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Why pipelines and CI1?
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Spack is extremely flexible — and that comes at a cost

* A combinatorial number of configurations
* Different options
* Different compilers, libraries, architectures

* Impossible to always test all of them

* Guarantees on specific configurations

* They must be tested on each PR
* Only check what changed
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|s science always done with stable, released software?

* Often, new algorithms are used for research
* They’re not in any release yet
* They are actively developed!

Condensed Matter > Materials Science
[Submitted on 2 Sep 2025]

Van der Waals Density Functional for Mol

. .
I {e S e a rC I I I S d O I l e I I l gro u ps Trevor Jenkins, Kristian Berland, Timo Thonhauser
Since the development of the nonlocal correlation functional DF, the
adsorption. However, it also revealed an intrinsic tradeoff in

* Many people need to run the same software

* Artifacts should be reproducible
* |[t’s a waste if the same build is done repeatedly
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Both problems have the same solution!

* An environment that defines the configuration precisely, and lives
alongside the code

A buildcache so that

* unchanged dependencies are not rebuilt from sources
* newly built binaries can be shared

* A Cl pipeline that runs automatically when something changes
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Environments
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Environments are the foundation on which Cl is built

manifest

spack.yaml

$ spack concretize

spack:

include:

HPSF

# include external configuration

- ../special-config-directory/
- ./config-file.yaml

# add package specs to the “specs’ list
specs:
- hdf5
- libelf
- openmpi

$ spackinstall

lockfile

spack.lock

Package installations

{

concrete_specs": {
"6s63s02kstp3zyviezglndmavysl3nult:
"hdfs": {
'version®: "1.18.5%,
“arch": {
"platform": "darwin",
"platform_os": "mojave",
"target": "xB6_64"
b
"compiler": {
"mame": "clang®,
"wersion": "10.8.08-apple"
h
"namespace": "builtin",
"parameters": {
"cxx®: false,
"debug": false,
"fortran": false,
"hl": false,
"mpi®: true,

spack.io
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Matrices: express cross-product builds

$ spack -v concretize
Starting concretization pool with 8 processes
28.1s [ 12%] yambo “~openblas "“openmpi
33.2s [ 25%] yambo “mpich ~openblas
35.4s5 [ 37%] yambo ~blis “openmpi
36.0s [ 50%] yambo ~blis “mpich
36.65 [ 62%] quantum-espresso “openblas "“openmpi
37.0s [ 75%] quantum-espresso “mpich “openblas
37.9s5 [ 87%] quantum-espresso “blis “mpich
38.9s [100%] quantum-espresso ~blis ~openmpi
Concretized 8 specs:
quantum-espresso ~clock~elpa+epw~fox~gipaw~ipo~1
~armpl-gcc +examples~ilp64+shared build sy
~blis +blas+cblas~ilp64~scalapack build syst
“python +bz2+ctypes+dbm~debug~freethr
~gdbm build system=autotools
~Mibffi build system=autotools
~“pkgconf build system=autotools
“readline build system=autotools pa
~sqlite +column _metadata+fts+rtre

spack:

definitions:

specs:
- matrix:
- [$apps]

(] (] \/ M=r

s HPSF
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Intermezzo: understanding config scopes

$ spack config scopes -vp
Scope Type
command_1line internal
spack path

user inc lude, path
site include, path

system inc lude, path
defaults path
defaults: linux 1include, path
defaults:base inc lude, path
_builtin internal

s HPSF

Status
active
active
active
active
active
active
active
active
active

Path

/home/culpo/PycharmProjects/spack/etc/spack/
/home/culpo/.spack/
/home/culpo/PycharmProjects/spack/etc/spack/site/
/etc/spack/
/home/culpo/PycharmProjects/spack/etc/spack/defaults/
/home/culpo/PycharmProjects/spack/etc/spack/defaults/linux/
/home/culpo/PycharmProjects/spack/etc/spack/defaults/base/

spack.io hpsf.io Join us at slack.spack.io
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Spack v1.2: groups of specs in environments

spack:
SpPecCs.
- group: compiler
specs:

- gcc@ls.2

- group: apps
needs: [compiler]
specs:
- hdf5 %gcc@15.2
- libtree %gcc@15.2

$ spack env create stack && spack env activate stack
$ spack config edit

[ ... ]

$ spack concretize && spack 1install

s HPSF

Groups are named and can have
dependencies

Groups are concretized independently

If a group depends on another:

* [t’s concretized after its dependencies
« Specs from dependencies are always

reused in concretization

Groups can override configuration
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Use of groups in public pipelines

- group: ml-1linux-x86_64-rocm
specs:
- $jax_specs
- matrix:
- [$keras_specs]
exclude:
- py-keras backend=jax
- py-keras backend=torch

override:

packages:
all:
require:

- ~cuda Unifying the ml-linux pipelines:

- +rocm
- amdgpu_target=gfx90a

s HPSF

45
35
Bs
Bs
55
7s
5s
Bs
3s
bs
95

Concretizing the 'ml-linux-x86_64-rocm' group of specs
Starting concretization pool W1th B processes
22,
24.
27.
28.
35.
36.
37.
39.
19.
26.
32.
Concretizing the 'ml-linux-x86_64-cuda' group of specs
Starting concretization pool W1th & processes
26.7s [ 3%] py-transformers
32.85 [ 6%] py-jaxlib

py-tensorboardx
py-tensorboard
py-transformers
py-scikit-learn

py-Jjax

py-tensorflow
py-jax1lib

py-keras
py-tensorflow-metadata

90%] py-tensorflow-datasets
[100%] pv-tensorflow-nrobability

* Reduced # of builds by ~50%
 Consolidates configuration in one place
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Mirrors and Buildcaches
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Spack is a binary package manager too!

