | Information M Kokkos::parallel_for Kokkos::View::initialization [DualV 0.003 0.003
Properties @ M Kokkos::parallel_for Kokkos::View::initialization [MV::D 0.004 0.004
% Delete M Kokkos::parallel_for Kokkos::View::initialization [export 0.002 0.002
M Kokkos::parallel_for Kokkos::View::initialization [impori 0.002 0.002
- < = - TAU: ParaProf: 3D Visualizer: demo.py = =

pressure " . .
File Options Windows Help
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E4S 23.05 AWS
Intel oneAPI

« CUDA

« NVHPC

« ROCm

« AWS DCV

« Spack Build
Cache

« ECP: Nalu-Wind

 Trilinos 13.4.0

 OpenFOAM

« ParaView

« TAU

 Docker

o Shifter

* Charliecloud

« EA4S Singularity

« EDA tools...




E4S for Commercial Cloud Platforms for EDA on AWS E4S EDA on AWS

Magic
« ACT

E4S: HPC Software Ecosystem — a curated software portfolio for Electronic Design Automation . Klayout

# Applications  Places  Qflow Manager Thu02:27 & o4 O
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[tutorial@ip-172-31-43-167 edal]$ module load eda
[tutorial@ip-172-31-43-167 edal$ pwd °
/usr/local/packages/eda YOSyS
s 4 [tutorial@ip-172-31-43-167 eda]$ 1s °
act-022223 netgen-1.5 qucs-s-0.0.23 VOIator
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[tutorial@ip-172-31-43-167 edal$ python3 . Irsim
L — Python 3.7.16 (default, Dec 15 2022, 23:24:54)
s = [GCC 7.3.1 20180712 (Red Hat 7.3.1-15)] on linux 4 QI’OUter
— Type "help", "copyright", "credits" or "license" for more information.
_ >>> import openram ° FaUIt
>>> import cocoth
>>> import amaranth i GDS3D
>>> import edalize
>>> impcrt gdsfactory (] Rggen
2 23 02:21:35.822 | INFO | gdsfactory.config:<module>:51 - Load '/home
1 ca'l./'l.ib/python3.7/site-packages/gdsfactory' 6.38.0 [ Python tOOIS
0 :21:35.876 | INFO | gdsfactory.technology.layer views: init
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: 1oca1/11b/python3 7/site-packages/gdsfactory/generic_tech/klayout/tech/layers.ly
~ User: tutorial p. ° Amaranth
- File Edit View Bookmarks Display Tools gdsfactory 6.38.0 Macros Help Project: Desktop /homeftutorial/Demp>>> import gdspy
) . - >>> import pyverilog o i
L A G % C{Yf’ ‘ff/ - @ - PChECkI:_sr (not done) >>> import spyci Edallze
p— . Select | Move Ruler (Default) reparation paiuine >>> import volare °
c. @® Synthesis (not done) >>> import siliconcompiler GdeaCtory
' « Gdspy
Placement (not done) [tutorial@ip-172-31-43-167 edal]$ ls /usr/local/packages/eda/SRC/OpenLane/
. : AUTHORS . md designs install pdks requirements.txt °
S LR | (i) configuration docker Jenkinsfile README.md run_designs.py OpenRAM
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8.3.365 I
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(openfasoc) [tutorial@ip-172-31-43-167 edal]$ magic --version
; . "y Lvs (not done) s 3303  Volare
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» EA4S: HPC Software Ecosystem — a curated software portfolio for Electronic Design Automation

Magic http://opencircuitdesign.com/magic/ Yosys https://github.com/YosysHQ/yosys
2 Xyce https://xyce.sandia.gov 14 Xcircuit http://opencircuitdesign.com/xcircuit/
3 NGSPICE T — 15 Graywolf https://github.com/rubund/graywolf
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Project/OpenROAD Toolchain
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https://github.com/siliconcompiler/siliconcompiler
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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/

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@2.32 @ custom version
$ spack install tau@2.32 %gcc@9.3.0 % custom compiler
$ spack install tau@2.32 %gcc@9.3.0 +rocm +/- build option
$ spack install tau@2.32 %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

—_—
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https://github.com/LLNL/spack.git

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




E4S Download from https://eds.io
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HOME EVENTS ABOUT E4S-CL PRODUCT DOCPORTAL DEPLOYMENTS COMMUNITY POLICIES
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CONTACT JOIN FAQ DOCUMENTATION DOWNLOAD

E4S Project

The Extreme-scale Scientific Software Stack

E4S 23.05 container images now available!

See Downloads for more information on E4S 23.05.

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
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E4S Container Download from https://e4s.io

| o0 @ M-y < © | B8 https://e4s-project.github.io/download.html (@) ﬂ] + 88

HOME EVENTS ABOUT E4S-CL PRODUCT DOCPORTAL DEPLOYMENTS COMMUNITY POLICIES

CONTACT JOIN FAQ DOCUMENTATION DOWNLOAD

Acquiring E4S Containers

The current E4S container offerings include Docker and Singularity images capable of running on
X86_64, PPC64LE, and AARCH64 architectures. Our full E4S Release images are based on Ubuntu
20.04 (x86_64, aarch64, ppcb4le). In addition to offering a full E4S image containing a
comprehensive selection of E4S software released on a quarterly cycle, we also offer a set of
minimal base images suitable for use in Continuous Integration (Cl) pipelines where Spack is used

to build packages.
Docker images are available on the E4S Docker Hub.

Please see the E4S 23.05 Release Notes.

S~
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Download E4S 23.05 GPU Container Images:

e M+ < © | B8 https://e4s-project.github.io/download.html (]

& Container Releases </> From source with Spack

[

Spack contains packages for all of the products
listed in the E4S 23.05 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.

,;\ \ EXASCALE . .
E\(C\)F’ = https://e4s.io

NVIDIA, AMD, Intel

Separate full featured
Singularity images for 3 GPU
architectures

GPU full featured images for
— x86_64 (Intel, AMD, NVIDIA)
— ppc64le (NVIDIA)

Full featured images
available
on Dockerhub

100+ products on 3
architectures




Download E4S 23.05 GPU Container Images AMD, Intel, and
NVIDIA

ECP
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| @ e M+ < © | B8 https://e4s-project.github.io/download.html

B + 88

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 ecped4s/ed4s—cuda:23.05
# docker pull ecped4s/ed4s—rocm:23.05

# docker pull ecped4s/eds-oneapi:23.05

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, AARCH64)
ecpeds/eds-rocm:23.05 g docker ecpeds/eds-cuda:23.05 @y docker
e4s-rocm90a-x86_64-23.05.sif fs) mirror 1 e4s-cuda80-x86_64-23.05.sif fs) mirror 1
e4s-rocm908-x86_64-23.05.sif fs) mirror 1 e4s-cuda90-x86_64-23.05.sif fs) mirror 1

eds-cuda70-ppco4le-23.05.sif fs) mirror 1
e4s-cuda75-aarch64-23.05.sif fs) mirror 1
e4s-cuda80-aarch64-23.05.sif (§) mirror 1

https://e4ds.io

Intel OneAPI (x86_64)

eds-oneapi-x86_64-23.05.sif fs> mirror 1




Intel Compilers and MPI Libraries Now Accessible in E4S Containers:
A Breakthrough Collaboration Driving Productivity and Sustainability

e Background:

— E4S provides a unified software stack of libraries and tools for portable performance on HPC systems, especially GPU-based
systems.

