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Introduction to Spack in the ADMIRE Project
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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|| Deployment to DOE Hardware
RD&D project S/W stack HPC Facilities technology advances

Software Technology (ST)

Application Development (AD) 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
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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.' - '§- =
parallel applications . = EI
that effectively target possible, develop new when not . I'l
diverse exascale .- Sm-E-ic
architectures Guide, and complement, and == =
integrate with vendor efforts — ===EES
J
)
Develop and deliver high-quality
and robust software products




Programming
Models &
Runtimes

*Enhance and get
ready for exascale
the widely used MPI
and OpenMP
programming models
(hybrid programming
models, deep
memory copies)

*Development of
performance
portability tools (e.g.
Kokkos and Raja)

*Support alternate
models for potential
benefits and risk
mitigation: PGAS
(UPC++/GASNet)
,task-based models
(Legion, PaRSEC)

sLibraries for deep
memory hierarchy
and power
management
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ECP ST has six technical areas

CG
CGS
BICGSTAB

Development
Tools

» Continued,
multifaceted
capabilities in
portable, open-
source LLVM
compiler
ecosystem to
support expected
ECP

architectures,
including support
for F18
Performance
analysis tools that
accommodate

new
architectures,
programming
models, e.g.,
PAPI, Tau

Math Libraries

Linear algebra,
iterative linear
solvers, direct linear
solvers, integrators
and nonlinear
solvers,
optimization, FFTs,
etc

*Performance on
new node
architectures;
extreme strong
scalability

*Advanced
algorithms for multi-
physics, multiscale
simulation and
outer-loop analysis

*Increasing quality,
interoperability,
complementarity of
math libraries

Data and
Visualization

* 1/O via the HDF5
API

* Insightful,
memory-efficient
in-situ
visualization and
analysis — Data
reduction via
scientific data
compression
Checkpoint
restart

NS4

National Nuclear Security Administration

NNSA ST

Open source
NNSA Software
projects

Projects that
have both
mission role and
open science role
Major technical
areas: New
programming
abstractions,
math libraries,
data and viz
libraries

Cover most ST
technology areas
Subject to the
same planning,
reporting and
review processes

Software
Ecosystem

*Develop features in
Spack necessary to
support all ST
products in E4S,
and the AD projects
that adopt it

*Development of
Spack stacks for
reproducible turnkey
deployment of large
collections of
software

*Optimization and
interoperability of
containers on HPC
systems

*Regular E4S
releases of the ST
software stack and
SDKs with regular
integration of new
ST products




Extreme-scale
Scientific Software
Stack (E4S)
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E4S: Better quality, documentation, testing, integration, delivery, building & use
Delivering HPC software to facilities, vendors, agencies, industry, international partners in a brand-new way

DocPortal
Single portal to all E4S product info

Quality Commitment

Community policies, improvement

Portfolio testing

Especially leadership platforms

Q Curated collection = |Quarterly releases Build caches

The end of dependency hell cLTece Release 22.11 — November 10X build time improvement

€
d+-0 Turnkey stack . - 'S~ | E4S Strategy Gro
L!: A new user}e/xperience . httpS .//643 10 % US agencies, industgerinternatil(J)r?al



https://e4s.io/

E4S: Extreme-scale Scientific Software Stack

ECP =20 https://eds.io

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 and Al/ML packages (e.g., TAU, TensorFlow, PyTorch).
With E4S Spack binary build caches, E4S supports both bare-metal and containerized deployment for GPU based platforms.

* X86 64, ppcb4le (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 Dec22.pdf
E4S for commercial cloud platforms: AWS image supports multiple MPI implementations and containers with remote desktop
(DCV).

* [ntel MPI, NVHPC, MVAPICH2, MPICH, OpenMPI with Fortran, C, C++ compilers
eds-cl container launch tool allows binary distribution of applications by substituting MPI in the containerized app with the system
MPI.
Quarterly releases: E4S 22.11 released on November 14, 2022: htips://e4s.io/E4AS 22.11.pdf



https://dashboard.e4s.io/
https://e4s.io/talks/E4S_Support_Dec22.pdf
https://e4s.io/E4S_22.11.pdf

E4S: HPC Software Ecosystem — a curated software portfolio

Extreme-scale Scientific Software Stack (E4S) @ Spa ck

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
Feb 2021: E4S 21.02 - 67 full release, 4 partial release
May 2021: E4S 21.05 - 76 full release products h ttp S’ / / e 4 S. | O
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

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

Also include other products .e.qg.,
Al: PyTorch, TensorFlow (CUDA, ROCm)
Co-Design: AMReX, Cabana, MFEM

—_—
\\ EXASCALE
) COMPUTING
\ PROJECT
S



https://e4s.io/

E4S Download from https://eds.io

= U © [@ nhtpsi/essid ¢J

IZ@

HOME EVENTS ABOUT PRODUCT DOCPORTAL DEPLOYMENTS COMMUNITY POLICIES CONTACT JOIN FAQ

DOCUMENTATION DOWNLOAD

E4S Project

The Extréme-scale Scientitic Software Stack

E4S 22.11 container images now available!

See Downloads for more information on E4S 22.11.

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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E4S Download from https://eds.io

ooo +

&

® ® < L )] [‘ https://e4s-project.github.io/download.html C] (4]

IS

HOME EVENTS ABOUT PRODUCT DOCPORTAL DEPLOYMENTS COMMUNITY POLICIES CONTACT JOIN FAQ

DOCUMENTATION DOWNLOAD

Acquiring E4S Containers

The current E4S container offerings include Docker images based on Red Hat Enterprise Linux 7, Red Hat Enterprise Linux 8,
Ubuntu 18.04 (Bionic), and Ubuntu 20.04 (Focal Fossa) for Continuous Integration. Our images can run on X86_64, PPC64LE, and
AARCH®64 depending on the particular image. Our full E4S Release images (not for Continuous Integration) are based on Ubuntu
20.04 (x86_64, aarch64, ppc64le). 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.

-‘ﬂ Container Releases </> From source with Spack
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Download E4S 22.11 GPU Contalner Images NVIDIA AMD, Intel

0 ©O |8 https:/eds-project.github.io/download.html

Docker images are available on the

L Container Releases </> From source with Spack
T [——

Spack contains packages for all of the products listed in
the E4S 22.11 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

PROJECT

E\(’E\\)F’ SRS https://eds.io

ul +

* Separate full featured
Singularity images for 3 GPU
architectures

* GPU full featured images for
— x86_64 (Intel, AMD, NVIDIA)
— ppc64le (NVIDIA)
— aarch64 (NVIDIA) NEW!

* Full featured images available
on Dockerhub

* 100+ products on 3
architectures
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Download E4S 22.11 GPU Container Images: NVIDIA, AMD, Intel

0@ <|° M v ,_U,, 7!)7 [ https://e4s-project.github.io/download.html C] (4] B 85 |4

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:22.11
# docker pull ecpeds/ed4s—-rocm:22.11

# docker pull ecpeds/ed4s—oneapi:22.11

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) Intel OneAPI (x86_64)
ecpeds/eds-rocm:22.11 g docker ecpeds/eds-cuda:22.11 @Fdocker ecpeds/eds-oneapi:22.11 g docker
eds-rocm-22.11 sif (§) mirror 1 e4s-cuda-x86_64-22.11.sif (§) mirror 1 e4s-oneapi-22.11.sif (§) mirror 1

eds-cuda-ppc64le-22.11.sif fs) mirror 1

eds-cuda-aarch64-22.11 sif fs) mirror 1

PROJECT

E\(’E\\)F’ https://eds.io
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E4S 22.11 Base images and Minimal Spack images with MPI

EN https://e4s-project.github.io/download.html

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)

ecpeds/eds-base-rocm:22.17 g docker

e4s-base-rocm-22.11.sif (§) mirror 1

—_—
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NVIDIA Multi-Arch (X86_64, PPC64LE, AARCH64)

ecpeds/eds-base-cuda:22.11 g docker
eds-base-cuda-x86_64-22.11.sif {§) mirror 1
eds-base-cuda-aarch64-22.11 sif fs> mirror 1

eds-base-cuda-ppc64le-22.11. sif fs) mirror 1

Minimal Spack

This image contains a minimal setup for using Spack 0.18.0 w/ GNU compilers

X86_64, PPC64LE, AARCH64
ecpe4ds/ubuntu20.04 g docker
ecpeds-ubuntu20.04-x86_64-22.11 .sif fs) mirror 1
ecpeds-ubuntu20.04-ppc64le-22.11 sif fs) mirror 1
ecpeds-ubuntu20.04-aarch64-22.11.sif fs) mirror 1

https://eds.io

Intel OneAPI (X86_64)

ecpeds/eds-base-oneapi:22.11 g docker

e4s-base-oneapi-22.11.sif fs) mirror 1

14




Minimal Spack base image on Dockerhub

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

W@ dockerhub [ Q Search for great content (e.g., Explore  Repositories  Organizations  Help ~ @ exascaleproject v

Explore  ecpeds/ubuntu18.04-spack

ecpeds/ubuntu18.04-spack « ) Creat.e cu_stom
By ecped4s « Updated a month ago Contalner Images
« 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

0.171 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

—_—
\\ EXASCALE
) COMPUTING
\ PROJECT
e




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

1: adios2

2: alquimia

3: aml

4:  amrex

5: arborx

6: archer

7: argobots

8: ascent

9: axom

10: bolt

11: bricks

12: butterflypack
13: cabana

14: caliper

15: chai

16: charliecloud
17: conduit

18: darshan-runtime
19: datatransferkit
20: dyninst

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

23: faodel

24: flecsi

25: flit

26: flux-sched
27: fortrilinos
28: gasnet

29: ginkgo

30: globalarrays
31: gotcha

32: gptune

33: hbbench

34: hdfbs

35: heffte

36: hpctoolkit
37: hpx

38: hypre

39: kokkos

40: kokkos—kernels
41: lammps

42: legion

43:  libnrm

44: libpressio
45: 1libquo

46: magma

47: mercury

48: metall

49: mfem

50: mpark-variant
51: mpich

ECP
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/spack/opt/spack/linux—ubuntu20.
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1.0/adios2-2.8.3-3ajbsxge3eubpxmyaeouldzdkwvhqdfék
1.0/alquimia-1.0.10-qdyaiflléq7muqéfviyfxkjnun5zagns
1.0/aml-0.2.0-kj2y4vne6ffors25wpggmtvfgyubkvtk
1.0/amrex—22.11-w34ivhpukaxviuboakvgggbswf2rlfuio
1.0/arborx-1.3-ugykp4hyl4bx7hreg4éyxqskoc2ldtnth
1.0/archer-2.0.0-ikmxk25q3eq3euq4gqs5frézybsfdsa2
1.0/argobots-1.1-fébéwas4pd7d2u2fwvpxdogffdbate2o
1.0/ascent-0.8.0-drnzjcefdaozbbptrjvxum47gmcpgx2t
1.0/axom-0.7.0-c3gkccvhjxhpktsggi2ur2s3g54uobiy
1.0/bolt-2.0-4t2fedw3xwcmsypowb3c34zzeglebe26
1.0/bricks-r@.1-ufelxtoylwegofcq2vme7snpoqfif2bd
1.0/butterflypack-2.2.2-dsjéepc3jsé6oseemndmhuzktysflsésy
1.0/cabana-0.5.0-6ti6ogglfqu2igvgéezowust3ehw77xf
1.0/caliper-2.8.0-aweu5lgptfd5usw527hgxmpogun55u6j
1.0/chai-2022.03.0-7na7b7nflé6ssypwkxzbyubmfrsy7fzp4
1.0/charliecloud-0.29-hf25gel3q50vgnhejzztrupy4dh2svbo
1.0/conduit-0.8.4-hfqgqsozzéeusb6zcqfwtgijm2hkwrlrtyk
1.0/darshan-runtime-3.4.0-yrxz4npozgkhwekvngjgoni3espodisf
1.0/datatransferkit-3.1-rc3-génalgnmax5b7wpxxprusnoux1m7iébm
1.0/dyninst-12.2.0-6srffb62fbga3t4rgvim22s4qkfdvbl7
1.0/ecp-data-vis—sdk-1.0-vf57baé3borcvgkbg3au2fj3rmo3robh
1.0/exaworks—0.1.0-nhzb7c7pcggbdvvt3pi3gscvm423tsal
1.0/faodel-1.2108.1-h73xh332hnyi27jb4gfsqgbhbvgmnxjl
1.0/flecsi-2.1.0-1lcwpm2aatrvroisgmlfllujtébt7kzhz
1.0/flit-2.1.0-ykzntwke3go313p2rzucvxarrgamuno3
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0/flux-sched-0.25.0-hc52tymtlr4ns27vzgmxéroazynwnata

