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Tutorial Materials
@ Spack  Tutorial: Spack 101

latest This is an introduction to Spack with lectures and live demos. It was last
- . - and Experience in Advanced Research Computing (PEARC) 25 Conferel
Find these slides and associated 3 was a full-day tutorial
Scrlpts here - You can use these materials to teach a course on Spack at your own sit
BIRKS and read the live demo scripts to see how Spack is used in practice.
https:// spack-tutorial.readthedocs.io Main Spack Documentation e Slides

TUTORIAL AN ManugmgHPCSolkuu- W Download Slides .

Compl&ity with Spagk

Basic Installation Tutorial Full citation: Todd Gamblin, Alec Scott, Kathleen

=—— Managing HPC Software Complexity with Spack.

1 Environments Tutorial A
‘JO In US O n SIaCk Advanced Research Computing 2025 (PEARC25)
Configuration Tutorial 2025

A httlQ S M S I a g k Sp a g k| Q Package Creation Tutorial Video

Stacks Tutorial
For the last recorded video of this tutorial, see the HPCIC Tutorial 2024

A Join the#tutorial channel! Developer Workflows Tutorial
) , Live Demos
Binary Caches Tutorial
A YOU can a.Sk q UeStionS here af'[el‘ the Scripting with Spack We provide scripts that take you step-by-step through basic Spack task

. sections in the slides above.
conference is over.

ADDILIONANSECTIONS To run through the scripts, we provide the spack/tutorial container imag

Module Files Tutorial

A Over 3’800peop|e can help you on SIaCkI $ docker pull ghcr.io/spack/tutorial:pearc25

Spack Package Build Systems $ docker run —it ghcr.io/spack/tutorial:pearc25

Advanced Topics in Packaging

to start using the container. You should now be ready to run through ou
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Claim a VM Instance

A B Cc D E

—

Spack Tutorial VM Instances

2 Instructions: 1. Put your name in a box below to claim an account on a VM instal

3 2. Log in to your VM:

4 ssh <IP address> , . , z .,

S Login/password are both the username from your column below f nl! Ye ISdaCk]Zﬂd)la I'U“.,U G] 0 Jl
6 your login and password are

7 Login / Password both spack2

8 IP Address spack1 spack2 spack3 spack4

9  35.90.43.21 ——

10 35.91.36.120 C |Your Name

11 34.217.149.171 = k

ssh spack2@35.91.36.120

Claim a login by putting your name in the Google Sheet
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Agenda (Approximate)

Day 1 Day 2

Intro 9:00 am Software Stacks 9:00 am
Basics Packaging

Concepts Break 10:30 a
Developer Workflows 10:35 am
Environments 10:35 am Mirrors & Binary Caches

Configuration

i m - - - - - -
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Modern scientific codes are built from hundreds

of small, complex pieces

usat qtos 6 JUIOs UBI IOt q¢c | qRUNIOq Y IOt Y@ 2 1IJK0q 6 IJKOGI Y H{ K
founders on the nutsand-H Y G qt KOGl YHG JGt IOYea qt RI JKOq6 IOt Ynfs ¢

P. DuBois & TEpperly.i 6! 10s Y6 UU ! HOSaiehtifts @iGfseniitigl Sep/Oct 2003.

A Component-Hc¢t T W Yngs ¢!l W 20 YGGWUaqLWI ¢

A M.D. Mcllroy,Mass Produced Software ComponentsNATO SE Conf., 1968 ‘ . _
A Pros are well known: z Q

ANRDcecOGt wWarcUWeUT Waet qWw Yet JWIecHSWY q6 Il t k Ws
A Teams write less code, meet deliverables faster

A Cons:

A Teams must ensure that components work together

A Integration burden increases with each additional library

A Integration must be repeated with each update to components
A Components must be vetted!

A Managing changes over time is becoming intractable Appears to work: subtle errors later

Build-time incompatibility; fail fast

= HPSF
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Modern scientific codes rely on icebergs of
dependency libraries

71 packages
MFEM P J

LBANN: Neural Nets for HPC 188 dependencies

31 packages,
69 dependencies

_ — L
W |
m:én ==t u&m\m —
oz ==
r-condop : fa == N
R Genome Data Analysis Tools S / N4




JEE N .

Modern software integrates open source
and internal packages

_

Types of Packages

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

AMost modern software usestons of open source

AWe cannot replace all these OSS components with our own

A How do we put them all together effectively?
A Do youhaveto integrate this stuff by hand?

L Li - : : : : : :
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Some fairly common (but questionable)
assumptions made by package managers

A1:1 relationship between source code and binary (per platform)

A Good for reproducibility (e.g., Debian)
A Bad for performance optimization

ABinaries should be as portable as possible

A What most distributions do
A Again, bad for performance

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

L Li - : . : : . :
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High Performance Computing (HPC) violates
many of these assumptions

A Often build many variants of the same package A Code is typically distributed as source
A210200YGI1 + k WAz RGT + wae! WA d2Wth exggptignofvendey ibgries, compilers

A Many firsttime builds when machines are new A Rely heavily on system packages

A Code is optimized for the processor and GPU A N.eecl to use optimized libraries that come
with machines

A Must make effective use of the hardware A Need to use host GPU libraries and network

A Can make 10100x perf difference .
P A Multi -language

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

%O Rinpe

%) ENERGY | mi I'WJN THER

———

Lawrence Livermore

National Lab Oak Ridge National Lab _RIKEN Argonne National Lab
AMD Zen / MI300A AMDZen/ MI250X Fujitsu Intel / Xe
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What about containers?