— E4S promises seamless portability for onsite and cloud-based workflows through its container-based approach.
— Intel compilers and libraries available in E4S accelerates preparations for Aurora and future Intel-based GPU systems.
— E4S eliminates the need for separate management of access to Intel compilers and libraries, benefiting users

— Many important workflows, especially regression testing and turnkey usage for Intel platforms become feasible and easier

* The E4S-Intel agreement makes Intel compilers and MPI libraries available via E4S containers:
— Enables full testing and execution of HPC libraries and tools on Intel platforms via E4S, including Aurora early access systems

— Represents a win-win for DOE, Intel, and the broader E4S user community that is developing at other US agencies and industry
* The Intel agreement brings Intel in line with E4S builds that include AMD and NVIDIA tools.

e The E4S-Intel agreement is possible through the partnership of ECP and the E4S commercial provider, ParaTools, Inc.

S \
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E4S base container images allow users to customize their containers

| o0 @ M-y < © | B8 nttps://e4s-project.github.io/download.htmi ¢ I'I] + 83
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.
|
AMD ROCM (X86_64) NVIDIA Multi-Arch (X86_64, PPC64LE, Intel OneAPI (X86_64)
AARCH64) * Intel oneAPI
ecpeds/eds-base-rocm:23.05 g docker ecpeds/eds-base-oneapi:23.05 @ docker
ecpeds/eds-base-cuda:23.05 gy docker
e4s-base-rocm-x86_64-23.05.sif @ mirror 1 e4s-base-oneapi-23.05.sif @ mirror 1 ° AMD ROCIT]
- e4s-base-cuda-x86_64-23.05.sif @ mirror 1
e4s-base-cuda-aarch64-23.05.sif @ mirror 1 ¢ NVIDIA NVHPC
eds-base-cuda-ppc64le-23.05.sif @ mirror 1 and CUDA

Minimal Spack

This image contains a minimal setup for using Spack 0.18.0 w/ GNU compilers
X86_64, PPC64LE, AARCH64
ecpeds-ubuntu20.04-x86_64-23.05.sif @ mirror 1

ecpeds-ubuntu20.04-ppc64le-23.05.sif @ mirror 1
ecpe4s-ubuntu20.04-aarch64-23.05.sif @ mirror 1

’: \ EXASCALE . .
E\(\g\)F’ CaMEL e https://eds.io




e4s-alc: a new tool to customize container images

ECP
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Product Solutions

& EA4S-Project [ e4s-alc  Public

<>

2_9

e FrederickDeny updated README to show singularity support with svg to main

0D DO D OO

Code (O Issues 2

main ~ ¥ 6 branches  0tags

eds_alc

tests
.gitignore
LICENSE
Makefile
README.md
pyproject.toml

tox.ini
README.md

Operating Systems supported:

. @ Ubuntu
.9 Red Hat
« “suse@

Backends supported:
. VdOCker Docker
@
o podman Podman

re
. S Singularity

1 Pull requests

© | O https://github.com/E4S-Project/ I

Open Source Pricing

(® Actions [ Projects (@ Security

Merge branch 'main' into development
commented why a test is commented out
Added Makefile to download python interpreter
Initial commit

Added Makefile to download python interpreter

updated README to show singularity support with svg to main

Slight correction of the description of alc in pyproject + update...

barebones tox testing implemented

Go to file

¢

L\ Notifications

|~ Insights

7474856 lastweek ) 94 commits

last month

2 months ago
last month

3 months ago
last month
last week

last month

2 months ago

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

h + 88

Sign in tSign up }

% Fork 1 v Star 2 v

About

E4S a la carte is a tool that allows a user
to customize a container image by adding
packages to it. These can be system
packages and Spack packages.

Readme

MIT license

2 stars

4 watching

< 0 % & B

1 fork

Report repository

Releases

No releases published

Packages

No packages published

Contributors 4

e FrederickDeny

ﬁ PlatinumCD Cameron Durbin

@ spoutnik Jean-Baptiste Skutnik

& sameershende Sameer Shende

Add to a base image:

» Spack packages

OS packages

Tarballs




eds-alc: E4S a la carte — a tool to customize Contamer Images

0O <

‘= README.md

[ |~ Uj o

\Q https://github.com/E4S-Project/e4s-alc \ i

$ e4s-alc init

Create image

$ e4s—-alc create \

Add packages to a container image:
» Spack packages

ol *  OS packages (yum/apt/zypper)
P pyonumey A « Add a tarball to a location
—p autodl

or

» Create a new container image
»  Works for Docker & Singularity!

$ e4s—alc create \
—--image ubuntu:22.04 \

—-name my-ubuntu-image \
——no-spack

or

$ cat test.json

{
"image": "ubuntu:22.04",
"name": "test-file-kokkos-raja",
"spack": true,
"spack-packages": [
"kokkos™",
"raja"
1,
"os—packages": [
"neovim",
"valgrind"
]
}

$ e4s—-alc create -f test.json

EXASCALE
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E4S 23.05 DOE LLVM and Cl images

ECP

| e0ee @M~ <

O (E8np

//e4s-project.github.i html

DOE LLVM EA4S Image

This multi-architecture image contains E4S products compiled with DOE LLVM 16 and Flang using Spack

Multi-Arch (X86_64, PPC64LE, AARCH64)

e4s-doe-llvm-x86_64-23.05.sif {§) mirror 1
e4s-doe-llvm-aarch64-23.05.sif fs> mirror 1
e4s-doe-llvm-ppc64le-23.05 sif fs> mirror 1

Continuous Integration Images

These are barebones operating system images which contain only essential build tools and python packages needed by Spack.

These images are intended to be used in continuous integration workflows where Spack is first cloned and then used to build and test software.