.0/fortrilinos-2.1.0-qbx567j5rchrtjxhéuytpehcg3ilyykw
.0/gasnet-2022.9.0-ut4wfé6tncotjukmgfhndh5qdxj4tnqge
.0/ginkgo-1.4.0-kk6x7pnc3sfvqovkrbn2yxbké6s3y5uvb
.0/globalarrays—5.8-7iss2kycfbyw5lvmzmvbox7i5dt3t3kg
.0/gotcha-1.0.4-36borpibégemf3a7wuglmé67wrgh5gdzly
.0/gptune-3.0.0-snfcqpefftp5z6yyfwdkrnc3gg5a2yyi
.0/h5bench-1.3-fkoffwicyfuwtdfkxrkhilxmigfuspl2
.0/hdf5-1.12.2-mt44ijmcypqig32g3lue3dpfmv7éadtvz
.0/heffte-2.3.0-5jfsnyaonnpnjyp6p3déi3jqdvwdhpye
.0/hpctoolkit-2022.10.01-d16s6jzzzarpbr7t5evrjvjtxtqqjses
.0/hpx-1.8.1-vpsaguio7f7iwcihwmzev7hnew2dsouj
.0/hypre-2.26.0-yorxzh7r7pdm5r5js363g2kwutapoyul
.0/kokkos—-3.7.00-2sitezkcfqvacjvj5dos5vicls5zpqws
.0/kokkos-kernels-3.7.00-r1z3cuw7kg5qgspxzqetzwwzkxi3hhg4
.0/1ammps—20220623-upn4cjkfal3zx5a5zgtékéucaZgktsyno
.0/1legion-21.03.0-hxméepkjrbobpnog56ofcwtuzpyz47eo
.0/1ibnrm-0.1.0-5vfyémgkexsfemtbrwutrévidontqyhm
.0/1ibpressio—0.88.0-véeds2pj35yvxxyxoor67hc2rlqésh24
.0/1ibquo-1.3.1-7gbmmésey5z6zp6dbvb5djngbixo3duz
.0/magma-2.6.2-i7tvhgéqagmrzybnkeqwdvthufrpkvefy
.0/mercury-2.1.0-02bzwoucsvqg4yjatxzfaudjérisghbat
.0/metall-0.21-d3di35ikbrylkkbh2azk4vgccodjbxfx
.0/mfem-4.5.0-jtnygpk7ij5emhjbogkvspi4e7bxmdlé
.0/mpark-variant-1.4.0-cojotckrc4x4gymspggwupll5égposcp
.0/mpich-4.0.2-ts6t7znvbzfxyth7jxzwiryfv7sc4v2z

GPU runtimes

AMD (ROCm)

« 5.2.0

Intel (oneAPl)

« 2022.1.0
NVIDIA (CUDA)
¢ 11.4.2
NVHPC

« 22.9
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22 11 Release: 100 Official Products + dependencies (gcc, x86 64
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103: 04-x86_64/gcc-11.

mpifileutils
nccmp

nco
netlib-scalapack
nrm

omega-h
openmpi
openpmd—api
papi

papyrus
parallel-netcdf
paraview
parsec

pdt

petsc

phist

plasma

plumed
precice

pumi
py-cinemasci
py-jupyterhub
py-libensemble
py—-parsl
py-radical-saga
gthreads
quantum-espresso
raja

scr

slate

slepc

stc

strumpack
sundials
superlu-dist
swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire
unifyfs

upcxx
variorum
veloc

visit

vtk-m
wannier9e
warpx

zfp
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.0/mpifileutils—0.11.1-ugd4fcf55nmpjwgmmropsy2shawhs2ca
.0/nccmp-1.9.0.1-glrquptc5dnsgtkdiématefyxab4ivoh
.0/nco-5.0.1-fzunxjdmu7hdnwhvdwd3r537qgxcfxglg
.0/netlib-scalapack-2.2.0-awvctx4s6tn37bu3irs3qxgisb313e2c
.0/nrm-0.1.0-35ftc5zjbgr2séwodzdzyqigéqwxhdaj
.0/omega-h-9.34.13-eyshakan2st1j7z12xilwsn3bowg5fpd
.0/openmpi-4.1.4-6ycgzzqotgsq3vfbzdinjgfpnlwgbzfz
.0/openpmd-api-0.14.5-zhhvépd2ubpohrnkbeyiuap7vlaqc7ne
.0/papi-6.0.0.1-7mdhpsvhvhv34zxjkd7fdxkmrbéwsatz
.0/papyrus-1.0.2-1mzmxzs23fhhté6supkjicdkbyyudb35q
.0/parallel-netcdf-1.12.3-xbjo2gz1ly3df2kéju2bgxypsgpj74avé
.0/paraview-5.10.1-4h5qgdhyzpcniaez2kuuvcdjéd4axhnyss
.0/parsec-3.0.2209-7extkamumzt72g7vj63yteyplgftyz5e
.0/pdt-3.25.1-1x67nrs24pkbnmnj7am3t75swtowtfcs
.0/petsc-3.18.1-ded1z2pkohzwsnf25c76mw4m24ve3raa
.0/phist-1.11.2-060yojfqé63ig32aprawafeemrSkorrpm
.0/plasma-22.9.29-1z12zqgixszecrubvztpjppftytfumjgq
.0/plumed-2.8.0-epvuukmxngijswbuvpadé6tbx7mpredyf
.0/precice-2.5.0-y5ig3rxwfepuk7odzzsi5bbnglbdeu25
.0/pumi-2.2.7-vrzh5nche4gokubfuzmc4é6qz4mfqvesg
.0/py-cinemasci-1.3-jtx4it4isabauoaajeodp5pwstslgghw
.0/py-jupyterhub-1.4.1-wi2zbgjgkigxwila5ok2pski2g7qzywl
.0/py-libensemble-0.9.3-exsvyi4ve2itudyzdolfdskyppugegdj
.0/py-parsl-1.1.0-rsijhwc7q4qlo7kh4furvo7muyouwdzé
.0/py-radical-saga-1.16.0-bzydésofsz5cxlyuk2xrpugyuxflxtee
.0/qthreads-1.16-xjrlin56o0afltc3ehvxdy74pz5zvcpkn
.0/quantum-espresso-7.1-pf4cmxbngmswwamoxnl2ihjgtz4p7kgp
.0/raja-2022.03.0-kf7ckzhggoh3iu3cshwonjb5mafjkmgpl
.0/scr-3.0.1-47wtxqrwpia77oeyavpg5gkhdokgkuvu
.0/slate-2022.07.00-ofiigavw7kcyneulkfbazl3ms5mufmvu
.0/slepc-3.18.1-pibplgtsnssyp37d2wlz3wfpylrrrcoh
.0/stc-0.9.0-wnlgngxsjzosrg3yw2jtlzgnxvgrsnax
.0/strumpack-7.0.1-bcxvébhle5e77wzvx3ambzaciqisbbéh
.0/sundials—-6.4.1-nal5sibiqezc45fbz53cwrd34rxfebaf
.0/superlu-dist-8.1.1-k7k4dihxflzall4wqzé6rhs7agshu3bj
.0/swig-4.0.2-fortran-féqkx5yz47aagowwl2rtbz4kuccégh3j
.0/sz-2.1.12.2-2ilgy7ishmc2tbz2ghbtkaoasaltbiek
.0/tasmanian-7.9-izwrkvlnjnevhtorhgesaérkkmcf6t7x
.0/tau-2.32-qoombzmdp3ghettqxr4fadssterxzjdxs
.0/trilinos-13.4.0-xnlfgmz4zeb7jdfd1lx7bm5nnbc4gkr71
.0/turbine-1.3.0-mymxhgxtdpdowytnhsotcm3zvs2arpak
.0/umap-2.1.0-wpgbklc3pxmcyacmké6f3g5gxovaribg5s
.0/umpire-2022.03.1-2vs73ks3sglgqveks2awdrvuzbcx3quq
.0/unifyfs-1.0-omawjudjfjow2xikcrzagn3u3cvmjwzy
.0/upcxx—2022.9.0-nbwjd4sgirgplrgct4qamdivwskluxvy
.0/variorum-0.6.0-azdafc4ozaosrpn5sfmbfs15m4d4b3d7
.0/veloc-1.5-rhtasy7xmuhj4sxsykgfyzbf3ysetenk
.0/visit-3.2.2-h7vjzfz1lnfk2zbvz2ono4wokk3rutuys
.0/vtk-m-1.9.0-3j52zqfh35h5qofzycu3uhndap3bsvlbx
.0/wannier90-3.1.0-npbjfugy4nésyzk2nitbjfm5z31i7dag
.0/warpx-22.10-xcdmrukmébkvf24npzxhk3ha5ydymmnh
.0/zfp-0.5.5-dkanfr4t75fh3gwkpsdzhphs25h24nxp

Languages:
« Julia
* Python

Al products with GPU support

Tensorflow
Pytorch

3D Visualization

« Paraview
 Vislt

« TAU'’s paraprof




E4S Support for CUDA variants on x86 64

Singularity> spack find +cuda cuda_arch=80

—— linux-ubuntu20.04-x86_64 / gccl1.1.0

adios2(02.8.3
amrex(©22.11
arborx(®1.3

blaspp®2022.07.00
caliper®2.8.0
==> 33 installed packages

Singularity> spack find +cuda cuda_
— linux-ubuntu20.04-x86_64 / gcc®11.1.0

adios2(2.8.3
amrex(©22.11
arborx(®1.3

blasppt2022.67.00
caliper(@2.8.0
==> 33 installed packages

Singularity>

ECP

EXASCALE
COMPUTING
PROJECT

camp(2022.03.2
camp(2022.03.2
chai(2022.03.0
dealii9.4.0
flecsi(P2.1.0

camp(©2022.03.2
camp(2022.03.2
chai®2p22.083.0
dealii9.4.0
flecsi®2.1.0

ginkgo®1.4.0  kokkos(®3.7.00
heffte®2.3.0 kokkos—kernels®3.7.00
hpx®1.8.1 lapackpp®2622.67.00
hypre®2.26.0  magma(2.6.2
kokkos®3.7.00 mfem®4.5.0

arch=70

ginkgo®1.4.06  kokkos(®3.7.00
heffte2.3.0 kokkos—kernels®3.7.00
hpx®1.8.1 lapackpp®2022.67.00
hypre®2.26.6  magma®2.6.2
kokkos®3.7.00 mfem®4.5.0

omega-h(®©9.34.13
petsc®3.18.1
raja®2022.03.0
slate®2022.07.00
slepc®3.18.1

omega—-h(9.34.13
petsc3.18.1
raja2022.03.9
slate®2022.07.00
slepc®3.18.1

strumpack(®7/.0.1
sundials®6.4.1
superlu-dist®8.1.1
tasmanian(®7/.9
trilinos(®13.4.0

strumpack(®7.0.1
sundials®@6.4.1
superlu—-dist®8.1.1
tasmanian(®7.9
trilinos(®13.4.90

umpire(®2022.

vtk-m®1.9.0
zfpo.5.5

umpire®2022.

vtk-m(1.9.0
zfpo.5.5

03.

03.