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

A Someone needs to build the container!
ANG6 Rt WRt Uk qllgl R2Rc¢ 0
A Containerized applications still have hundreds of dependencies

A Using the OS package manager inside a container is insufficient d k
o . - oCcKer

A Most binaries are built unoptimized

A Generic binaries, not optimized for specific architectures 0 ‘
A I—I_PC containers may need to be rebuilt to support many Charliecloud h

different hosts, anyway. ‘
A Not clear that we can ever build one container for all facilities
SHIFTER

Ao9YUqc¢c RUWI t WG Rt J-platitimsyptbklemllt HPG 2 1J Wq 6 1J W
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Spack enables Software distribution for HPC @

No installation required: clone and go

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

Simple syntax enables complex installs

$ spack installhdf5 @1.10.5 $ hdf5 @1.10.5 cppflags ="- 03 Zg3"
$ 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

APackages areparameterized , so that users can easily tweak and tune configuration
AEase of use of mainstream tools, with flexibility needed for HPC

M Lawrence Livermore = pipgpE
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Who can use Spack?

People who want to use or distribute software for HPC!

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

2. HPC Application Teams
1 Manage thirdparty dependency libraries

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

4. User support teams at HPC Centers
1 People who deploy software for users at large HPC sites

L L o vee] . . . . . .
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Spack Is a part of the
High Performance Software Foundation (HPSF)

AProject has a neutral legal entity
A501(c)(6) nonrprofit company

AProject has a Technical Steering Committee (TSC)
A Charter mandates TSC to make decisions

A Governance defined afgithub.com/spack/governance m— =as

ATrademark (Spack name, logo) assigned to Linux =TI} :orrvc rocnoation
Foundation
THE
AProject resources owned by Linux Foundation L LINUX
A spack.io website FOUNDATION

A GitHub Organization

L Li o vee] . . . . . .
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Spack sustains the HPC software ecosystem with
the help of many contributors

COUNTRY USERS Over 8,900software packages
United States 23K Over 1,600contributors
Germany 5.3K e =

crine P =

India 4.5K 250000 | W' aaaaaaa " -

;ited Kingdom 3.3K f 20000 E m ;

: ;ance 3K § o001
;\pan 2.4K e
2023 aggregate documentation user counts from GA4 0

(note: yearly user counts are almost certainly too large)

Contributors continue to grow worldwide!

L L o vee] . . . . . .
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One month of Spack development Is pretty busy!
October 16, 2025 - November 16, 2025 Period: 1 month ~

Overview

504 Active pull requests 23 Active issues
f- 361 {1143 “ 8 15
Merged pull requests Open pull requests Closed issues New issues
Summary Top Committers PP,
Excluding merges, 116 authors have pushed 361 100

commits to develop and 402 commits to all branches.
50

Commits

On develop, 848 files have changed and there have I
been 7,676 additions and 1,868 deletions . I I I T

ER s RS0 = @lE
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2016

LOC in Spack packages over time (by institution)

30000 . . . ; ;
B LLNL B LANL
25000 H == ANL B NASA-GISS
Ulowa B Genentech
EPFL s BYU
20000+ FAU mEm ORNL
Perimeterinst i Fermilab
15000 e Krell Max-Planck-Inst
Kitware B Other

m - . . - - -
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LOC in Spack packages over time (by institution)
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E G ¢ Hwidespread adoption has made it a de facto standard,
drawing contribution and collaboration from vendors

A AWSis investing significantly in cloud credits 8pack

1 Supporting highly scalable cloud CI system with ~250k+/year in credits
1 Integrating Spack witRarallelClusteproduct W
T Joint Spack tutorial with AWS drew 125+ participants

A Googleis using Spack in their HPC Toolkit cloud cluster product
1 List packages to deploy; automatically built and cached in cluster deployment

A AMD has contributedROCnpackages and compiler support :
T 55+ PRs mostly from AMD, also others
T  ROCmHIPaoccpackages are all i@packiow . h
A HPE/Crays allowing us to do Cl in the cloud for the Cray PE environment @2 ‘ l n tel )

1 Looking at tighter Spack integration with Cray PE

A Intel contributingOneApisupport and licenses for our build farm n\"Dl A
A NVIDIAcontributing NVHPC compiler support and other features q r m

A Fujitsu and RIKENave contributed daugenumber of packages for ARM/a64fx support g
on Fugaku I_ n

®
A ARMandLinaromembers contributing ARM support h FU]ITSU
T 400+ pull requests for ARM support from various companies
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