X86_64

GitHub
ecpe4s/ubuntu20.04-runner-x86_64 g docker

GitHub

PPC64LE

ecpeds/ubuntu22.04-runner-ppc64le
& docker GitHub
ecpe4s/ubuntu20.04-runner-ppc64le
& docker GitHub
ecpe4s/ubuntu18.04-runner-ppcb4le
&5 docker GitHub
ecpe4s/rhel8-runner-ppc64le @ docker GitHub

ecpe4s/rhel7-runner-ppc64le @ docker GitHub

AARCH64

ecpeds/ubuntu22.04-runner-aarch64

EXASCALE
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E4S 23.05 Detailed Documentation for Bare metal Installatlon
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0 \ https://e4s-project.github.io/documentation.html DD

DEPLOYMENTS COMMUNITY POLICIES CONTACT JOIN FAQ

HOME EVENTS ABOUT E4S-CL PRODUCT DOCPORTAL

DOCUMENTATION DOWNLOAD

Extreme-scale Scientific Software Stack (E4S)
version 25.05

Exascale Computing Project (ECP) Software Technologies (ST) software, Extreme-scale Scientific Software Stack (E4S) v23
includes a subset of ECP ST software products, and demonstrates the target approach for future delivery of the full ECP ST
software stack. Also available are a number of ECP ST software products that support a Spack package, but are not yet fully
interoperable. As the primary purpose of the v23.05 is demonstrating the ST software stack release approach, not all ECP ST

software products were targeted for this release. Software products were targeted primarily based on existing Spack package
maturity, location within the scientific software stack, and ECP SDK developer experience with the software. Each release will

include additional software products, with the ultimate goal of including all ECP ST software products.

E4S Deployment C board.

elease Notes PDF.

E4S v23.05 Spack Environment Notes.
1S Manual Installation Instructions.

ontainer Installation Instruc

rom SCre

Recipes for building E4S images

Prebuilt binaries used in E4S images are stored in the E4S Build Cache.




E4S 23.05 full featured container release on Dockerhub

eoe [ - < 0| @® -//hub.docker. \daftag:

e ™

@ dockerhub | Q Search Docker Hub Explore

Explore ecpeds/e4ds-cuda

ecpe4ds/ed4s-cuda «

By ecpe4s « Updated 11 hours ago

Repositories

Organizations Help ~ ﬁ)\ exascaleproject ~

+

Manage Repository

3 Pulls 769

The Extreme-scale Scientific Software Stack (E4S). Please see https://e4s.io.

Image
Overview Tags
Sort by Newest - Filter Tags Q
TAG
latest

Last pushed 12 hours ago by esw123

DIGEST 0S/ARCH SCANNED
b6669ad1d694 linux/amdé4 -
dc802e90e1a8 linux/arm64/v8 -
2aa237bf4a04 linux/ppc64le -

TAG

23.05-cuda90
Last pushed 11 hours ago by esw123

DIGEST 0S/ARCH SCANNED
0c63e404042c linux/amdé4 -

o

COMPUTING
PROJECT

=l

docker pull ecped4s/ed4s-cuda:latest rﬁ

LAST PULL COMPRESSED SIZE ©
12 hours ago 31.05GB
— 27.68 GB
5 hours ago 23.75GB

docker pull ecpe4s/e4s-cuda:23.05.. B

LAST PULL COMPRESSED SIZE ©
- 30.48 GB

=\ - docker pull ecpeds/eds-cuda:23.05
g\)P p p

oo
oo

Architectures:

- x86 64
 aarcht4

* ppc6dle
Software:

« CUDA12.0

e NVHPC 23.3

« oneAPI 2023.1




E4S 23.05 base container release on DockerHub
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Explore ecpeds/e4s-base-cuda

© | @ hitps://hub.docker.

ecpe4s/eds-base-cuda

By ecpe4s « Updated 5 hours ago

Explore Repositories Organizations

Extreme-scale Scientific Software Stack (E4S) [https://e4s.io] Ubuntu 20.04 image with CUDA.

Image

Overview Tags

Sort by Newest  ~ Filter Tags Q

latest

Last pushed 5 hours ago by esw123

DIGEST
5ebe7f77a321
68b8a131065a
9e19967783fa

23.05
Last pushed 5 hours ago by esw123

DIGEST
5ebe7f77a321
68b8a131065a
9e19967783fa

o

_
ECP ==

0S/ARCH
linux/amd64
linux/arm64/v8

linux/ppc64le

0S/ARCH
linux/amd64
linux/armé64/v8

linux/ppc64le

SCANNED

SCANNED

LAST PULL

LAST PULL

docker pull ecpe4s/eds-base-cuda

@)\ exascaleproject ~

Manage Repository

¥ Pulls 165

docker pull ecpe4ds/e4s-base-cuda:.. rﬁ

COMPRESSED SIZE ®
18.7 GB

15.7 GB

14.37 GB

docker pull ecpeds/e4s-base-cuda:.. rﬁ

COMPRESSED SIZE ®
18.7 GB

15.7 GB

14.37 GB

Architectures:

« x86 64
 aarcht4

* ppc6dle
Software:

« CUDA12.0

e NVHPC 23.3

« oneAPI 2023.1




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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23.05 Release: 100+ Official Products + dependencies (gcc, x86 64)

1: adios2

2: alquimia

3: aml

4: amrex

5: arborx

6: archer

7: argobots

8: axom

9: bolt

10: bricks

11: butterflypack
12: cabana

13: caliper

14: chai

15: charliecloud
16: conduit

17: darshan-runtime
18: datatransferkit
19: dyninst

20: ecp-data-vis-sdk
21: exaworks

22: faodel

23: flecsi

24: flit

25: flux-sched

26: fortrilinos
27: gasnet

28: ginkgo

29: globalarrays
30: gotcha
31: gptune
32: hb5bench
33: hdfb
34: hdf5-vol-async
35: heffte
36: hpctoolkit
37: hpx

ECP

PROJECT
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.0/alquimia-1.0.10-gbabayv4pséilmhShc7krkoa4h3ksbvz
.0/aml-0.2.0-goqtywxxw2lwcizngkc44paexlucn33yv
.0/amrex-23.05-2syxxbx3xwppc4ut7mbrmleviyctysbep
.0/arborx-1.3-cvlmzk4kzetidsscc4ndsoprdyvesp3l
.0/archer-2.0.0-v15rv2ygrh4znug7rdkéjhhét4snemk51
.0/argobots-1.1-fé6bbwas4pd7d2u2fwvpxdoqffdbate2o
.0/axom-0.7.0-epaxouqc4ul2kppggnhtvnjléfr3goik