1

1
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E4S Support for ROCm variants for MI250X (gfx90a) on x86 64

'Singularity> spack find +rocm amdgpu_target=gfx90a
—— linux-ubuntu20.04-x86_64 / gcc®l11.1.0 —

amrex(©22.11 gasnet(®2022.9.0 lapackpp(®2022.07.00 strumpack(®7.0.1 upcxx(©2022.9.0
arborx(@l1.3 ginkgo®1.4.0 magma®2.6.2 sundials®6.4.1 vtk-mP1.9.0
blaspp(?2022.07.00 heffte®2.3.0 petsc(3.18.1 superlu—-dist(®8.1.1

camp(©2022.03.2 hpx®1.8.1 raja®2022.03.0 tasmanian(®/.9

chai(®2022.03.0 hypre®2.26.0 slate(®2022.07.00 trilinos(@13.4.0
ecp—data-vis—-sdk(®1.0 kokkos(®3.7.60 slepc(3.18.1 umpire®2022.03.1

==> 26 installed packages
‘Singularity> [}
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22.11 Release: 100+ Official Products + dependencies (gcc, ppcb4le

~OGJ\IO~U1J~\(A)NP

adios2
alquimia

aml

amrex

arborx

archer
argobots
ascent

axom

bolt
butterflypack
cabana
caliper

chai
charliecloud
conduit
darshan-runtime
datatransferkit
dyninst
ecp—-data-vis-sdk
exaworks
faodel

flecsi

flit
flux-sched
fortrilinos
gasnet

ginkgo
globalarrays
gotcha

gptune
h5bench

hdf5
hdf5-vol-async
heffte
hpctoolkit
hpx

hypre

kokkos
kokkos—kernels
lammps

legion

libnrm
libpressio
libquo

magma

mercury
metall

mfem
mpark-variant
mplch

= (C\\F’
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.0/adios2-2.8.3-xstw7pb2wnuauxru23ylesfwxftprwub

.0/alquimia-1.0.10-imnm7jcs2ouai2rxauuouvyckx7jgqé6é
.0/aml-0.2.0-zcs6216Totx3x3qd5n6dw2ykéngbp2lu
.0/amrex-22.11-gkh4nkmrfvy3rsjuot4itogkgs3ykbmh
.0/arborx-1.3-sfc3s5436qgbeba3ifeuiphfnmby3c7s
.0/archer-2.0.0-256hr61kxoiqfejxvgp5qrm23zjondko
.0/argobots-main-6nktgpmhhyk4moukp5acd574r6tx645m
.0/ascent-0.8.0-uebcbébykcj22vécuhbbuwjxvheshdy7mg
.0/axom-0.7.0-tbaegbh7snyrv2zaf5shhmmxx322i1q3
.0/bolt-2.0-qgdopshdcptzcnnda5émowvvvw2digyz
.0/butterflypack-2.2.2-1rytvkbx54c64nw7sp4sgj7jubézfpmzg
.0/cabana-0.5.0-dbnndtwheigh23dhdzdiraréiérygz7w
.0/caliper-2.8.0-ardfzvqrw5xx3eygslqy3wn3673fp4yv
.0/chai-2022.03.0-y67sx56h6713svnpgmyvwms2njk57uu7
.0/charliecloud-0.29-221hik3wztz21lwgsp5ztaaxivczfnvts
.0/conduit-0.8.4-i2dirqo5kdnclzmo4z2g4py7wat2toil
.0/darshan-runtime-3.4.0-6gwxbfzshgdkqlusyzriuuq7yvwil77f
.0/datatransferkit-3.1-rc3-yw7yb5352jm7ebuszgc7gxfmhjm2aépz
.0/dyninst-12.2.0-srymkrlxqo2uel2461xunsby4évcltax
.0/ecp-data-vis-sdk-1.0-zx5zr5jbjurfk4612rjmmznmotrn2rjj
.0/exaworks—-0.1.0-xwvmorfgk2pfzjugjasqwugsflbé3ugu
.0/faodel-1.2108.1-fi5cqlvbvgkmjdéxdlmscffgégs7qal3c
.0/flecsi-2.1.0-ryémptogpps6zw5qp770il2o0epg5foai
.0/flit-2.1.0-3xcjxzekst34gvmawehi7ttpewbwbgim
.0/flux-sched-0.25.0-1sgmafqesfxerkss5hcc5p3féifvasaxu
.0/fortrilinos-2.1.0-ouétjphmrabksfjxeh3uasrtzccéftlm
.0/gasnet-2022.9.0-hcednfzbzdkoagésaykfup5dgz5f2ah2
.0/ginkgo-1.4.0-ihtmhzjiéhamhvcaw45mzbsmyihmayvp
.0/globalarrays-5.8-wcasxk7bjcsbjiathzocnfxdnx6pz5v5
.0/gotcha-1.0.4-pp3wx75207eyg2bohct5nsh3j67ck7bs
.0/gptune-3.0.0-dxrelx4x3iptauno23qpscx76gvgbsag
.0/h5bench-1.3-64tk47z26t3ier50et3nck5630fpebsu
.0/hdf5-1.13.2-jtg6fulrjflétsvkkgcam2faconpjozz
.0/hdf5-vol-async-1.3-2idxkq4o4yf33sih3wh64ddj22sjhj34
.0/heffte-2.3.0-ybenwfs5whb623uwencjgdslhgnbyedc
.0/hpctoolkit-2022.10.01-3s4wo2fusrnfvteiqpjs5c4ainkmogzk
.0/hpx-1.8.1-k4taf7ds4wjehmyvkzéia7eceqdkpvhs
.0/hypre-2.26.0-xcdmzvzb5uv34kxzpugli72s24koebvx
.0/kokkos—3.7.00-ridq237k7wk7hnkosbkzjucngg3avqwh
.0/kokkos—kernels-3.7.00-75g3c4e4vfl3p2bfkh3gnasttju72eiu
.0/1lammps-20220623-hqrhjr62kdzr35js3av7te6fz2bfibwe
.0/1legion-21.03.0-61byivddvseddjfujjwmvki5éipnk7cp
.0/1ibnrm-0.1.0-d7pfkkzjjrmrisboiqcl7yie4obrivxce
.0/libpressio-0.88.0-tu7zmnqrh7cnvq46m7r54spf7ofpw2ko
.0/1ibquo-1.3.1-gmno3v1x7vu25rtpshwyxkrbbpnyclgw
.0/magma-2.6.2-rzszsgyersk2bvbcv7367aumyeubassbs
.0/mercury-2.1.0-6pfx2hulypvn5glaoé6nnfyyerojng5ssq
.0/metall-0.21-7yh360ky4dmp5eujuzasx7vnncnucrow
.0/mfem—-4.5.0-i30zodxminhapjxouwunz2huwla5v2gk
.0/mpark-variant-1.4.0-tkootg76dnc71lkamebzd4vé3aadt2cow
.0/mpich-4.0.2-vuh7xcc7tiruyjeplretykmeui6éjv52e

GPU runtimes for IBM Power
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Languages

Al packages for NVIDIA GPU

Julia
Python

TensorFlow
PyTorch

20




22 11 Release: 100+ Official Products + dependencies (gcc, ppct4le

103:

mpifileutils
nccmp

nco

netcdf-c
netlib-scalapack
nrm

omega-h
openmpi
openpmd-api
papi

papyrus
parallel-netcdf
parsec

pdt

petsc

phist

plasma

plumed

precice

pumi
py—-cinemasci
py-jupyterhub
py-libensemble
py—-parsl
py-radical-pilot
py-radical-saga
qthreads
quantum-espresso
raja

scr

slate

slepc

stc

strumpack
sundials
superlu-dist
swig

sz

tasmanian

tau

trilinos
turbine

umap

umpire

unifyfs

upcxx

veloc

vtk-m
wannier9e
warpx

yaksa

zfp

ECP

spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—-ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—ubuntu20.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux-ubuntu2e.
spack/opt/spack/linux—-ubuntu20.

EXASCALE
COMPUTING
PROJECT

04-ppcébLle/gee-9.

04—ppcébLsle/gee-9.
@4—ppcbLsle/gee-9.
04—ppcébsle/gee-9.
@4—ppcébsle/gee-9.
04—ppcébLsle/gee-9.
@4—ppcésle/gee-9.
@4-ppcéLle/gee-9.
04—ppcébsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbsle/gee-9.
@4—ppcésle/gee-9.
@4—ppcébLsle/gee-9.
@4—ppcésle/gee-9.
04-ppcébLle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbLsle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcébLsle/gee-9.
@4—ppcébsle/gee-9.
04-ppcbLle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbLsle/gee-9.
@4—ppcésle/gee-9.
04-ppcébLle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbLsle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbLsle/gee-9.
@4—ppcésle/gee-9.
04-ppcébLle/gee-9.
04—ppcébsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbLsle/gee-9.
@4—ppcésle/gee-9.
04—ppcbLsle/gee-9.
@4—ppcébsle/gee-9.
@4-ppcbLle/gee-9.
@4—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.
04—ppcébLsle/gee-9.
@4—ppcébsle/gee-9.
04-ppcébLle/gee-9.
04—ppcbsle/gee-9.
@4—ppcbsle/gee-9.

4.
4.0/nccmp-1.9.0.1-7mveozgiw4pwfvx3jdmgfsre3liereqy
4.0/nco-5.0.1-cugirméyouh4soh3msjqyujdés5lwrmhs
4.0/netcdf-c-4.9.0-ké6yoh3wmoyjjézkc56cof3ybadgkshvz
4.0/netlib-scalapack-2.2.0-ceqsztw3ftqckwgudwacd2dgtowj5y2r
4.0/nrm-0.1.0-jehz42dp6tg2cexmgxwigqfozxqfijkobw
4.0/omega—h-9.34.13-m5bwhbsbeg2lcpwlaxhdrvad7dnljpyi
4.0/openmpi-4.1.4—-se2ftqvbxsejkmzufpsdybmqwgblgkzr
4.0/openpmd-api-0.14.5-vynu7b5z3fbdx46raffzé4dtvdtdejhx
4.0/papi-6.0.0.1-zsplngh5gplinhi4eegi5wzfw2qgérul
4.0/papyrus-1.0.2-aéqveegbék2ahymlzggluleeéojoovgm
4.0/parallel-netcdf-1.12.3-1w3glwqyttaalqt45ké67owvfy5hginbp
4.0/parsec—3.0.2209-3xmklhbilék2fposuveury3qdg3ae2um
4.0/pdt-3.25.1-v4rjp5vwznt7s3d2cjswawyhs2aagqye
4.0/petsc-3.18.1-td7n4vxjis6oatcimj3zfhrf7920572b
4.0/phist-1.11.2-rf712cixm47puybop3ayjxrrabplxdg3
4.0/plasma-22.9.29-feh4vffllkaqck7vhtew2fphg2dxq3rg
4.0/plumed-2.8.0-txmxzcerz46vn3j27rtwgpxxb3kpw5xs
4.0/precice-2.5.0-iw207zwz7umgpssrudhoxgiigxrgdtul
4.0/pumi-2.2.7-gboyr63c55zh6rtéedwsdrpgmky5Sb]pw
4.0/py-cinemasci-1.7.0-p4rv2a3lrzfxr2jjdgwrxbi2zc4xxaéz
4.0/py-jupyterhub-1.4.1-cf3tays4lsksdrhetdévuobfaoxkesrq
4.0/py-libensemble-0.9.3-30hs023ip2jgcwxf67zkrszp2gkixas5
4.0/py-parsl-1.1.0-wuké64tyhzm303jw352ypu7uwjvqvvtwn
4.0/py-radical-pilot-1.16.0-dps7t7pvkves3wwrphxagojuéghhzvub
4.0/py-radical-saga-1.16.0-br3ptdghlo5yzpe4qt662hb735wlkdgv
4,
4.0/quantum—espresso-7.1-hpsqg56frlyptnéebpfvgxx7zhl7boaw

4
4
4
4
4
A
4
4
4
4
4
4
A
4
4
4
4
4
4
4
4
4
4
4

.0/strumpack-7.0.1-wsv5cgcffg2bh5rdpoabéodkvéngtokn
.0/sundials-6.4.1-be503gudlyzéchqs77jnkbew2aoin24u
.0/superlu-dist-8.1.1-xaslzn7y2pkysine4ukuly6fn5ib724g
.0/swig-4.0.2-fortran-ct3v7tcpfcx7gzyhgq7c47f2j6gj7oex
.0/sz-2.1.12.2-djc27r3exk3ykrrx3dmku5f5vcws56d5d
.0/tasmanian-7.9-x1lbvfdtrbrea5ifsd3juqceyayrgyozd
.0/tau-2.32-bx7zr6szk652qsvgx24pqoq7braxprgl
.0/trilinos-13.4.0-3jyearqfpsvxc7j7eicaytfuzxréhsny
.0/turbine-1.3.0-ahvy6fjzi4pggniswvézadajsg26nsbj
.0/umap-2.1.0-fbkmjg3aseqsyn3xecmwlxz3i2f31logn
.0/umpire-2022.03.1-ngbjwhtklyap24fy7x2ixriflgzwdh26
.0/unifyfs-1.0-k4msq726d6fqos4z27hy7g5y315zxmgvk
.0/upcxx-2022.9.0-xngkg2e35w3hxegp73j fuusnm3hakkmec
.0/veloc-1.5-2kisertu7gukltw3hgwtsa3fogipg5cp
.0/vtk-m-1.9.0-xbysbbn4rsbs2o07tmshdrag5s4twtupk
.0/wannier90-3.1.0-71bbjhbmvrm4tzvdvhlh3gcwxvénfzii
.0/warpx-22.10-ciw2valpngmv7jmoq3eqcj552rrpbsy7
.0/yaksa—-0.2-htchdndgcdknrsytcxm2rmeths3tdeca
.0/2fp-0.5.5-5ynyd50yhsei32b3psgf32hv3b3cy4ub

0/mpifileutils—-0.11.1-shjxfjpjvnosjprrm2qzaqzbdpydpéyp

GPU runtimes for IBM Power
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NVHPC 22.9

Languages
« Julia
* Python

0/qthreads—1.16-rtnk7rz6b3x5yileiufga2ipws5daiiq

Al packages for NVIDIA GPU

.0/raja-2022.03.0-j51lmuroz6yj2ny37vcyucaws5dkgapmk

.0/scr-3.0.1-owoj4tln4viwbrxym525alqrc2gykduy ] Te n SO rF I OW
.0/slate—-2022.07.00-gfetndk4730ptp5xbf7wjypkhvvicwv4

