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Managing HPC Software 
Complexity with Spack

HPCIC26 Tutorial
July 7-8, 2025

The most recent version of these slides can be found at:
https://spack -tutorial.readthedocs.io

Gregory Becker, Alec Scott, Kathleen Shea, Caetano Melone, 
and Todd Gamblin

LLNL-PRES-806064

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


2LLNL-PRES-806064

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow
#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

Join #tutorial on Slack:  slack.spack.io       Materials: spack-tutorial.readthedocs.io

Todd Gamblin
LLNL

Kathleen Shea
LLNL

Greg Becker 
LLNL

LLNL-PRES-806064

Alec Scott
LLNL

Caetano Melone
LLNL



3LLNL-PRES-806064

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow
#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

Join #tutorial on Slack:  slack.spack.io       Materials: spack-tutorial.readthedocs.io

Find these slides and associated 
scripts here:

https:// spack-tutorial.readthedocs.io

Join us on Slack

Å https:// slack.spack.io

Å Join the #tutorial channel!

ÅYou can ask questions here after the 
conference is over.

ÅOver 3,800 people can help you on Slack!

Tutorial Materials

https://spack-tutorial.readthedocs.io/
https://spack-tutorial.readthedocs.io/
https://spack-tutorial.readthedocs.io/
https://spack-tutorial.readthedocs.io/
https://slack.spack.io/
https://slack.spack.io/
https://slack.spack.io/
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Claim a VM Instance

ssh spack2@35.91.36.120

spack.io /tutorial -vms

Claim a login by putting your name in the Google Sheet

fŉШǃŸƨќƖĲШŔŰШƣőĲШspack2 column,
your login and password are
both spack2
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Agenda (Approximate)

Day 1 Day 2
Intro 9:00 am 
Basics 
Concepts 
Break 10:30 am
Environments 10:35 am
Configuration
End 12:00 pm

Software Stacks  9:00 am 
Packaging 
Break 10:30 am
Developer Workflows  10:35 am
Mirrors & Binary Caches
End 12:00 pm
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Modern scientific codes are built from hundreds 
of small, complex pieces
џsƨƚƣЮƽőĲŰЮƽĲѢƖĲЮƚƣċƖƣŔŰŊЮƣŸЮƚŸũƻĲЮƣőĲЮƓƖŸĤũĲůЮŸŉЮőŸƽЮƣŸЮĦƖĲċƣĲЮƚŸŉƣƽċƖĲЮƨƚŔŰŊЮƖĲƨƚċĤũĲЮƓċƖƣƚеЮŔƣЮ
founders on the nuts-and-ĤŸũƣƚЮƓƖŸĤũĲůƚЮŸƨƣƚŔĬĲЮƣőĲЮƚŸŉƣƽċƖĲЮŔƣƚĲũŉдѠ

P. DuBois & T. Epperly. ìőǃЮsŸőŰŰǃЮ9ċŰѢƣЮ7ƨŔũĬ. Scientific Programming. Sep/Oct 2003.

ÅComponent-ĤċƚĲĬШƚŸŉƣƽċƖĲШĬĲƻĲũŸƓůĲŰƣШĬċƣĲƚШĤċĦťШƣŸШƣőĲШΣΜќƚ
ÅM.D. McIlroy, Mass Produced Software Components. NATO SE Conf., 1968

ÅPros are well known:
ÅÑĲċůƚШĦċŰШċŰĬШůƨƚƣШƖĲƨƚĲШĲċĦőШŸƣőĲƖƚќШƽŸƖť
Å Teams write less code, meet deliverables faster

ÅCons:
Å Teams must ensure that components work together
Å Integration burden increases with each additional library
Å Integration must be repeated with each update to components
ÅComponents must be vetted!

ÅManaging changes over time is becoming intractable

Build-time incompatibility;  fail fast

Appears to work; subtle errors later
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Modern scientific codes rely on icebergs of 
dependency libraries

71 packages
188 dependenciesLBANN: Neural Nets for HPC

MFEM: 
Higher-order finite elements

31 packages,
69 dependencies

r-condop : 
R Genome Data Analysis Tools

179 packages,
527 dependencies
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Modern software integrates open source
and internal packages

ÅMost modern software uses tons  of open source

ÅWe cannot replace all these OSS components with our own
ÅHow do we put them all together effectively?
ÅDo you have to integrate this stuff by hand?
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Å1:1 relationship between source code and binary (per platform)
ÅGood for reproducibility (e.g., Debian)
ÅBad for performance optimization

ÅBinaries should be as portable as possible
ÅWhat most distributions do
ÅAgain, bad for performance