GPU runtimes

.0/bolt-2.0-zb4pgmgyozhf3ofvhdo26gpj2hibbc2t .
.0/bricks-r@.1-ymuymnesnwfwytzckstwlémacypbkkk?2 AMD (F(C)(:n1)
.0/butterflypack-2.2.2-kzdbd4fzvgfjn575hojafxlen2gzwx2n * 5.4.3
.0/cabana-0.5.0-hit7qxj2pwnvgmd5kkaeglbnvqsdgf7n . NVIDIA ((:LJ[)/\)
.0/caliper-2.9.0-cthblsk6ogn43qgnufgbxczjvcrawqzab . 12.0
.0/chai-2022.03.0-6gi2vpoxdvy25satécdubunutp24i5sk .
.0/charliecloud-0.32-bmfméchwp4gémgnhijgcrh356gusbrzes « NVHPC
.0/conduit-0.8.7-mfdfacktéxugmyfgdwtiwszivxtrwho2 N 233
.0/darshan-runtime-3.4.2-nfblomjgéejmigmmhu3duxév7iojxnpf )
.0/datatransferkit-3.1-rc3-enk32naiegjk42bex5mvuk3y3mefdefé * Intel oneAPI
.0/dyninst-12.3.0-k3myl3szf7v3e2jcqoqwwglwyigssbsbbo . 2023 .1

.0/ecp-data-vis—sdk-1.0-s4ya3ugeb2ecyextvb42yprvbzy512qk
.0/exaworks-0.1.0-1xqwv3cswobpglbycqcacwatuhfé6iln2
.0/faodel-1.2108.1-gxc7méajdyb2jupcvx5qrvppe4jlcqté
.0/flecsi-2.1.0-mfszzzew3vlkejgw43xuakoftuxrgnhm
.0/flit-2.1.0-3ptdgvs2205ng3euhséecibnhag4jctb
.0/flux-sched-0.27.0-sngo4rzjtvrmjkdvlkcixuw4vytsypie
.0/fortrilinos-2.2.0-d1xz63fh2tljmw2rjes5srgfgdbxé4adv
.0/gasnet-2023.3.0-aufps4j5ilwaosagcfyhwe4anrvéuknz
.0/ginkgo-1.5.0-4gshépioh6gab3d67j7wtfk5gbfz71nb
.0/globalarrays—5.8.2-nzag4ztsjddmé7gdurpwtirprgb3rkgz
.0/gotcha-1.0.4-3rwcégsb6qxsit3vswvziéicvée71is57wi
.0/gptune-4.0.0-dyxc7tkwnenjgl2edjqghvyg7eld643xx
.0/h5bench-1.3-340dudjnlnjbfx17a44e32gwmuoebwné
.0/hdf5-1.14.1-2-2naucnnhfn571xmb3dcfls42m4hwdkeg
.0/hdf5-vol-async-1.5-nwt250uh2i5vtwvwsaijpnklgowag7ku
.0/heffte-2.3.0-rib30742d45ng7ukqg4qq4vh3lstbdecce
.0/hpctoolkit-2023.03.01-sbctldelht4ntvzahpdé6q5rj23fs25ar
.0/hpx-1.9.0-374gqtjzms7pbea3xsuahpagrq2ogwvy




23 05 Release: 100+ Official Products + dependencies (gcc,

hypre /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/hypre—2.28.0-mozopbseodwvy7r7xklin7jnsuh5s7yi
39: kokkos /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/kokkos—4.0.01-tgvbirdj4skczexéc2rvfty274vwuyk?
40: kokkos—kernels /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/kokkos-kernels-3.7.00-2whrnbzjyni4s2dytgehkubhke2zgaj5u
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43: 1legion /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/1legion-23.03.0—-ksbh4tvggoésfcfjiicnszyr5appehgxn
44: libnrm /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/1ibnrm-0.1.0-h5ggd2cgai4s3porp2s2berqrsnki2jéc
45: 1libpressio /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/1libpressio-0.95.1-h54uerfc7gttwaokywascwntylrnklen
46: 1libquo /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/1libquo-1.3.1-e6ulmggbtpfcjjypvdqrbpkb4brzkgpf
47: loki /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/1loki-0.1.7-a4etdis5t2fbweddhjur5t5p56tiu2ca
48: magma /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/magma-2.7.1-dapbrjq25hsqg2cztteuusgkismcpnbu
49: mercury /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mercury-2.2.0-iap2sil3mobgbaljjvg3svtnxh2sglof
50: metall /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/metall-0.25-2xicépnhpbolhaknalu2gpjnw4bkvemi
51: mfem /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mfem—4.5.2-2f3kkx620gbvébwésdcybkawubvecyg2n
52: mgard /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mgard-2023-03-31-4magkpén3e2xshtu2y3tnve5ch7jdb43
53: mpark-variant /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mpark-variant-1.4.0-6f25xadnfdzmpweuitsyvpl3skatntsas
54: mpich /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mpich-4.1.1-4cbi7ghusseuuhébcsé6lokwgwh6s3itl
55: mpifileutils /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/mpifileutils-0.11.1-tuy2ycdld67kuv3ppp3diqy4o02bmvhok
56: nccmp /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/nccmp-1.9.0.1-gmoiwfcpcnknojwspffuvgrw3n3mphzb
57: nco /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/nco-5.1.5-wwe7fmé6df3zhcédéqckvbecyxos5dgawpf
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61: openfoam /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/openfoam-2206—-zftmé6f5Smhvnhxben2nzeqantgg41115d
62: openmpi /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/openmpi-4.1.5-ed5u3cdcbksédcve6é6ftb336v5uhwjsby
63: openpmd-api /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/openpmd—-api-0.15.1-uzamcamznyauzeem57j72gx2ascjpmju
64: papi /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/papi-6.0.0.1-j7dmzprtcei2ifgjykb7rmkbf3gydfk7
65: papyrus /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/papyrus-1.0.2-kuro7vtc7khéfot5xmah6awfwgischm2
66: parallel-netcdf /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/parallel-netcdf-1.12.3-mldyjplnyhw7qiljd327wda7exvpcvtf
67: paraview /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/paraview-5.11.1-x4aqrojé67nfq7gpk7w3pwlxhpfhjyrno
68: parsec /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/parsec-3.0.2209-wvchc4psqgj3uotxff24xyc24xqwprzdg
69: pdt /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/pdt-3.25.1-1x67nrs24pkbnmnj7am3t75swtowtfch
70: petsc /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/petsc-3.19.1-bonrfxf3arijwtulzcck4xqyd3ceik63
71: phist /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/phist-1.11.2-qz36ubcuvuupj3gjbv7hmmaésdbrzdljv
72: plasma /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/plasma—-22.9.29-2qwd115vjs74mymdiugdhd32iiibm2v3
73: plumed /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/plumed-2.8.2-095243vtzgcléexbézookbxggaeofkzxh
74: precice /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/precice-2.5.0-b7eniikgkee5veujb5xnuukfnz7wiwm2
75: pumi /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/pumi-2.2.7-57q5bidz4mz11dkfpwaovebwghvxgps3
76: py-cinemasci /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/py—-cinemasci-1.3-5tnt5kqnzrin5j5dmseégdq77mteiiyz
77: py-jupyterhub /spack/opt/spack/linux—ubuntu20.04-x86_64/gcc-11.1.0/py—jupyterhub-1.4.1-awj3cwfv2d3irsm24dmr37gbhd5xniju
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raja

rempi
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stc
strumpack
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turbine
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.0/zfp-1.0.0-ibmowr23apboprdgjrrp4eyblmibwd2w