.0/slepc-3.18.1-q7wi72flehxgkgpdft57gugcthrwxx34

.0/stc-0.9.0-myxazo2kbnkirwxwshrqqfgcasbo5tzd ] PyTO rCh
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E4S Support for CUDA variants on ppc64le

Singularity> spack find +cuda
—— linux-ubuntu20.04-ppcésle / gcc@®9.4.0

adios2(2.8.3 caliper(®2.8.0  ecp-data-vis-sdk®1.0  hpx(1.8.1 lapackpp(©2022.07.00 petsc®3.18.1
amrex(©22.11 camp(9.2.3 flecsi®2.1.0 hwloc(®2.8.0 magma(2.6.2 raja®0.14.0
arborx®1.3 camp(2022.03.2 flux—core(0.44.0 hypre(®2.26.0 mfem®4.5.0 raja2022.03.0
ascent(®0.8.0 camp(£2022.03.2 ginkgo@1.4.0 kokkos(®3.7.00 omega—-h(©9.34.13 slate(02022.07.00
blaspp®2022.07.00 chai®2022.03.0 heffte2.3.0 kokkos(®3.7.00 papi6.0.0.1 slepc®3.18.1
cabana(0.5.0 dray(0.1.8 hpctoolkit(2022.10.01 kokkos—kernels®3.7.00 petsc®3.18.1 strumpack®7.0.1

==> 46 installed packages

Singularity> uname -a

Linux eagle 4.18.0-348.7.1.el8_5.ppcésle #1 SMP Wed Dec 8 21:26:34 EST 2021 ppcébsle ppcéile ppcébsle GNU/Linux
Singularity> [

—_—
\\ EXASCALE
) COMPUTING
\ PROJECT
fmm

sundials(®é6.4.1
superlu-dist@®8.1.1
tasmanian(®7.9
taul®2.32
trilinos@®13.4.0
umpire®6.0.0

umpire@®2022.03.1
vtk-h(0.8.1
vtk-m@P1.7.1
zfpo.5.5
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22.11

Release: 97 Official Products + dependencies (gcc, aarch64)

WoOoONOOUTAE WN -

adios2
alquimia

aml

amrex

arborx
archer
argobots
axom

bolt
butterflypack
cabana
caliper

chai
charliecloud
conduit
dealii
datatransferkit
dyninst
exaworks
flecsi

flit
flux-sched
fortrilinos
gasnet
ginkgo
globalarrays
gotcha
gptune
h5bench

hdf5

heffte
hpctoolkit
hypre

kokkos
kokkos—-kernels
lammps
legion
libnrm
libpressio
libquo

magma
mercury
metall

metis

mfem
mpark-variant
mpich
mpifileutils

/spack/opt/spack/linux—-ubuntu2@.04-aarch64/gcc-11.1.0/adios2-2.8.3-tn6yp5hyy7pzuddsbxedbtezwtudtire .
/spack/opt/spack/linux-ubuntu2@.04-aarch64/gcc-11.1.0/alquimia-1.0.10-tdvinj iqt4e6eacmd6pnrrd3ue6k6idj G P U ru ntl ' I leS fO r aa rCh 64
« CUDA11.7.1

/spack/opt/spack/linux-ubuntu2@.04-aarch64/gcc-11.1.0/am1-0.2.0-syvk6hnriqj77ncazqzqlmocbnkpclgu
« NVHPC 22.9

/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/amrex-22.11-6ydr3w7ayovuh2yzvfsxoid2kgwnfpws
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/arborx-1.3-jt7ve5rlwivzf5dzwyng26jam5fzjqci
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/archer-2.0.0-7f5pa6xnn5dv4jfvu7b4646ycqi6fzkc
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/argobots-1.1-174kgroqghmojgtla6jc636nxy2dalfc
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/axom-0.7.0-t3kotm4x4z52ekeufo6;jodrrivbze63w
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/bolt-2.0-yvwovujhly33eswru7y5u7hrm5wrlvpb
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/butterflypack-2.2.2-kpf7z2obladj150yh5vlirhnuurv3i3l
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/cabana-0.5.0-vr5m5k2o0aifqa5rf3avouo64goreqvxq
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/caliper-2.8.0-jn2n6gmx4nr5wah2v74hobktmltdg 15y
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/chai-2022.03.0-5ubvclovphu7jujakax5hbcukh6ghymp
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/charliecloud-0.29-ktfm7t2k7hpqtzrjmhcewcvgpi3gri5a
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/conduit-0.8.4-hvuikr4sv2kfcx4g35jfobc2rj2zccmj
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/dealii-9.4.0-falixullnfl4vjamcepzljuuscrwglzc
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/datatransferkit-3.1-rc3-zisyujfjv4nttxhdnbncbdv6co75z5pv
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/dyninst-12.2.0-ypzolgjgzobolvpbgsi4jzfhcyk47vjq
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/exaworks-0.1.0-3m2ruyseumhukyekm2q4nt7rdvd7k4wg
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/flecsi-2.1.0-s6rs2yftyaxvxnl7q7gp22gvekqady3
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/flit-2.1.0-emd4kewgegaZex6b7fsoj7ks2jgfap2r
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/flux-sched-0.25.0-1mqd14srk3jhvioy5is6s63bhi3wss31
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/fortrilinos-2.1.0-exjnwghy36jgk3wzihytuxmhpubux37x
/spack/opt/spack/linux—-ubuntu2@.04-aarch64/gcc-11.1.0/gasnet-2022.9.0-6bes46634npapndf4hjcntlbn5ivwrvp
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/9inkgo-1.4.0-acxgljw53cythdethxhlzrhny4qsb5x2
/spack/opt/spack/linux—-ubuntu2@.04-aarch64/gcc-11.1.0/globalarrays-5.8-wz17agux5xdxyyi4xngmd4xtg15g3old
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/gotcha-1.0.4-gagcbny51x6tabraefjzoiovbwbmdiiq
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/gptune-3.0.0-4kplix3fdcstrt5dypqlrgaqrposgexi [
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/h5bench-1.3-7lmvmdpwsk755x5wckemhryj64t6adku
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/hdf5-1.12.2-asibqu61i16f2khy4wz4jguvgdtbnasw
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/heffte-2.3.0-52sx1h32xx1x7xqsu2hn67ituonhpetd
/spack/opt/spack/linux-ubuntu2@.04-aarch64/gcc-11.1.0/hpctoolkit-2022.10.01-bt53j fagmgfgympp6dcg3mma2xkj6z6j
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/hypre-2.26.0-ohgawpjpqugg75igtu37gvh42akacask
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/kokkos-3.7.00-f7yk3y47vims4qzwikqgkt fxyc2w5w24
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/kokkos-kernels-3.7.00-atdbg7a5fyhnqwc2aiffor522mtaeswv
/spack/opt/spack/linux—-ubuntu2@.04-aarch64/gcc-11.1.0/lammps—20220623—-erjtpwzqdkgfmmywp5ydvcdnltujb7fo
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/legion-21.03.0-03f5hnenbldjwvb42quez4kajwxgmixs
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/1ibnrm-0.1.0-xbrc2ijsh3z5yz7m5dgkzeblqtbc4dow
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/libpressio-0.88.0-ofdlcpilijgeket6wujc7s7clylphx2x
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/1ibquo-1.3.1-yrjwwdkcw2syql7wgkladcc65bfj3z3n
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/magma-2.6.2-v1lhdyh4rcsuyvn63s2g3kxooazucnzmn
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/mercury-2.1.0-32tqjycyhtonefmschzspb4t56hgqgavs
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/metall-0.21-p62al2gad2ubtmfbbyadrviritoxmyyc
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/metis-5.1.0-zmoxqrt13klpelmjeofnquikf2z3hktj
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/mfem-4.5.0-tf5sgtvrnsxhijo53nwbu53skhgis35j
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/mpark-variant-1.4.0-ffmm7i4mnho7mpx6weaevaizygyccerb
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/mpich—4.0.2-4f7mm6hpijp7475nhxulp7nnffjbmwwu
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/mpifileutils-0.11.1-ptsvxdgt57g5ppuxfwzsababwwnicnth

Languages
« Julia
* Python

Al packages for NVIDIA GPU
TensorFlow
* PyTorch
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22.11

49: netcdf-c

50: netlib-scalapack
51: nccmp

52: nco

53: nrm

54: omega-h

55: openmpi

56: openpmd-api

57: papi

58: papyrus

59: parmetis
60: parsec

61: pdt

62: petsc
63: plasma
64: plumed
65: precice
66: pumi

67: py-jupyterhub
68: py-libensemble

69: py-opentuner
70: py-parsl

71: py-radical-entk
72: py-radical-pilot
73: py-radical-saga

74: qthreads

75: quantum-espresso

76: raja
77: scr
78: slate
79: slepc
80: stc

81: strumpack
82: sundials
83: superlu-dist

84: swig

85: sz

86: tasmanian
87: tau

88: trilinos
89: turbine
90: umap

91: umpire
92: upcxx

93: vtk-m

94: wannier90
95: warpx

96: yaksa

97: zfp

/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/netcdf-c-4.9.0-2pfmvfxcyytym2mcbrv7wf5fz41lhyn5e
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/netlib-scalapack-2.2.0-jibpglaalgul4vdvkthm2xffgsaqyk6x
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/nccmp-1.9.0.1-bj5q4zadekltopl1lmpwap55t6rhp7bn
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/nco-5.0.1-37anulj3jhpjq7uppvvaulv3rhiyfokp
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/nrm-0.1.0-gaw4djudk5h7 leoarmnhglx7anwmot7ss
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/omega-h-9.34.13-7akf22v6k6ez6zw3laipkgvodstcbs4x
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/openmpi-4.1.4-tzwjiius6vahp7gqttpmj5dufkhuphnh
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/openpmd-api-0.14.5-7n4dyx2hfvkaqlx42yczmptrbh6pj rww
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/papi-6.0.0.1-whxzalkc5520guusgeoyhlud72dms631
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/papyrus-1.0.2-4izhlazxhbfgsuSwqrSmfph7nreryu7u
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/parmetis—4.0.3-uf2q6w2obb3ffd5saykavw64v4qxx77g
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/parsec-3.0.2209-kok6u7t4ktjs5hibskcui3ij5k273t4n
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/pdt-3.25.1-tips7k5urkb4eo6gqs7h47dbt rrawbx2
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/petsc-3.18.1-wa3y5fd6bpo612zcfs5aldzgqzn31zgq
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/plasma-22.9.29-4f1v33gabms6tk42s2wrxbglbtg5fmpu
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/plumed-2.8.0-a2mt ftxdvwp4xui3h3o3hwj2cke3gsvq
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/precice-2.5.0-3u3kp2fd31xd4paghcozknw362endpda
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/pumi-2.2.7-7pmitcrrévf6b6e7tomboz6g6p2kke51
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/py-jupyterhub-1.4.1-xfqgddo75bxjnh7kdnikx531wuo7gjfm
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/py-libensemble-0.9.3-ekr7nmfgbbvrkarémafzb3fzr42qigbz
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/py-opentuner-0.8.7-ym2rlih2zrgsyamcxiol4udnxjwsw7qm
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/py-pars1-1.1.0-m7wtbped4nxq5mqdxirf22gwettjebvug
/spack/opt/spack/linux-ubuntu2@.04-aarch64/gcc-11.1.0/py-radical-entk-1.16.0-uspj343t5wdcgryqksrjabeqs3taa23x
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/py-radical-pilot-1.16.0-gs1zkf660zxn14wg13nj13gnjuobczyx
/spack/opt/spack/linux-ubuntu2@.04-aarch64/gcc-11.1.0/py-radical-saga-1.16.0-wcz7tksshlxuahqyoyjojfpsygzhlcc3
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/qthreads-1.16-c6uuprrtqcdkq75g5d3pur5iblvkutak
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/quantum-espresso—7.1-hw7oy3vjdllkjgaraslhbwetuxx72uxf
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/raja-2022.03.0-6lmk4o1lb4ikhrg52wenkruy3o7oaehda
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/scr-3.0.1-byaglsu6i6bbenctnbibty42hv2jux7s
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/slate-2022.07.00-je6innhafk7it6nh6pb472c6q4zc5jwx
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/slepc-3.18.1-yo2g4k4gimlkivptfwyz7zxc6qafrn2t
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/stc-0.9.0-66ur7lded4sehbiuhq725h4njmh67yn6t
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/strumpack-7.0.1-6b43dyoqnfa5yged4u21jmckfsdwjjgwa
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/sundials-6.4.1-t2k7smta36vv4scpfvr72qvky37kzbvo
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/superlu-dist-8.1.1-ul3qouwm24cvprbxaaevg7zrhyng55dv
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/swig-4.0.2-fortran-wgukl4d4bbrvnin2dko27vmsbzm4vdoz
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/sz-2.1.12.2-6inw3xqodwku35vffczal7x7e32g6vzv
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/tasmanian-7.9-xehgodjpanihpukedfppvijv4kviffhl
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/tau-2.32-0i5yvfxkdx46hdjcwiwsatfnwapp2qga
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/trilinos-13.4.0-7ig32xrxhx2wjyhga77bh4h3yraxgfwr
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/turbine-1.3.0-ttxgmsxu5juonlagdgr74ugifohitu65
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/umap-2.1.0-kglnikj3dpcmeuwex3twovw7msjgkngb
/spack/opt/spack/linux-ubuntu20@.04-aarch64/gcc-11.1.0/umpire-2022.03.1-2aagqdhp5wysbf5wzanwjdpnf7mh7za4
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/upcxx-2022.9.0-gaktmfdbhnugnhpwsrrng3amjt1fffeg
/spack/opt/spack/linux—-ubuntu20.04-aarch64/gcc-11.1.0/vtk-m-1.9.0-mievxngqsq2okéysv151frhraedcwvtfm
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/wannier90-3.1.0-osqph5gscpas7ofgu5uedhlzacebeb5n
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/warpx-22.10-2uknrbmbuohzvolulhiqidwyc5unekkn
/spack/opt/spack/linux—ubuntu20.04-aarch64/gcc-11.1.0/yaksa—-0.2-vpraougvigjg2c2wncmc7ebfgbwqon2d
/spack/opt/spack/linux-ubuntu20.04-aarch64/gcc-11.1.0/zfp-0.5.5-rdwxkyawwt ixm3hpwh2pel502ihwzkip
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Release: 97 Official Products + dependencies (gcc, aarch64)