ÅToolchain is the same across the ecosystem
ÅOne compiler, one set of runtime libraries
ÅOr, no compiler (for interpreted languages)

Some fairly common (but questionable) 
assumptions made by package managers
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ÅOften build many variants of the same package
Å?ĲƻĲũŸƓĲƖƚќШĤƨŔũĬƚШůċǃШĤĲШƻĲƖǃШĬŔŉŉĲƖĲŰƣ

ÅMany first-time builds when machines are new

ÅCode is optimized for the processor and GPU
ÅMust make effective use of the hardware
ÅCan make 10-100x perf difference

High Performance Computing (HPC) violates 
many of these assumptions

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

Å Rely heavily on system packages
Å Need to use optimized libraries that come 

with machines
Å Need to use host GPU libraries and network

Å Multi -language
Å C, C++, Fortran, Python, others 

all in the same ecosystem

Lawrence Livermore
National Lab

AMD Zen / MI300A
Oak Ridge National Lab

AMD Zen / MI250X
RIKEN

Fujitsu ARM a64fx

Fugaku

Argonne National Lab
Intel Xeon / Xe
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ÅContainers provide a great way to reproduce and distribute an 
already -built software stack

ÅSomeone needs to build the container!
ÅÑőŔƚШŔƚŰќƣШƣƖŔƻŔċũ
ÅContainerized applications still have hundreds of dependencies

ÅUsing the OS package manager inside a container is insufficient
ÅMost binaries are built unoptimized
ÅGeneric binaries, not optimized for specific architectures

ÅHPC containers may need to be rebuilt  to support many
different hosts, anyway.
ÅNot clear that we can ever build one container for all facilities
Å9ŸŰƣċŔŰĲƖƚШũŔťĲũǃШƽŸŰќƣШƚŸũƻĲШƣőĲШ -platforms problem in HPC

What about containers?
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Spack enables Software distribution for HPC

$ git clone -- depth=2 https://github.com/spack/spack
$ spack  install hdf5

No installation required: clone and go

Simple syntax enables complex installs

$ spack install hdf5 @1.10.5 $ hdf5 @1.10.5 cppflags =" - O3 Ƶg3"

$ 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

ÅPackages are parameterized , so that users can easily tweak and tune configuration
ÅEase of use of mainstream tools, with flexibility needed for HPC
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Who can use Spack?

People who want to use or distribute software for HPC!

1. End Users of HPC Software
τ Install and run HPC applications and tools

2. HPC Application Teams
τManage third-party dependency libraries

3. Package Developers
τ People who want to package their own software for distribution

4. User support teams at HPC Centers
τ People who deploy software for users at large HPC sites
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Spack is a part of the 
High Performance Software Foundation (HPSF)
ÅProject has a neutral legal entity
Å501(c)(6) non-profit company

ÅProject has a Technical Steering Committee (TSC)
ÅCharter mandates TSC to make decisions
ÅGovernance defined at github.com/spack/governance

ÅTrademark (Spack name, logo) assigned to Linux 
Foundation

ÅProject resources owned by Linux Foundation
Åspack.io website
ÅGitHub Organization
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Spack sustains the HPC software ecosystem with 
the help of many contributors

Over 8,900 software packages
Over 1,600 contributors

Contributors continue to grow worldwide!

2023 aggregate documentation user counts from GA4
(note: yearly user counts are almost certainly too large)
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One month of Spack development is pretty busy!



17LLNL-PRES-806064

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow
#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

Join #tutorial on Slack:  slack.spack.io       Materials: spack-tutorial.readthedocs.io

2016
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2026
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ÉƓċĦťќƚ widespread adoption has made it a de facto standard, 
drawing contribution and collaboration from vendors

ÁAWS is investing significantly in cloud credits for Spack
τ Supporting highly scalable cloud CI system with ~250k+/year in credits
τ Integrating Spack with ParallelCluster product 
τ Joint Spack tutorial with AWS drew 125+ participants

ÁGoogle is using Spack in their HPC Toolkit cloud cluster product
τ List packages to deploy; automatically built and cached in cluster deployment

ÁAMD has contributed ROCm packages and compiler support
τ 55+ PRs mostly from AMD, also others
τ ROCm, HIP, aocc packages are all in Spack now

ÁHPE/Cray is allowing us to do CI in the cloud for the Cray PE environment
τ Looking at tighter Spack integration with Cray PE

Á Intel contributing OneApi support and licenses for our build farm

ÁNVIDIA contributing NVHPC compiler support and other features

ÁFujitsu and RIKEN have contributed a huge number of packages for ARM/a64fx support 
on Fugaku

ÁARM and Linaro members contributing ARM support
τ 400+ pull requests for ARM support from various companies