.0/py-libensemble-0.9.3-3d3tb25g2s3pa7uqscw7wlpz5rgmapab Languages:
.0/py-parsl-1.2.0-f7tbg4nmfecdu3dnh5fwszyddwj77zis5 . Julia with Support for MPI, and
.0/py-radical-saga-1.20.0-wffrzdrcdd4cpst42gtqonbjni7m5pqge (:LJ[)/\
.0/qthreads-1.16-r4ai6é2sxg30s22n2xfntik7xbcvijgst
.0/quantum-espresso-7.1-2hw2nzkjwtc4xi3hopd2oesn2ikmch5e o Python

.0/raja-2022.10.4-fffdno3g4cswmb6f2d5rbrehnjgv3ytwa
.0/rempi-1.1.0-bsppojvqgciesbf7re6udé6f75dwobwnuy
.0/scr-3.0.1-4twvdurdxeiv3ipees4y3nké4pmvtrbl
.0/slate-2022.07.00-5xkozséeabgn45t7uttghekbuslanbwk
.0/slepc-3.19.0-vqy6iy24cbwkpfdsejjgql2bx32vjfbq

Al products with GPU support
* Tensorflow

.0/stc-0.9.0-ocmzafclcérsl2dop3poqibnlyyk7vs?2 . Pytorch
.0/strumpack-7.1.1-7feghsapq3qe7stmbfodzcytm7tm441t
.0/sundials-6.5.1-f23kbyw7bsam3cpka2mshks36d236yr3
.0/superlu-dist-8.1.2-ibmrgavx57kcy3fc7wdbcneuhkéaxgxv EDA Tools:
.0/swig-4.1.1-cm45hung4nk7x4ml756gurbwlakaidha . Xyce

3D Visualization
 Paraview

Vislt

TAU’s paraprof ...

E4S 23.05 adds support for NVIDIA A100 (sm80), V100 (sm70), and H100 (sm90) GPUs
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E4S 23.05 Intel oneAPI 2023.1: Packages built with Intel compilers

Singularity> spack-find -X
—— linux-ubuntu20.04-x86_64 / gcc®11.1.0
|papi6.0.0.1

— linux-ubuntu20.04-x86_64 / oneapi(®2023.1.0

adios(®1.13.1 cabana(®0.5.0 gmp6.2.1 legion(®23.03.9 netlib-scalapack(®2.2.0 py-libensemble0.9.3 sz30@3.1.7
aml(0.2.0 cabana®@0.5.0 gotcha(®1.0.4 libnrm@@.1.0 omega—-h(©9.34.13 py-petsc4py(@3.19.1 tasmanian(7.9
aml(e.2.9 caliper®2.9.9 h5bench®1.3 libquo®1.3.1 openmpi®4.1.5 gthreads(1.16 tau@2.32
amrex(©22.12 chai@2022.03.9 hdf5-vol-async@®l.5 libunwind®1.6.2 openpmd-api®0.15.1 guantum-espresso(7.1 tau@2.32
amrex(©23.05 charliecloud®9.32 hdf5-vol-log®l.4.0 loki@@.1.7 papyrus®@1.0.2 raja@2022.10.4 trilinos®13.0.1
arborx(@1.3 conduit®0.8.7 heffte®2.3.0 mercury(2.2.0 parsec(®3.0.2209 rempi@1.1.0 turbine®1.3.0
arborx(®1.3 datatransferkit®3.1-rc3 hpx(21.9.0 metall®0.25 pdt@3.25.1 slate(®2022.07.00 umap®2.1.0
archer(®2.0.0 exaworks(9.1.0 hypre®2.28.0 mfem@4.5.2 petsc(®3.19.1 slepc(®3.19.0 umpire®2022.03.1
argobots@®l.1 flecsi®2.2.0 kokkos(®4.0.01 mgard®@2023-03-31 phist®1.11.2 stc(0.9.90 variorum@0.6.0
axom(0.7.0 flit2.1.0 kokkos(®4.0.01 mpark-variant®l.4.0 plasma@22.9.29 strumpack®7.1.1 wannier9003.1.0
bolt(2.0 flux—core0.49.0 kokkos—kernels®3.7.00 mpich®4.1.1 plumed®2.8.2 sundials(6.5.1

boost(?1.82.0 fortrilinos(®2.2.0 kokkos-kernels®3.7.00 mpifileutils(®0.11.1 precice®2.5.0 superlu®5.3.0

bricks®ro.1 gasnet(®2023.3.0 lammps(©20220623.3 nccmp®l.9.0.1 pumi@2.2.7 superlu-dist(®8.1.2
butterflypack®2.2.2 globalarrays(®5.8.2 1bann(0.102 nco®5.1.5 py—-h5py@©3.7.0 swig@P4.0.2-fortran

Use of Intel oneAPI BaseKit and HPCToolkit is subject to acceptance of Intel EULA by the user
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E4S 23.05 Intel oneAPI| 2023.1: Packages built with Intel compilers

Singularity> module avail

advisor/latest
advisor/2023.1.0
ccl/latest
ccl/2021.9.0
clck/latest
clck/2021.7.3
compiler-rt/latest
compiler-rt/2023.1.0
compiler-rt32/latest
compiler-rt32/2023.1.0 (D)
compiler/latest
compiler/2023.1.0

(D)
(D)
(D)
(D)

(D)

compiler32/latest
compiler32/2023.1.0
dal/latest
dal/2023.1.0
debugger/latest
debugger/2023.1.0
dev-utilities/latest
dev-utilities/2021.9.0 (D)
dnnl-cpu—-gomp/latest
dnnl-cpu-gomp/2023.1.0 (D)
dnnl-cpu-iomp/latest
dnnl-cpu-iomp/2023.1.0 (D)

(D)
(D)
(D)

adios/1.13.1
amrex/22.12-sycl
amrex/23.05
arborx/1.3-sycl
arborx/1.3
axom/@.7.0—openmp
boost/1.82.0
bricks/r0.1
butterflypack/2.2.2-openmp
cabana/0.5.0-sycl
cabana/0.5.0
caliper/2.9.0
conduit/0.8.7

(D)
(D)

(D)

datatransferkit/3.1-rc3
exaworks/0.1.0
flecsi/2.2.0
fortrilinos/2.2.0
globalarrays/5.8.2
h5bench/1.3
hdf5-vol-async/1.5
hdf5-vol-log/1.4.0
heffte/2.3.0

hpx/1.9.0

hypre/2.28.0
lammps/20220623.3-openmp
lbann/0.102

aml/0.2.0-level-zero
aml/0.2.0
archer/2.0.0
argobots/1.1
bolt/2.0
chai/2022.03.0
charliecloud/0.32