GPU runtimes for aarch64
« CUDA1M11.71
« NVHPC 22.9

Languages
« Julia
* Python

Al packages for NVIDIA GPU
* TensorFlow
* PyTorch
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E4S Support for CUDA variants on aarch64

'Singularity> spack find +cuda cuda_arch=80
—— linux-ubuntu20.04-aarch64 / gcc@l1l.1.0

adios2@2.8.3 camp@2022.03.2 ginkgo@l.4.0 kokkos—-kernels@3.7.00 petsc@3.18.1
amrex@22.11 camp@2022.03.2 heffte@2.3.0  lapackpp@2022.07.00 raja@2022.03.0
arborx@l.3 chai@2022.03.0 hypre@2.26.0 magma@2.6.2 slate@2022.07.00
blaspp@2022.07.00 dealii@9.4.0 kokkos@3.7.00 mfem@4.5.0 slepc@3.18.1
caliper@2.8.0 flecsi@2.1.0 kokkos@3.7.00 omega-h@9.34.13 strumpack@7.0.1

==> 32 installed packages
Singularity> [

Support for A100 and T4 GPUs under aarch64

—_—
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sundials@6.4.1
superlu-dist@s.1.1
tasmanian@7.9
trilinos@13.4.0
umpire@2022.03.1

vtk-m@1.9.0
zfp@2.5.5
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Minimal Spack base image on Dockerhub

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

W@ dockerhub [ Q Search for great content (e.g., Explore  Repositories  Organizations  Help ~ @ exascaleproject v

Explore  ecpeds/ubuntu18.04-spack

ecpeds/ubuntu18.04-spack « ) Creat.e cu_stom
By ecped4s « Updated a month ago Contalner Images
« 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

0.171 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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E4S 22.11 Release: GPU support for Docker Containers

@ ® <[> M v v [ )] & hub.docker.com o i) oo

+

Q ecpeds/eds-cuda Explore  Repositories  Organizations Help ¥ Upgrade O exascaleproject ¥

Explore ecpeds/eds-cuda

100+ E4S Products
ecpeds/eds-cuda * Manage Repository * Support for GPUs

By copeds - Updated 2. * x86_64
. y ecpeds Updated 2 days ago ¥ Pulls 77 o pp064|e
e aarch64

Overview Tags

Sortby  Newest v Q_ Filter Tags

% docker pull ecpeds/eds-cuda
docker pull ecpeds/ed4s-cuda:.. rD
astpusned Z days ago by esw123

DIGEST 0S/ARCH LAST PULL COMPRESSED SIZE @
968cfc478e8d linux/amd64 44.61 GB
482dd048cf67 linux/armé64/v8 28.66 GB
5dddb0fb0Ob5c linux/ppc64le 32.03GB

—_—
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E4S bare-metal installation spack.yami reC|pe

Q0O < M v ] 0 [ hnps//gnhub om/E S-Proj blob i 9111/spack 86, 64yaml o i} =
30 elfutils:
31 variants: +bzip2 ~nls +xz
32 fftw:
33 variants: +openmp
34 hdf5:
35 variants: +fortran +hl +shared api=v18
36 version:
37 - 1.12.1
38 libfabric:
39 variants: fabrics=sockets,tcp,udp,rxm
40 libunwind:
41 variants: +pic +xz
42 mesa:
43 variants: ~1lvm
44 mesal8:
45 variants: ~1lvm
46 mpich:
47 variants: ~wrapperrpath
48 ncurses:
49 variants: +termlib
50 openblas:

trilinos:

variants: +amesos +amesos2 +anasazi +aztec +belos +boost +epetra +epetraext

+ifpack +ifpack2 +intrepid +intrepid2 +isorropia +kokkos +ml +minitensor +muelu
+nox +piro +phalanx +rol +rythmos +sacado +stk +shards +shylu +stokhos +stratimikos
+teko +tempus +tpetra +trilinoscouplings +zoltan +zoltan2 +superlu-dist gotype=long_long

58 variants: +pic

59

60 definitions:

61 - cuda_specs:

62 - amrex@21.11 +cuda cuda_arch=80

63 - caliper@2.7.0 +cuda cuda_arch=80

64 - chai@2.4.0 ~benchmarks ~tests +cuda cuda_arch=80 “umpire ~shared

65 - flecsi@2.1.0 +cuda cuda_arch=80 HH H
66 —- ginkgo@1.4.0 +cuda cuda_arch=80 b TrIIInOS Va rlants
67 - heffte02.2.0 +cuda cuda_arch=80 . .

68 - hpx@1.7.1 +cuda cuda_arch=80 [ Bu I It Wlth CU DA
69 - hypre@2.23.0 +cuda cuda_arch=80

70 - kokkos@3.4.01 +wrapper +cuda cuda_arch=80

71 - kokkos-kernels@3.4.01 +cuda cuda_arch=80 “kokkos +wrapper +cuda cuda_arch=80

72 - magma@2.6.1 +cuda cuda_arch=80

73 - mfem@4.3.0 +cuda cuda_arch=80

74 - parsec(3.0.2012 +cuda cuda_arch=80

75 - petsc@3.16.1 +cuda cuda_arch=80

76 - raja@@.14.0 +cuda cuda_arch=80

77 - slate@2021.05.02 +cuda cuda_arch=80

78 - slepc@3.16.8 +cuda cuda_arch=80

79 - strumpack@6.1.0 ~slate +cuda cuda_arch=80

80 - sundials@5.8.0 +cuda cuda_arch=80

81 - superlu-dist@®7.1.1 +cuda cuda_arch=80

2 Smbasnaniand soudo g

83 05@1: +cuda cud.

84 - umpire@6.0.0 ~shared +cuda cuda_arch=86

85 - upcxx@2021.9.0 +cuda

86 - vtk-m@1.6.0 +cuda cuda_arch=80

87 - zfp@0.5.5 +cuda cuda_arch=80

\\ EXASCALE
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E4S Build Cache for Spack 0.19.0

@ ® <« 0 v (v | L )] lElS https://oaciss.uoregon.edu/e4s/inventory.html Cb (4] ]
[J
E4S Build Cache for Spack 0.19.0
To add this mirror to your Spack:
$> spack mirror add E4S https://cache.eds.io
$> spack buildcache keys -it
95,721 total packages
Last updated 2022-11-11 14:47 PST
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 adiak@0.2.2 adios2@2.5.0 adios2@2.6.0 adios2@2.7.0 adios2@2.7.1 adios2@2.8.0 adios2@2.8.3
adios@1.13.1 adlbx@0.9.2 adlbx@1.0.0 adol-c@2.7.2 alquimia@1.0.10 alquimia@1.0.9 alsa-lib@1.232 amg@12 aml@0.1.0
aml@0.2.0 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 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 amrex@22.08 amrex@22.11

ey \
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* QOver 95,000
binaries!

* No need to
recompile from
source code.
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E4S Base Container Images for x86_64, ppc64le, and aarch64

eoe < D v U © [ nhitpsy/hub.docker.com ¢) I ER

Wdockerhub Q Search for great content (e.g., mysq|) Explore  Repositories  Organizations Help ¥ e exascaleproject ¥

ecpeds Q Search by repository name Organizations H b d k
’ * Hub.docker.com

=\ ecpcontainers °
ecpeds / ubuntu20.04-gpu-x86_64 ﬁ 0 {66 @ Public Gl Exascale Computing Project Super-containe eCpe4S
Updated 3 hours ago -
B ecpets  Platforms:
* X86_6
ecpeds / ubuntu18.04-gpu-ppcédle %o L3 © public & ecpsdk X _ 4

- Viewall. * Ppcb64le
 aarch64
« GPU runtimes:
« CUDA
« ROCm
A  oneAPI
febets ets basecuda o o ki3 @pubiic e A

building the next generation of
modern apps.

ecpe4s/ eds-gpu J .
Updated a day ago w0 ¥, 21 ®) Public

@dockercon

ecpeds / eds-base-rocm l .
Updated 6 days ago pAQL) V5 ® Public

ecpeds / eds-base-oneapi %0 s © public Watch Now
Updated 6 days ago

SEE:::Z/63:;::;:20.04-CUda-aarChG4 %0 42 ® Public
Ezgaeiz/6::y:r;;:18.04-cuda-ppc64le %0 420 ® Public

ecpe4s / ubuntu20.04-cuda-x86_64 %0 i. 3 @ Public

Updated 6 days ago

—_—
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E4S 22.11 AWS image: US-West2 (OR

firefox

earch Terminal

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

(base) [tutorial@ip-172-31
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

please wait

Dip-172-31-6-250:
I

tutorial( /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: Statistics for: node 0 - tauprofile.xm
File Edit View Sources Filters Extractors Tools Catalyst Macros Help File Options Windows Help
ERETg D@EO 0 & W F 14 <) » Time:fo199sey - |13 [S|maxis13 @ » ] LTI
- Name & Exclusive Tl... |Inclusive TIME
pressure - EusinceWith|Edg ey » | 5> W B TAU application 8.784 218.852
B A= 5 60 ) > M Belos: Operation Op*x 0.629 0.706
LA i 157 - = S @S L 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: [ g |0 @ (8 = &A@ » RenderViewl 0Ol = > M Belos: Operation Op*x 1.672 2.32
* ¢ M Belos: Operation Prectx 7.617 43.327
oM 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
= po " - TAU: ParaProf: 3D Visualizer: demo.py = =
v pressure 3 = .
V] %3 turbulent viscosity File Options Windows Help
o welacitu b’
‘
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ECP

E4S 22.11 AWS

* |ntel oneAPI

« CUDA

« NVHPC

« ROCm

« AWS DCV

« Spack Build
Cache

« ECP: Nalu-Wind

e Trilinos

* OpenFOAM

« ParaView

- TAU

 Docker

o Shifter

* Charliecloud

E4S Singularity...
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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>

Container Launch

. lopt/intel/oneapi/setvars.sh
e4s-cl init --backend singularity --image ~/images/e4s-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
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Spack Package Manager
https://spack.io

Slide credit: Todd Gambilin,
LLNL

—
oy \
\ EXASCALE
COMPUTING
\ PROJECT
g


https://spack.io/

Spack enables Software distribution for HPC

» Spack automates the build and installation of scientific software

» Packages are parameterized, so that users can easily tweak and tune configuration

No installation required: clone and go

$ git clone https://github.com/spack/spack
$ spack install hdf5

Simple syntax enables complex installs

$ spack install hdf5@1.10.5 $ spack install hdf5@1.10.5 cppflags="-03 —g3"
$ spack install hdf5@1.10.5 %clang@6.0 $ spack install hdf5@1.10.5 target=haswell
$ spack install hdf5@1.10.5 +threadssafe $ spack install hdf5@1.10.5 +mpi ~mpich@3.2

 Ease of use of mainstream tools, with flexibility needed for HPC

* In addition to CLI, Spack also:
« Generates (but does not require) modules
« Allows conda/virtualenv-like environments
« Provides many devops features (Cl, container generation, more)

—
’Q \
\ EXASCALE
) COMPUTING
\ PROJECT
S

O github.com/spack/spack
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HPC simulations rely on icebergs of dependency libraries

MFEM:
OB Higher-order finite elements

(»‘1’//[ Angcrancs

pe , MMMMM 69 dependency edges
\ J sqlite | perl ‘.