(D)

flit/2.1.90

flux-core/0.49.0
gasnet/2023.3.0

gmp/6.2.1

gotcha/1.0.4
kokkos—kernels/3.7.00-openmp
kokkos—-kernels/3.7.00-sycl

(D)

/opt/intel/oneapi/modulefiles

dnnl-cpu-tbb/latest
dnnl-cpu-tbb/2023.1.0 (D)
dnnl/latest
dnnl/2023.1.0
dpl/latest
dpl/2022.1.0
icc/latest
icc/2023.1.0
icc32/latest
icc32/2023.1.0
init_opencl/latest
init_opencl/2023.1.0

(D)
(D)
(D)
(D)
(D)

/spack/share/spack/1mod/linux—ubuntu20.04-x86_64/mpich/4.1.1/Core

libnrm/0.1.0
libquo/1.3.1
mercury/2.2.0
metall/0.25
mfem/4.5.2
mpifileutils/@0.11.1
nccmp/1.9.0.1
nco/5.1.5
netlib-scalapack/2.2.0
omega-h/9.34.13
openpmd-api/@.15.1
papyrus/1.0.2
parsec/3.0.2209

/spack/share/spack/1mod/linux—ubuntu20@.04-x86_64/Core

kokkos/4.0.01-openmp

kokkos/4.0.01-sycl-openmp (D)

legion/23.03.0
libunwind/1.6.2
loki/@.1.7

mgard/2023-03-31-openmp

mpark-variant/1.4.0

inspector/latest
inspector/2023.1.0
intel_ipp_intel64/latest
intel_ipp_intel64/2021.8.0
intel_ippcp_intel64/latest

intel_ippcp_intel64/2021.7.0 (D)

itac/latest
itac/2021.9.0
mkl/latest
mk1l/2023.1.0
mkl32/latest
mk132/2023.1.0

(D)
(D)

(D)

mpi/latest
mpi/2021.9.0
oclfpga/latest
oclfpga/2023.1.0 (D)
tbb/latest
tbb/2021.9.0
vtune/latest
vtune/2023.1.0

(D)

(D)
(D)

(D)
(D)

petsc/3.19.1
phist/1.11.2-openmp
plumed/2.8.2
precice/2.5.0
pumi/2.2.7
py-h5py/3.7.0
py-libensemble/0.9.3
py-petscé4py/3.19.1
guantum-espresso/7.1-openmp
rempi/1.1.0
slate/2022.07.00-openmp
slepc/3.19.0

stc/0.9.0

strumpack/7.1.1-openmp
sundials/6.5.1
superlu-dist/8.1.2
tasmanian/7.9
tau/2.32-level-zero (L)
tau/2.32 (D)
trilinos/13.0.1
turbine/1.3.0
wannier90/3.1.90

mpich/4.1.1
openmpi/4.1.5
papi/6.0.0.1
pdt/3.25.1
plasma/22.9.29
gthreads/1.16
raja/2022.10.4—openmp

(L)

Use of Intel oneAPI BaseKit and HPCToolkit is subject to acceptance of Intel EULA by the user
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superlu/5.3.0
swig/4.0.2-fortran
sz3/3.1.7
umap/2.1.0
umpire/2022.03.1
variorum/0.6.0




E4S Support for ROCm variants for MI250X (gfx90a) on x86 64

Singularity> spack find -x
—— linux-ubuntu20.04-x86_64 / gcc@®11.1.0

adios(1.13.1 chai@2022.03.0 gptune®4.0.0 libcatalyst(?2.0.0-rc3  openpmd-api(0.15.1 py-warpx(®23.03 tasmanian(7.9
adios2(2.9.90 charliecloud(0.32 h5bench1.3 libnrm@0.1.0 papi6.0.0.1 gthreads(1.16 tasmanian(®7.9
alquimia®1.0.10 conduit0.8.7 hdf501.12.2 libpressio®9.95.1 papyrus(®1.0.2 guantum-espresso(®7.1 tau@2.32
aml(0.2.0 darshan-runtime(@3.4.2 hdf501.14.1-2 libquo®1.3.1 parallel-netcdf(®1.12.3 raja®2022.10.4 tau®2.32
amrex(®23.05 darshan-util3.4.2 hdf5-vol-async(l.5 libunwind(1.6.2 paraview(5.11.1 raja®2022.10.4 trilinos(®13.0.1
amrex(®©23.05 datatransferkit®3.1-rc3 hdfb5-vol-cache@®vl.1l loki®0.1.7 paraview(5.11.1 rempil.1.0 trilinos(14.0.0
arborx(@1.3 dyninst(@12.3.0 hdf5-vol-log®1.4.0 magma(®2.7.1 parsec(®3.0.2209 scr3.0.1 turbine(1.3.0
arborx@®@1.3 ecp-data-vis-sdk@®1.0 hdf5-vol-log(l.4.0 mercury(®2.2.0 pdt3.25.1 slate(®2022.07.00 umap®2.1.9
archer(®2.0.0 ecp-data-vis—-sdk(@1.0 heffte®2.3.0 metall(o.25 petsc(®3.19.1 slate(02022.07.00 umpire(®2022.03.
argobots®1.1 exaworks(®0.1.0 heffte®2.3.0 mfem@®4.5.2 petsc(®3.19.1 slepc®3.19.0 umpire(2022.03.
ascent(0.9.1 faodel(®1.2108.1 hpctoolkit(2023.03.01 mfemP4.5.2 phist®1.11.2 slepc®3.19.0 unifyfs@l1.0.1
axom(®0.7.0 flecsi2.1.0 hpctoolkit(2023.03.01 mgard(2023-03-31 plasma®22.9.29 stc0.9.0 upcxx(©2023.3.0
bolt(®2.0 flite2.1.0 hpx®1.9.0 mpark-variant@®l.4.0 plumed®2.8.2 strumpack®7.1.1 upcxx(©2023.3.0
boost(®1.79.0 flux—core0.49.0 hpx(?1.9.0 mpich@4.1.1 precice(2.5.0 strumpack(®7.1.1 variorum@0.6.0
bricks®re.1 fortrilinos(2.2.0 hypre®2.28.0 mpifileutils®o.11.1 pumi®2.2.7 sundials6.5.1 veloc®1.6
butterflypack®2.2.2 gasnet(®2023.3.0 hypre®2.28.0 nccmpl.9.0.1 py-cinemasci(®1.3 sundials6.5.1 visit(3.3.3
cabana(®0.5.0 gasnet(®2023.3.0 kokkos(®4.0.01 nco®5.1.5 py-h5py(©3.7.0 superlu@®5.3.0 vtk-m@1.9.0
cabana®0.5.0 ginkgo(1.5.0 kokkos(®4.0.01 netlib-scalapack®2.2.0 py-jupyterhub®l.4.1 superlu-dist@®8.1.2 vtk-m@2.0.0
cabana®0.5.0 ginkgo(1.5.9 kokkos—kernels®3.7.00 nrm@0.1.0 py-libensemble(®0.9.3 superlu-dist(8.1.2 wannier90(3.1.0
caliper(2.9.0 globalarrays®5.8.2 lammps(©20220623.3 omega-h(9.34.13 py—-petsc4py(®3.19.1 swigP4.0.2-fortran xyce®7.6.0
caliper(®2.9.0 gmp®6.2.1 lbann(@.102 openfoam®2206 py-warpx(©23.03 sz(©02.1.12.2 zfpo.5.5
chai®2022.03.0 gotcha(l1.0.4 legion(®23.03.0 openmpi4.1.5 py-warpx(23.03 sz303.1.7