LBANN: Neural Nets for HPC

R =T
I

g
\‘ ¥

py-pandas
py-ratplotlib I I pmmm T P
—
Freetype py-python-dateutil [P py-numpy
>
=7 __
= i

uv ng

gettext || Libffi

readline

MuMMI: Cancer/drug interaction modeling
Integrates MD , HPC scheduling, ML




ECP’s E4S stack is even larger than these codes
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— Red boxes are the packages in it (about 100)

— Blue boxes are what else you need to build it (about 600)
— It's infeasible to build and integrate all of this manually

PPPPPPP
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Some fairly common (but questionable) assumptions
made by package managers (conda, pip, apt, etc.)

* 1:1 relationship between source code and binary (per platform)
— Good for reproducibility (e.g., Debian)
— Bad for performance optimization

* Binaries should be as portable as possible
— What most distributions do
— Again, bad for performance

* Toolchain is the same across the ecosystem
— One compiler, one set of runtime libraries
— Or, no compiler (for interpreted languages)

Outside these boundaries, users are typically on their own
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High Performance Computing (HPC)
violates many of these assumptions

o Code is typically distributed as source
— With exception of vendor libraries, compilers

« Often build many variants of the same package
— Developers’ builds may be very different Current
— Many first-time builds when machines are new

e Code is optimized for the processor and GPU
— Must make effective use of the hardware
— Can make 10-100x perf difference

* Rely heavily on system packages
— Need to use optimized libraries that come with machines
— Need to use host GPU libraries and network

Multi-language

— C, C++, Fortran, Python, others
all in the same ecosystem

Upcoming

Some Supercomputers

Oak Ridge National

Lab
/ NVIDIA
m FRONTIER
Lawrence : )
Berkeley National Oak Ridge National
Lab Lab
AMD / NVIDIA AMD / Radeon

Argonne National Lab Lawrence Livermore
Intel / Xe National Lab

AMD / Radeon
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What about containers?

« Containers provide a great way to reproduce and distribute an
already-built software stack

« Someone needs to build the container!
— This isn’t trivial
— Containerized applications still have hundreds of dependencies

* Using the OS package manager inside a container is insufficient
— Most binaries are built unoptimized
— Generic binaries, not optimized for specific architectures

« HPC containers may need to be rebuilt to support many
different hosts, anyway.

— Not clear that we can ever build one container for all facilities
— Containers likely won'’t solve the N-platforms problem in HPC Charliecloud SHIFTER




Spack sustains the HPC software ecosystem
with the help of its many contributors

6,400+ software packages
Over 1,000 contributors

Contributions (lines of code) over time in packages, by organization

175000 A LLNL I RIT I RIKEN

ANL/UIUC I LANL I Hamburg
L 150000 - lowa CERN mmm OVGU
| | lowa State CSCS  mmm 3vGeomatics
) -5 125000 { ™= unknown ANL mm CEA
d A ¥ e mm HiSilicon AMD FAU
<4 ( 100000 { ==m EPFL mEm ORNL mmm Other
2 75000 A
50000 A
25000 A
o T T T
2 X \2)
3 4 2
D1DayAc1iveUsers‘ D7DayActiveUse«s‘ [ 14 Day Active Users [ 28 Day Active Users ’1’0 ’1’0 ’19

Most package contributions are not from DOE!

Nearly 6,000 monthly active users
(per documentation site)

317
% of Total: 100.0(

40




Spack provides a spec syntax to describe customized installations

$ spack install mpileaks unconstrained

$ spack install mpileaks@3.3 @ custom version

$ spack install mpileaks@3.3 %gcc@4.7.3 % custom compiler

$ spack install mpileaks@3.3 %gcc@4.7.3 +threads +/- build option

$ spack install mpileaks@3.3 cppflags="-03 —-g3" set compiler flags

$ spack install mpileaks@3.3 target=zenZ set target microarchitecture
$ spack install mpileaks@3.3 Ampich@3.2 %gcc@4.9.3 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!

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




Spack packages are templates
They use a simple Python DSL to define how to build

Not shown: patches, resources, conflicts,

from spack import x

class Kripke(CMakePackage):
"""Kripke is a simple, scalable, 3D Sn deterministic particle
transport proxy/mini app.

homepage = "https://computation.llnl.gov/projects/co-design/kripke"
url = "https://computation. llnl.gov/projects/co-design/download/kripke-openmp-1.1.tar.gz"
version( , sha256="'3f7f2eef0d1ba5825780d626741eb@b3f026a096048d7ec4794d2a7dfbe2b8ab’)

‘1.2.3'
version(‘1.2.2’, sha256='eaf9ddf562416974157b34d00c3a1c880fc5296fce2aa2efad39a86e0976f3a3’)
version('1.1’, sha256='232d74072fc7b848fa2adc8albc839ae8fb5f96d50224186601f55554a25f64a’)

variant('mpi’', default=True, description='Build with MPI.’)
variant('openmp', default=True, description='Build with OpenMP enabled.’)

depends_on('mpi', when='+mpi’)
depends_on('cmake@3.0:"', type='build’)

def cmake_args(self):
return [
'-DENABLE_OPENMP=%s’ % ('+openmp’ in self.spec),
'-DENABLE_MPI=%s' % ('+mpi’ in self.spec),
]

def install(self, spec, prefix):
# Kripke does not provide install target, so we have to copy
# things into place.
mkdirp(prefix.bin)
install('../spack-build/kripke', prefix.bin)

—

e

o \
\ EXASCALE
) COMPUTING
\ PROJECT

other directives.

Base package
(CMake support)

= [Metadata at the class level

} Versions
} Variants (build options)

Dependencies
(same spec syntax)

Install logic
in instance methods

Don't typically need install() for
(MakePackage, but we can work
around codes that don’t have it.
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Concretization fills in missing configuration details
when the user is not explicit.

L) A A L] . . . .
mpileaks ~callpath@l.0+debug “libelf@0.8.11 User input: abstract spec with some constraints
spec.yaml
spec:
- mpileaks:
prd : mpileaks@?.3 M rchs Tinux-x86_64
1) mpileaks %gcces.7.3 B 866
= =l1inux-ppc64 name: gcc
3 version: 4.9.2
Q) \ dependencies:
— adept-utils: kszrtkpbzac3ss2ixcjkcorlaybnptp4
N' callpath: bah5f4h4d2n47mgycej2mtrnrivvxy?77
11 he1. mpich: aa4ar6ifj23yijgmdabeakpejcli7z2t3
D callgg;ﬂgl .0 %gccc% q4p.a7t. 3@1 de®bug Cgi] a nizhj ?{I}'JXWL7p6gyzn5ptgyes7sghypr‘ujh
=linux-ppc64 ver‘sion:"l.@'
/ l / X - adept-utils:
arch: linux-x86_64
compiler:
ich@3.0.4 dyni @8.1.2 Versions
. . . mpic 0. yninst@g.1. version: 4.9.2
mp1 dyninst COﬂCretlze %gcc@4.7.3 %gcc@4.7.3 Store dependencies:
=l1inux-ppc64 =l1inux-ppc64 boost: teesjv7ehpeSksspjim5dk43arzgnowlq
\ mpich: aa4ar6ifj23yijgmdabeakpejcli72t3
hash: kszrtkpbzac3ss2ixcjkcorlaybnptp4
\ variants: {}
version: 1.0.1
- - boost:
libdwarf 11b%gvar‘f@%2®71330729 arch: linux-x86_64
gcca. 7. compiler:
=l1inux-ppc64 name: gee
version: 4.9.2
dependencies: {}
hash: teesjv7ehpeSksspjimSdk43a7gnowlq
variants: {}
; ion: 1.59.0
libelf@0.8.11 I.I%bgeclcfgéaq?g,.?;ll version
=l1inux-ppc64
Abstract, normalized spec Concrete spec is fully constrained Detailed provenance stored

with some dependencies and can be passed to install with installed package



Spack handles combinatorial software complexity

Dependency DAG

mpileaks

5

\

11lpath
caripath \—p dyninst

libdwarf

| libelf

Installation Layout

opt

— spack

F— 1linux-rhel7-skylake
L— gcc-8.3.0

F— mpileaks-1.0-hc4smdvuzpmédznmvrfzridowZmkpheZe

F— callpath-1.0.4-daqqpssxb6gbfrztsezkmhus3xoflbsy
F— openmpi-4.1.4-ub4v26igxvxyn23hysmklfums6tgjvsr

F— dyninst-12.1.0-u64v261igxvxyn23hysmklfumséetgjvsr
F— libdwarf-20180129-u5eawkvaoc7vonabebnndkcfwuv233cj
L— 1libelf-0.8.13-x46g4wmd6ay4pltriijbgizxjrhbaka6

Each unique dependency graph is a
unique configuration.

Each configuration in a unique directory.
— Multiple configurations of the same
package can coexist.

Hash of entire directed acyclic graph
(DAG) is appended to each prefix.

Installed packages automatically find

dependencies

— Spack embeds RPATHSs in binaries.

— No need to use modules or set
LD_LIBRARY_PATH

— Things work the way you built them



Spack environments enable users to build customized stacks
from an abstract description

Simple spack.yaml file

spack:
# include external configuration
include:
- ../special-config-directory/
- ./config-file.yaml

# add package specs to the “specs’ list
specs:

- hdf5

- libelf

- openmpi

Concrete spack.lock file (generated)

{
"concrete_specs": {
"6s63s02kstp3zyviezglndmavy61l3nul": {
"hdf5": {
"version": "1.10.5",
uarch®: 4
"platform": "darwin",
"platform_os": "mojave",
"target": "x86_64"
I
"compiler": {
"name": "clang",
"version": "10.0.0-apple"
I
"namespace": "builtin",
"parameters": {
"cxx": false,
"debug": false,
"fortran": false,
"hl": false,
"mpi": true,

B

spack.yaml file with
names of required
dependencies

:>[ install }

l Dependency

\ 4

\ 4

B

i packages [ [

build
project

Lockfile describes
exact versions installed

» spack.yaml describes project requirements

» spack.lock describes exactly what versions/configurations were
installed, allows them to be reproduced.

» Can also be used to maintain configuration together with Spack

packages.

- E.g., versioning your own local software stack with consistent
compilers/MPI implementations

— Allows developers and site support engineers to easily version
Spack configurations in a repository
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Spack can generate multi-stage container build recipes

specs:

spack: l = Any SpaCk enVironment can be

iRl _ bundled into a container image
# Build stage with'igiglgtp;z:—é:sitzéied and ready to be used . . .
T o st 1 — Optional container section allows

# What we want to install and how we want to install it
# Select the format of the rec # is specified in a manifest file (spack.yaml)

# singularity or anything else RUN mkdir /opt/spack-environment \

finer-grained customization

format: docker &  (echo “spack:™ \
& echo " specs:"™ \
& echo " - gromacs+mpi" \
# Select from a valid list of & echo " - mpich" \
b . & echo " concretization: together" \
a§e' . 7n & echo " config:" \ . .
image: "centos: & echo "  install_tree: /opt/software" \ - G t d D k ﬁl m Itl_ t
spack: develop & echo " view: /opt/view") > /opt/spack-environment/spack.yaml enera e OC er e uses u S age

# Install the software, remove unecessary deps
# Whether or not to strip bina RUN cd /opt/spack-environment & spack install & spack gc -y

strip: true

builds to minimize size of final image
— Strips binaries

# Strip all the binaries
RUN find -L /opt/view/* —type f -exec readlink —f '{}' \; | \

# Additional system packages t xargs file -1 L|7 \ e . .

. grep 'charset=binary"' m d d b Id d h
os_packages: grep 'x-executable\|x-archive\|x-sharedlib' | \ - Re Oves unnee e u' eps Wlt
- libgomp awk -F: '{print $1}' | xargs strip -s k

X X # Modifications to the environment that are necessary to run Spac gc
# Extra instructions RUN cd /opt/spack-environment && \
extra instructions: spack env activate --sh -d . >> /etc/profile.d/z10_spack_environment.sh
final: |

RUN echo 'export PS1="\[$(tput bol # Bare 0S image to run the installed executables . Can aISO generate S|ngU|ar|ty reCIpeS
FROM centos:7
# Labels for the image COPY ——from=builder /opt/spack-environment /opt/spack-environment
labels: COPY ——from=builder /opt/software /opt/software
app: "gromacs" COPY ——from=builder /opt/view /opt/view

mpi: "mpich"

-y & yum install -y epel-release && yum update -y
-y libgomp \
cache/yum && yum clean all

=sCP == Spack containerize
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Spack has GitLab Cl integration to automate

package build pipelines T eedtiner.o

- compilers:
- '%gcc@5.5.0'

= 0Ses:
e Builds on Spack environments = SR
- os=centos?
— Support auto-generating GitLab CI jobs RS
— Canrun in a Kube cluster or on bare metal runners at an HPC site - {iﬂﬁﬁ;lﬂersl
- [$ ]
— Sends progress to CDash nirrores
cloud_gitlab: https://mirror.spack.io
gitlab-ci:
mappings:
- spack-cloud-ubuntu:
match:
- o0s=ubuntul8.04

Pipeline Jobs 123

Stage-0 Stage-1 Stage-2 Stage-3
runner-attributes:
() diffutils 36 gc.. © () bzip21.06 gecc... © (Y boost 1.69.0g.. © (¥) gdbm 1181 gc... © tags:
— spack-k8s
@ diffutils 3.6 gc... © @ bzip21.0.6 gcc... © @ boost 1.69.0g.. © @ gdbm1.181gc... © X P X
image: spack/spack_builder_ubuntu_18.04
(© gsl 25 gcc@5... © @ libxmi2298g.. © (D libtool 2.46 gc... © () libpciaccess 0.... © - spack-cloud-centos:
match:
@ gsl 2.5 gcc@5.... QO @ libxml2 298g.. © @ libtool 2.4.6 gc... © @ libpciaccess 0.... © - os=centos7
@ libiconv 115 gc... © @ m41.418gcc.. O @ readline 70 gc... © @ sqlite 3.26.0g... © runner-attributes:
tags:
(@ libiconv 115 gc... © (®ma1418gcc.. © (D readiine70gc.. © (D sdlite 3.260g.. © — spack-k8s
image: spack/spack_builder_centos_7
(@) libsigsegv 2.11... Q (Wncurses 6.1gc... Q@

cdash:
build—-group: Release Testing
url: https://cdash.spack.io
project: Spack
site: Spack AWS Gitlab Instance

@ libsigsegv 2.1 ... @ ncurses 6.1gc...