==> 153 installed packages

E4S 23.05 supports AMD MI100 (gfx908) as well as MI250X (gfx90a) GPUs
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E4S Support for ROCm variants for MI250X (gfx90a) on x86 64

Singularity> module avail

adios/1.13.1
adios2/2.9.0
alquimia/1.0.10
amrex/23.05-gfx908

amrex/23.05 (D)
arborx/1.3-gfx908
arborx/1.3 (D)

ascent/0.9.1-openmp
axom/@.7.0-openmp
boost/1.79.0

bricks/re.1
butterflypack/2.2.2-openmp
cabana/0.5.0-rocm-gfx90a
cabana/0.5.0-rocm-gfx908

cabana/0.5.0 (D)
caliper/2.9.0-gfx908
caliper/2.9.9 (D)

conduit/0.8.7
darshan-runtime/3.4.2
datatransferkit/3.1-rc3
dyninst/12.3.0-openmp
ecp—data-vis-sdk/1.0-gfx908
ecp-data-vis-sdk/1.0 (D)

ginkgo/1.5.0-openmp (D)
globalarrays/5.8.2
gptune/4.0.0

h5bench/1.3
hdf5-vol-async/1.5
hdf5-vol-cache/v1.1
hdf5-vol-log/1.4.0

hdf5/1.12.2

hdf5/1.14.1-2 (D)
heffte/2.3.0-gfx908
heffte/2.3.0 (D)
hpctoolkit/2023.03.01-rocm
hpctoolkit/2023.03.01 (D)
hpx/1.9.8-gfx908

hpx/1.9.0 (D)
hypre/2.28.0-gfx908
hypre/2.28.0 (D)

lammps/20220623.3-openmp
lbann/0.102
libcatalyst/2.0.0-rc3
libnrm/0.1.0
libpressio/0.95.1-openmp
libquo/1.3.1

/spack/share/spack/1mod/linux-ubuntu20.04-x86_64/mpich/4.1.1/Core

nccmp/1.9.0.1
nco/5.1.5
netlib-scalapack/2.2.0
omega-h/9.34.13
openfoam/2206
openpmd-api/0.15.1
papyrus/1.0.2
parallel-netcdf/1.12.3
paraview/5.11.1-gfx908
paraview/5.11.1 (D)
parsec/3.0.2209
petsc/3.19.1-gfx908
petsc/3.19.1 (D)
phist/1.11.2-openmp
plumed/2.8.2
precice/2.5.9
pumi/2.2.7
py-cinemasci/1.3
py—-h5py/3.7.0
py-libensemble/0.9.3
py-petsc4py/3.19.1
py-warpx/23.03-dims2
py-warpx/23.03-dims3

slate/2022.07.00—openmp
slepc/3.19.0-gfx908
slepc/3.19.0

stc/0.9.0
strumpack/7.1.1-gfx908-openmp
strumpack/7.1.1-openmp
sundials/6.5.1-gfx908
sundials/6.5.1
superlu-dist/8.1.2-gfx908
superlu-dist/8.1.2
sz/2.1.12.2
tasmanian/7.9-gfx908
tasmanian/7.9
tau/2.32-rocm

tau/2.32
trilinos/13.0.1
trilinos/14.0.0-gfx908
turbine/1.3.0
unifyfs/1.0.1
upcxx/2023.3.0-gfx908
upcxx/2023.3.0
veloc/1.6

visit/3.3.3

(D)
(D)

(D)
(D)
(D)
(D)
(L)
(D)

(D)

(D)

exaworks/0.1.0 mercury/2.2.0 py-warpx/23.03-dimsRZ (D) vtk-m/1.9.0-openmp

faodel/1.2108.1 metall/0.25 quantum-espresso/7.1-openmp vtk-m/2.0.0-gfx908 (D)

flecsi/2.1.0 mfem/4.5.2-gfx908 rempi/1.1.0 wannier90/3.1.0

fortrilinos/2.2.0 mfem/4.5.2 (D) scr/3.0.1 xyce/7.6.0

ginkgo/1.5.0-gfx908-openmp mpifileutils/0.11.1 slate/2022.07.00-gfx908—-openmp
/spack/share/spack/1lmod/linux—ubuntu20.04-x86_64/Core

aml/0.2.0 flux-core/0.49.0 libunwind/1.6.2 (L) pdt/3.25.1 (L) umap/2.1.0

archer/2.0.0 gasnet/2023.3.0-gfx908 loki/0.1.7 plasma/22.9.29 umpire/2022.03.1-gfx908

argobots/1.1 gasnet/2023.3.90 (D) magma/2.7.1-gfx908 py-jupyterhub/1.4.1 umpire/2022.03.1 (D)

bolt/2.90 gmp/6.2.1 mgard/2023-03-31-openmp gthreads/1.16 variorum/0.6.90

chai/2022.03.0-gfx908 gotcha/1.0.4 mpark-variant/1.4.0 raja/2022.10.4-gfx908 zfp/0.5.5

chai/2022.03.0 (D) kokkos—kernels/3.7.00-openmp mpich/4.1.1 (L) raja/2022.10.4—openmp (D)

charliecloud/0.32 kokkos/4.0.01-gfx908 nrm/0.1.0 superlu/5.3.0

darshan-util/3.4.2 kokkos/4.0.01-openmp (D) openmpi/4.1.5 swig/4.0.2-fortran

flit/2.1.0 legion/23.03.90 papi/6.0.0.1 (L) sz3/3.1.7

exmscne  E4S 23.05 supports AMD MI100 (gfx908) as well as MI250X (gfx90a) GPUs
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E4S 23.05 DOE LLVM Release: x86 64, ppc64le, and aarch64