&P =2+ WKitware




spack test: write tests directly in Spack packages,

so that they can evolve with the software

class Libsigsegv(AutotoolsPackage, GNUMirrorPackage):
"""GNU libsigsegv 1s a library for handling page faults in user mode.

mmon

# ... spack package contents ...
extra_install_tests = ‘tests/.libs’

def test(self):
data_dir = self.test_suite.current_test_data_dir
smoke_test_c = data_dir.join(‘smoke_test.c’)

self.run_test(
‘cc’, [
"-I%s' % self.prefix.include,
"-L%s' % self.prefix.lib, '-lsigsegv’,
smoke_test_c,

] Ll

-0', 'smoke_test’

]

purpose="'check linking’)

self.run_test(
‘smoke_test’, [], data_dir.join('smoke_test.out’),
purpose=‘run built smoke test’)

self.run_test('sigsegvl': ['Test passed’], purpose='check sigsegvl output’)
self.run_test('sigsegv2': ['Test passed’], purpose='check sigsegvZ output’)

o \
\ EXASCALE
) COMPUTING
\ PROJECT

Tests are part of a regular Spack recipe class

Easily save source code from the package

User just defines a test() method

Retrieve saved source.
Link a simple executable.

Spack ensures that cc is a compatible compiler

Run the built smoke test and verify output

Run programs installed with package

48




spack external find (new in v0.15, updated for 0.16)

il s e S e Spack has has had compiler
execu es = ['cmake . .
detection for a while
@classmethod . . .
def determine_spec_details(cls, prefix, exes_in_prefix): - F|ndS COmpl|erS IN your PATH
exe_to_path = dict( .
(os.path.basename(p), p) for p in exes_in_prefix - Reg|SterS them for use
)
B & ke' 18 & t th: .
e « We can find any package now
cmake = spack.util.executable.Executable(exe_to_path['cmake']) - PaCkage deﬁnes:
o e + possible command narmes
tch = < h(r' ke. ion\s+(\S+) ', tput)
rin? ;atCh:’e search(r'cmake.*version\s+(\S+ outpu « how to query the command
version_str = match.group(1) _
return Spec('cmake@{0}'.format(version_str)) SpaCk searches fOr known

commands and adds them to

_ o configuration
Logic for finding external
installations in package. py e - Easily enable rapid setup of tools in
e an environment

- spec: cmake@3.15.1
prefix: /usr/local

= packages . yamlconfiguration
E(LP ==F
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spack develop lets developers work on many packages at once

« Developer features so far have focused on e A G L0
: . spack add myapplication
single packages (spack dev-build, etc.) Rk FENETaT SEGIER A

spack develop mfem@4.2.0
* New spack develop feature enables

development environments
- Work on a code $ 1s

— Develop multiple packages from its spack.yaml  axom/  mfem/
dependencies

— Easily rebuild with changes

$ cat spack.yaml

» Builds on spack environments spack:
. : , specs:
- Required changes to the installation model for — myapplication # depends on axom, mfem

dev packages

develop:
— axom @0.4.0
— mfem @develop

— dev packages don’t change paths with
configuration changes

— Allows devs to iterate on builds quickly
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Spack v0.18.0 was released at ISC in early June!

 Major new features:

1. --reuse enabled by default

* Reuse installed packages and build caches
« Use spack install --fresh to get the old behavior

Finer-grained spec hash + provenance
Better error messages
Unify when possible in environments

Windows support
New binary format + hardened package signing 0 github.com/spack/spack
Bootstrap mirror generation (for air gaps)

2
3
4
5. Cray manifest support
6
7
8
9. Makefile generation

377 contributors to packages!
85 contributors to core!

10. Conditional variant values and sticky variants
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Concretization is at the core of Spack! This problem is
NP-hard!

\N
Contributors I L R
| package.py repository
gy ¢ <y ° Newversions
& « new dependencies
* new constraints
=@concretizer

spack yaml default config

developers packages.yaml

ppppp

admins, local preferences config
users packages.yaml

users Sl cnvironment config spack. yaml

Concrete spec is
fully constrained
Command line constraints and can be built.

spack install hdf5@1.12.0 +debug
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Crash course in ASP

» ASP syntax is derived from Prolog
» Basic piece of a program is a term

« Terms can easily represent any data
structure, e.g. this is a graph with:

— 2 nodes, one with a variant value

— 1 dependency edge

» Terms followed by "." are called facts

— Facts say "this is true!"

enable_some_feature.

node("lammps™).

node("cuda").

variant_value("lammps"”, "cuda", "False").

depends_on("lammps"”, "cuda", "link").
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Crash course in ASP

* ASP programs also have rules.

— Rules can derive additional facts.

e :-can be read as "if"

— The head (left side) is true
— If the body (right side) is true

« Comma in the body is like "and"

— Writing same head twice is like "or"

o Capital words are variables

— Rules are instantiated with all possible substitutions
for variables.

node(Dependency) :- node(Package), depends_on(Package, Dependency, Type).

node("cuda™)

<

node("lammps™).
depends_on("lammps"”, "cuda", "link").
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Crash course in ASP

* Constraints say what cannot happen

path(A, B) :- depends_on(A, B).

:- path(A, B), path(B, A).

path(A, C) :- path(A, B), depends_on(B, ).

% this constraint says "no cycles”

* Choice rules give the solver freedom to choose from possible options:

% if a package is in the graph,

exactly one version

% out of that package's possible versions
1 { version(V) : possible_version(Package, V) + 1 :- node(Package).
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ASP searches for stable models of the input program

e Stable models are also called answer sets

» A stable model (loosely) is a set of true atoms that can be
deduced from the inputs, where every rule is idempotent.

— Similar to fixpoints
— Put more simply: a set of atoms where all your rules are true!
e Unlike Prolog:

— Stable models contain everything that can be derived (vs. just querying values)

— ASP is guaranteed to complete!
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Spack’s concretizer is now implemented in ASP

» Used Clingo, the Potassco grounder/solver package

* ASP program has 2 parts:

1. Large list of facts generated from package recipes (problem instance)
» 60k+ facts is typical — includes dependencies, options, etc.

2.  Small logic program (~700 lines of ASP code)

 Algorithm (the part we write) is conceptually simpler:
— Generate facts for all possible dependencies

— Send facts and our logic program to the solver
— Rebuild a DAG from the results

0
1
2
3
4
5
6
7
8
9
1

Some facts for HDF5 package
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Spack DSL allows declarative specification of complex constraints

CudaPackage: a mix-in for packages that use CUDA

class (PackageBase):
variant('cuda', default= ,
description="Build with CUDA")

variant('cuda_arch’,
description="'CUDA architecture’',
values=any_combination_of(cuda_arch_values),
when="+cuda')

depends_on('cuda', when="+cuda')

depends_on('cuda@9.0: ", when="cuda_arch=70")
depends_on('cuda@9.0: ", when="'cuda_arch=72")
depends_on('cuda@10.0: ", when="cuda_arch=75")

conflicts('%gcc@:', when='+cuda Acuda@:10.2.89 target=x86_64:")
conflicts('%gcc@:', when='+cuda Acuda@:10.1.243 target=ppcb4dle:')

There is a lot of expressivity in this DSL.

cuda is a variant (build option)

cuda_arch is only present
if cuda is enabled

dependency on cuda, but only
if cuda is enabled

constraints on cuda version

compiler support for x86_64
and ppco4le
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Many packaging systems reuse builds via metadata hashes

/, _ mpi
mpileaks v | libdwarf e H
. ibduar ash matches are ve
I callpath | g1 =% T 1. Resolve metadata .y Y
! . dyminst : —) Libelf sensitive to small changes
: : : : : : 2. Create per-node hashes . .
! | ! ! ! ; e In many cases, a satlsfylng
: : : : l cwx4qwk4bkamf4gjrglmxfu3bhasyt74 cached or already installed Spec
: : : : go2af23r2npatxdtna3fmwkeennywixp can be missed
1 I I !
| | ! kayungxwa6i jubivFpbjpmrrbzyqcoot _————_« Nix, Spack, Guix, Conan, and
| | I .
! i v | ~__ 4 ofthersreuse this way
: : 4xxvh51dm7gm32ngtixcm2odaer3cvvb
: v
|
1
\/

74mwnxgn6énujehpyyalhwizwojwn5zga PaCKage
0o »~  cache

6zvh4ueem6f5Syrcfugh67kZhrtxbgbcs
yrers I 3. Query for exact hash match
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We can be more aggressive about reusing packages.

* First, we need to tell the solver about all the installed packages!
« Add constraints for all installed packages, with their hash as the associated ID:

installed_hash("openssl","lwatuuysmwkhuahrncywvn77icdhsémn”

imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint

imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint
imposed_constraint

EXASCALE
COMPUTING
PROJECT

ECP

"lwatuuysmwkhuahrncywvn?77icdhsémn
"lwatuuysmwkhuahrncywvn77icdhsémn™
"lwatuuysmwkhuahrncywvn77icdhsémn™
"lwatuuysmwkhuahrncywvn77icdhsémn™
"lwatuuysmwkhuahrncywvn77icdhsémn™
"lwatuuysmwkhuahrncywvn77icdhsémn”
"lwatuuysmwkhuahrncywvn77icdhsémn"
"lwatuuysmwkhuahrncywvn77icdhsémn™
"lwatuuysmwkhuahrncywvn771icdhsémn™
"lwatuuysmwkhuahrncywvn77icdhsémn”
"lwatuuysmwkhuahrncywvn?77icdhsémn”
"lwatuuysmwkhuahrncywvn?77icdhsémn™

node" , "openssl”

"version","openssl","1.1.1g"
"node_platform_set","openssl”,"darwin"
"node_os_set" ,"openssl","catalina"
"node_target_set","openssl”,"x86_64"
"variant_set","openssl","systemcerts","True").
"node_compiler_set","openssl","apple-clang"
"node_compiler_version_set", "openssl","apple-clang","12.0.0").
"concrete","openssl”
"depends_on","openssl","zlib","build"
"depends_on","openssl","zlib","1ink"
"hash","zlib","x2anksgssxsxa7pcnhzg5k3dhgacglze").
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Telling the solver to minimize builds is surprisingly simple:

it's just the impose half of a generalized condition.

1. Allow the solver to choose a hash for any package:

hash(Package, Hash installed_hash(Package, Hash 1 node(Package

2. Choosing a hash means we impose its constraints:

impose(Hash hash(Package, Hash

3. Define a build as something without a hash:

build(Package hash(Package, _), node(Package

4. Minimize builds!

1@100,Package : build(Package
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With and without reuse optimization Note the bifurcated

optimization criteria

spackle):solver solve -Il hdf5
==> Best of 9 considered solutions.
==> Optimization Criteria:

Priority Criterion Installed ToBuild
number of packages to build (vs. reuse) 20
deprecated versions used ()
version weight
number of non-default variants (roots)
preferred providers for roots
default values of variants not being used (roots)
number of non-default variants (nhon-roots)
preferred providers (non-roots)
compiler mismatches
0S mismatches
non-preferred 0S's
version badness
default values of variants not being used (non-roots)
non-preferred compilers
target mismatches
non-preferred targets

spackle):spack solve --reuse -Il hdf5
==> Best of 10 considered solutions.
==> Optimization Criteria:

Priority Criterion Installed ToBuild
number of packages to build (vs. reuse)
deprecated versions used
version weight
number of non-default variants (roots)
preferred providers for roots
default values of variants not being used (roots)
number of non-default variants (non-roots)
preferred providers (non-roots)
compiler mismatches
0S mismatches
non-preferred 0S's
version badness
default values of variants not being used (non-roots)
non-preferred compilers
target mismatches
non-preferred targets

[SACSICSIESS IS IS IS IS IS IS IS IS IS IS S I
=

[SICSRSTSR SIS IS IS IS RS IS RS B ST S
(SISO I o) IS IS TS IS TN IS IS IS TS IS
OO PO M

hdf5@1.10.7 ~cxx~fortran~hl~ipo~java+mpi+shared~szip~threadsafe+tools api=default Y ; ) )
Acmake@3 .21 .4 ~doc+ncurses+openssl+ownlibs~qgt build_type=Release hdf5@1.10.7 ~cxx~fortran~hl~ipo~java+mpi+shared~szip~threadsafe+tools api=defaul

Ancurses@é . 2 ~symlinks+termlib abi=none Acmake@3.21.1 ~doc+ncurses+openssl+ownlibs~qt build_type=Release
Apkgconf@l. 8.0 Ancurses@§‘c ~5ym11nksvtermalb abi=none
Aopenss1@1.1.11 ~docs certs=system Aopenss1@1.1.11 ~docs+systemcerts
Aperl@5.34.0 +cpanm+shared+threads Az1lib@1.2.11 +optimize+pic+shared
Aberkeley-db@18.1.40 +cxx~docs+stl patches=b231fcc4d5cff@5e5c3a4814 Aopenmpi@4.1.1 ~atomics~cuda~cxx~cxx_exceptions+gpfs~internal-hwloc~java~leg
Abzip2@1.0.8 ~debug~pic+shared AhWIil'b w.g gEps Nralr0~cuda;glwl1budev+Ltoxm12~netloc~nvmL~opencl~pc1~rocm+
Adiffutils@3. g ibxml2@2.9.12 ~python
Alibiconv@l. 16 libs=shared,static Alibiconv@l.16 libs=shared,static
Agdbm@1 .19 @5.2. ~pic libs=shared,static
Areadline@g8. 1! @ :
Az1ib@1.2 .11 +optimize+pic+shared Alibevent@2.1.12 +openssl
Aopenmpi@4.1. 1 ~atomics~cuda~cxx~cxx_exceptions+gpfs~internal-hwloc~java~legac Aopenssh@g . 6pl
Ahwloc@2.6.0 ~cairo~cuda~gl~libudev+1libxml2~netloc~nvml~opencl~pci~rocm+shd Alibedit@3.1-20210216
Alibxm12@2.9.12 ~python Aperl@5.34.0 +cpanm+shared+threads
Axz@5.2.5 ~pic libs=shared,static Aberkeley-db@18.1.40 +cxx~docs+stl patches=b231fcc4d5cff@5e5c3a4814f
Alibevent@2.1.12 +openssl Abzip2@1.0.8 ~debug~pic+shared
Aopenssh@g. 7pl! Agdbm@1 .19
Alibedit@3.1-20210216 Areadline@g.1

Pure hash-based reuse: all misses With --reuse: 16 packages were reusable

o \
\ EXASCALE
/ COMPUTING
\ PROJECT




So far, it looks like we can handle very large problem sizes
with the reusing solver et colve

+ Cumulative distribution | FF |
of setup and solve times

* Hypothesis: we don'’t |
see big combinatorial

blow-up b/c we're strict
about dependency

Package count
Package count

2000 A 2000

hashes
1000 4 1000 A
b Next: try mlxed ABI, but —— 6804 cached pks —— 6804 cached pks
prefer "pure" source- e 27160 cached e
built dependencies 1 63099 cached pks 01 — 63099 cached pks
0 20 40 60 80 100 120 0 5 10 15 c 20 25 30 35
Sec ec
Most of the time is spent in setup Even with 63k packages in a repo,
(reading data in Python — can be sped up w/caching) nearly all package solves take <10 sec
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What does the Spack project look like?

External Stacks Vis
E4S AWS . xSDK SDK App o
'ii'. Package Recipes

‘5}1‘15' Core tool (CLI + Solver)

Spack Community 2 2522 L2222 Q% 25
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Cl has made Spack builds much more reliable!

@ Spac!< Contributions > V/ gitlab.spack.io w *“Sagﬁnaeilf’ir?iﬁ'é“
on GitHub = h J | ppc64le, GPU pipelines
> e a

(over 1,000 contributors) U. Oregon

¢

Pipelines at LLNL

SpCle C-i. J ! 2 (Cray PE soon)

spc:c_ck.ytgml GitLab CI builds (changed) packages
v @ ci/gitlab/gitlab.spack.io — Pipeline passed on GitLab (Ezgn ég[l),l}l'(a&"l%v?/s . On every pull request

On every release branch
others) y

Do users really need to build from source?

= 65




With v0.18, Spack has a public binary cache

# latest v@.18.x release binaries
spack mirror add https://binaries.spack.io/releases/v0.18

# rolling release: bleeding edge binaries
spack mirror add https://binaries.spack.io/develop

e Over 3,000 builds in the cache so far:

— Amazon Linux 2 x86 64 v4
— Amazon Linux 2 aarcho4

— Amazon Linux 2 graviton2

— Ubuntu 18.04 x86 64

Do we trust binaries?




We aim to lower the burden of maintaining a binary distribution
and make it easy to mix source builds with binaries.

Traditional %ﬁ |:> Qa

package manager -
Recipe per Build farm Portable (unoptimized)

package configuration x86_64 binaries
(need rewrites for new systems)

Optimized |:> zlg ZIE KIE Many
l[: a a Tirn, Graviton2 binaries OO ‘3 M3 goftware stacks
@ a :/I\ Optimized |:> zlg ZIE TE Built for specific:
Spack Pparameterized recipe Skylake binaries N — R = Systems
Build farm / CI T

One software stack
upgraded over time

per package Ontimized S — Co(r)ngjlers
Same recipe evolves for all targets ptimize |:> zl zl S
( g gets) s GPU binaries ZIE =S \= MPIs
etc.
Q Users/developers can also build directly from source ﬁ
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Our infrastructure enables us to sustainably manage a
binary distribution

Public, signed binaries in

Untrusted S3 buckets CloudFront distribution
Internal per-PR build caches https://binaries.spack.io
github/pr-28468 ]—[ github/pr-28469 develop ]—[ releases/v0.18
Contributors submit Maintainers review PRs Rebuild and Sign
package changes « Verify PR build succeeded « Published binaries built
« Iterate on builds in PR - Review package code ONLY from approved code
- Caches prevent « Merge to develop * Protected signing runners

unnecessary rebuilds * Ephemeral keys

* Moves bulk of binary maintenance upstream, onto PRs
— Production binaries never reuse binaries from untrusted environment
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Why should we care about this for our HPC codes?

LLNL ARES

v [
Types of Packages

LLNL, Internal )[ LLNL, Open Source] External, Open Source

Our codes use a lot of external software 30 12 71
— Most packages are external open source
— Many LLNL packages are also open source and developed in the open

We cannot replace all these OSS components with our own
— How do we vet all these components?

Key question: Who/what do you trust to validate the components?
— Current processes are not scalable and not automated!
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We will continue scaling this infrastructure out!

* We are doing 40k builds per week!
— There are lots of optimizations left to do on the build pipelines
— We think we can eventually scale to all 6,400 Spack packages

e Goal: make source builds unnecessary for most users
— Source builds are optimized for x86_64 v4 (avx512), graviton, etc.
— Source builds will still be seamless — key for reproducibility
— Use spack develop to tweak (almost) any binary you can install

* We will keep scaling OS, compiler, and arch support
— Current crop of compilers and OS’s is a bit old — expect a refresh

Job Times, Overview

— Cray PE build coming soon! -

« Amazon Linux 2 builds work on AWS ParallelCluster Build stats at
NOW! https://stats.e4s.io
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A Notional Secure Pipeline ) Binay
Packages

O Open Source Tarballs, other sources 4:‘[> &‘ |

Contributions =O- Git commits Verify

; S = & >

_ LJ
T Scan Build Slgn Scan
LI container
Images
Spack has 6,500 packages,
with many updates per day. @
by
Container Sign

Build
» We are working to establish a set of guidelines for supply chain integrity

— Labs are trending towards GitLab, Spack for HPC
— Standard container formats can help with scanning

— Standard Software Bill of Materials (SBOM) format could help sites
cross-validate codes

e Spack can help to standardize some of this.

Verify



Spack’s long-term strategy is based around
broad adoption and collaboration

Not sustainable without a community
— Broad adoption incentivizes contributors

— Cloud resources and automation absolutely necessary , /s Azure
o8 .
FUJITSU

* Preserves build knowledge in a cross-platform,
reusable way

— Minimize rewriting recipes when porting QE

NNNNNNNN
AAAAAAAAAA

. . nVIDIA,
« Cl ensures builds continue to work as packages

evolve
- Keep packages flexible but verify key configurations

* Growing contributor base and automation are
the top priorities

— 377 contributors to 0.18 release! BERKELEY LAB arm %OAK RIDGE

National Laboratory

Sandia
National _
Laboratories
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E4S Summary
What E4S is not

A closed system taking contributions only from DOE
software development teams.

\What E4S is

Extensible, open architecture software ecosystem accepting
contributions from US and international 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.
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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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Vision for E4S Now and in the Future

 E4S has emerged as a new top-level component in the DOE HPC community, enabling
fundamentally new relationships

* E4S has similar potential for new interactions with other US agencies, US industry and international
collaborators. NSF and UK are examples

» The E4S portfolio can expand to include new domains (ML/AI), lower—level components (OS), and
more.

* E4S can provide better (increased quality), faster (timely delivery of leading-edge capabilities) and
cheaper (assisting product teams)
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Performance Research Laboratory, University of Oregon, Eugene

PROJECT

s P = www.uoregon.edu
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http://www.uoregon.edu/

QupRet.Acknowledgements

— ANL

— Office of Science contracts, ECP Argon ne ° ’;\\\ \

- SciDAC, LBL contracts NATIONAL LABORATORY — \(\ |- Z\

—  LLNL-LANL-SNL ASC/NNSA contract » Office of L e e AsSC

Science

— Battelle, PNNL and ORNL contract U.S. DEPARTMENT OF ENERGY

 EU: ADMIRE EuroHPC Project . Sandia A
f** **ﬁj .

- Department of Defense (DoD) cx pi5i EuroHPC @ Lmores * Los Alamos

— PETTT, HPCMP

» National Science Foundation (NSF)
- SI2-SSI, Glassbox

« NASA
e CEA, France

OAK
Pacific Northwest RIDGE

NATIONAL LABORATORY

National Laboratory

* Industry: AMD, ARM, Intel, NVIDIA, IBM

THE OHIO STATE FORSCHUNGSZENTRUM
UNIVERSITY

A )ULICH

* Partners:
-University of Oregon
-The Ohio State University
-ParaTools, Inc. oroeor - mEUNIVERSITYSTENNESSEE W Paratools
-University of Tennessee, Knoxville l
-T.U. Dresden, GWT
~Jillich Supercomputing Center @ VERS

U

_— \ 4
\ EXASCALE J
) COMPUTING
\ PROJECT
e

_—




Thank yOU: ADMIRE https://admire-eurohpc.eu

@)JiLicH = .
J sssssssssssssss J,I'/ \ :
@3’ UNIVERSITAT J %
BRI (s’ DARMSTADT £ M
: stonia |
o NIVERSITAT o ‘ a, : o eme—
Odon — - * * 5
ParaTools I ¢ * _J
Uk ok

ucdm

COMPUTER

Portug; / . .c o~
Universidad SHa) )
Carloslll 4 .
de Madrid e
@ Cyprus

Malta

The ADMIRE project has received funding from the European High-Performance Computing Joint
Undertaking (JU) under grant agreement No 956748. The JU receives support from the European
Union’s Horizon 2020 research and innovation programme and Spain, Germany, France, ltaly,
Poland, and Sweden.

o \
\ EXASCALE
) COMPUTING
\ PROJECT

77




T h dan k yO u https://www.exascaleproject.org

This research was supported by the Exascale Computing Project (17-SC-20-SC), a joint project of
the U.S. Department of Energy’s Office of Science and National Nuclear Security Administration,
responsible for delivering a capable exascale ecosystem, including software, applications, and
hardware technology, to support the nation’s exascale computing imperative.
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Thank you to all collaborators in the ECP and broader computational science communities. The
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passionately working toward next-generation computational science.
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