Singularity> spack find -x
—— linux-ubuntu20.04-x86_64 / clang®16.0.2
cabana(0.5.0
chai®2022.03.0
charliecloud®0.32
flite2.1.0
flux—-core(®9.49.0
gasnet(®2023.3.0

adios(®1.13.1
aml®0.2.0
amrex(®23.05
arborx(®1.3
argobots(®l.1
bolt®2.0

—— linux-ubuntu20.04-x86_64 / gcc®11.1.0
cmake®3.26.3 1llvm-doe(®16.0.2

Singularity> spack find -x
—— linux-ubuntu20.04-ppcébsle / clang?l6.0.2
cabana(0.5.0
chai®2022.03.0
charliecloud(0.32
f1lite2.1.0
flux—core®0.49.0
gasnet(®2023.3.0

adios(®1.13.1
aml(®9.2.0
amrex(®23.05
arborx(®1.3
argobots(®l.1
bolt(2.0

—— linux-ubuntu20.04-ppcébsle / gcc®11.1.0
cmake®3.26.3 1lvm-doe®16.0.2

[Singularity> spack find -x
—— linux-ubuntu20.04-aarché4 / clang®l6.0.2
cabana(0.5.0
chai2022.03.0
charliecloud®@.32
f1ite2.1.0
flux—core(l0.49.0
gasnet(©2023.3.0

adios(®1.13.1
aml(®9.2.0
amrex(©23.05
arborx(1.3
argobots(®l.1
bolt®2.0

—— linux-ubuntu2@.04-aarché4 / gcc@®11.1.0
cmake®3.26.3 1lvm—-doe(®16.0.2

ECP
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globalarrays(®5.8.

gmp6.2.1
gotcha®1.0.4
h5bench®1.3

hdf5-vol-async(®l.
hdf5-vol-log(l.4%.

o1

heffte2.3.0
hypre®2.28.0
legion(®23.03.0
libnrm@0.1.0
libquo®1.3.1
libunwind®1.6.2

globalarrays(®5.8.

gmp6.2.1
gotcha®l.0.4
h5bench®1.3

hdf5-vol-async(l.
hdf5-vol-log(l.4%.

o

heffte®2.3.0
hypre(2.28.90
legion(®23.03.0
libnrm0.1.0
libquo@®1.3.1
libunwind®1.6.2

globalarrays(5.8.

gmp6.2.1
gotcha®1l.0.4
h5bench®1.3

hdf5-vol-async(®l.
hdf5-vol-log®1.4.

heffte®2.3.0
hypre(®2.28.0
legion(®23.03.0
libnrmt0.1.0
libquo@1.3.1
libunwind®1.6.2

mfem®4.5.2
mpark-variant@®1.4.0
mpich@s.1.1
nccmp®l.9.0.1
nco®5.1.5
papyrus®1.0.2

mfem@®4.5.2
mpark-variant@®1.4.0
mpich®4.1.1
nccmp®1.9.0.1
nco®5.1.5
papyrus@®1.0.2

mfem®4.5.2
mpark-variant@®1.4.0
mpich@4.1.1
nccmpl.9.0.1
nco®5.1.5
papyrus(®1.0.2

parsec(®3.0.
pdt3.25.1
plumed(®2.8.
pumi@2.2.7
gthreads(l.
stc0.9.90

parsec(®3.0.
pdt3.25.1
plumed(®2.8.
pumi®2.2.7
gqthreads(1.
stc0.9.0

parsec(®3.0.
pdt03.25.1
plumed(®2.8.
pumi®2.2.7
qthreads(®l.
stc0.9.0
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sundials®6.5.1
superlu®5.3.0
swig(4.0.2-fortran
tasmanian(®7.9
turbine®1.3.0
umap(®2.1.0

sundials@6.5.1
superlu®5.3.0
swig@4.0.2-fortran
tasmanian(7.9
turbine®1.3.0
umap@©2.1.0

sundials@®6.5.1
superlu®5.3.0
swig@4.0.2-fortran
tasmanian(7.9
turbine®1.3.0
umap(®2.1.0

umpire®2022.03.1
upcxx©2023.3.0

umpire®2022.03.1
upcxx©2023.3.0

umpire®2022.03.1
upcxx©2023.3.0




E4S Build Cache for Spack 0.19.1 hosted at U. Oregon

© | B8 https://oa regon.edu/e4sfinventory.html M + 88
E4S Build Cache for Spack 0.20.0 * Over 100K
binaries!
To add this mirror to your Spack: e No need to
$> spack mirror add E4S https://cache.eds.io I’ecompile from
$> spack buildcache keys -it source COde.

102,289 total packages

Last updated 2023-05-31 16:38 PST

O All Arch PPC64LE X86_64 AARCH64

O ALl OS Centos 7 Centos 8 RHEL 7 RHEL 8 Ubuntu 18.04 Ubuntu 20.04

adiak@0.1.1 adiak@0.2.1 adiak@0.2.2 adios2@2.50 adios2@2.60 adios2@2.7.0
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eds-cl: A tool to simplify the launch of MPI jobs in E4S containers

* EA4S containers support replacement of MPI libraries using MPICH ABI compatibility layer and
Wi4MPI [CEA] for OpenMPI replacement.

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

» e4s-clis a new tool that simplifies the launch and MPI replacement.

— eds-cl init --backend [singularity|shifter|docker] --image <file> --source <startup cmds.sh>

— e4s-cl mpirun -np <N> <command> | I | I i:4 E :

. .
Usage: Container Launch
eds-cl init --backend singularity --image ~/images/eds-gpu-x86.sif --source ~/source.sh

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

eds-cl mpirun -np 4 ./a.out

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




E4S: A Container Platform for High Throughput Computing

E4S singularity containers supporting NVIDIA GPUs and Intel runtimes are now available on
OSG-HTC [https://osg-htc.org]:

- /cvmfs/singularity.opensciencegrid.org/ecpeds/eds—cuda:23.05
- /cvmfs/singularity.opensciencegrid.org/ecpeds/eds—-oneapi:23.05

E4S containers include vendor runtimes (NVIDIA CUDA/NVHPC and Intel oneAPI)

E4S containers include full-featured Python with support for Al/ML tools with support for GPUs
— PyTorch 2.0.0, TensorFlow 2.12.0
— Numpy, scipy, keras, matplotlib,...
— pip3 install --user other packages in your workflow

E4S containers include 100+ HPC tools installed using the Spack package manager
E4S features base containers as well as full-featured containers and tools to customize containers

E4S containers will continue to be supported in future releases on OSG-HTC and provides a
viable platform for tool integration for high throughput computing
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Thank you to all collaborators in the ECP and broader computational science communities. The
work discussed in this presentation represents creative contributions of many people who are

passionately working toward next-generation computational science.
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