A mirror is a copy of the package sources @Om Registry
—

* Reproduce builds without upstream availability

A buildcache contains pre-compiled binaries

* When a matching binary is available, it installs
directly — and build deps are not needed

* This turns Spack into a binary package manager,
that can build from source when needed

* Packages can be GPG signed

Spack

coaicocrs - B @ 8
= HPSF
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Spack v1.0 and earlier: external packages

- spec: openmpi@2.0.0

prefix:

/opt/openmpi-2.0

- spec: openmpi@1.4.3

buildable:

/opt/openmpi-1.4
false

= HpsF

g

mpileaks @2.3
gcc@4.7.3
arch=linux-redhat 6- ppc64

\

callpath@1.0
gcc@4.7.3

arch=linux-redhat 6-ppc64

+debug

.

N

openmpi@2.0.0
gcc@4.7.3
arch=linux-redhat 6-ppc64

dyninst @8.1.2
gcc@4.7.3
arch=linux-redhat 6-ppc64

O = — =~V —

mpileaks @2.3
gcc@4.7.3
arch=linux-redhat 6- ppc64

\

callpath@1.0
gcc@4.7.3

arch=linux-redhat 6-ppc64

+debug

N

openmpi©@2.0.0
gcc@4.7.3
arch=linux-redhat 6- ppc64

dyninst @8.1.2
gcc@4.7.3
arch=linux-redhat 6-ppc64

hwloc@1.11.3
gcc@4.7.3
arch=linux-redhat 6-ppc64

N\

libdwarf @20130729
gcc@4.7.3
arch=linux-redhat 6-ppc64

/

libpciaccess @0.13.4
gcc@4.7.3
arch=linux-redhat 6-ppc64

libelf@0.8.11
gcc@4.7.3
arch=linux-redhat 6-ppc64

libtool@2.4.6
gcc@4.7.3
arch=linux-redhat 6-ppc64

m4@1.4.17
gcc@4.7.3
arch=linux-redhat6-ppc64

libsigsegv @2.10
gcc@4.7.3
arch=linux-redhat 6-ppc64

spack.io
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libdwarf @20130729
gcc@4.7.3
arch=linux-redhat 6-ppc64

libelf @0.8.11
gcc@4.7.3
arch=linux-redhat 6-ppc64

/path/to/external/gcc/openmpi-2.0.0

slack.spack.io



Spack v1.1: externals with dependencies

mpileaks
@23
packages: build.link o
. utia,lin build, link
mpileaks:

callpath

prefix: /user/path ‘2”””,,, @1.0
callpath: mpich build,link

3.0.4
externals: @]

- spec:
prefix: /user/path

mpich: Externals can have dependencies

externals:

- spec:

prefix: /user/path

* inline syntax with specs (manual)

* more verbose YAML (programmatic)
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Custom Repositories
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Custom repositories allow stacks to be layered

S spack repo add ./my_repo

S spack repo list

==> 2 package repositories.

my_repo /path/to/my_repo

builtin  spack/var/spack/repos/builtin

—mmm HPSF
I — J

linl.wci.mapp

Application Packages miranda

Common internal packages lInl.wci

Open-Source Spack packages

builtin

spack.io  hpsf.io Join us at slack.spack.io
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Set a custom destination for a repo

$ spack repo list
- builtin https://github.com/spack/spack-packages.git

$ spack repo set --destination /tmp/spack-pkgs builtin

==> Updated repo 'builtin Spack cli allows to:

[ cPaey repe update  selectdestination

~ Puittan: Updated sucesstutly. e pin commit, tag, or branch
o oy TreRe e  update the repository
/tmp/spack-pkgs/repos/spack_repo/builtin

b i e Al e Everythingis in repos.yaml

$ spack config get repos
repos:
builtin:
destination: /tmp/spack-pkgs
git: https://github.com/spack/spack-packages.git
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Puttin it all together

Spack public pipelines
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Spack relies on GitLab pipelines to ensure that builds continue working

@ Spack Contributions v gitlab.spack.io w
Oon GItHUb = : Pheme EE e = Cray, x86_64, aarch64,
RS g J MacOS pipelines with
: T v runners at
¢ - B T U. Oregon or in AWS

s spack ci v

spack.yaml| GitLab Cl builds (changed) packages
configurations On every pull request
On every release branch

v @ ci/gitlab/gitlab.spack.io — Pipeline passed on GitLab

—mmm HPSF : . : ;
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How do we sustainably manage a binary distribution?

Untrusted S3 buckets Public, signed binaries in CDN
Internal per-PR build caches https //binaries.spack.io
github/pr-468 ]—[ github/pr-469 develop releases/2025.09 .
Contributors submit Maintainers review PRs Rebuild and Sign
package changes e Verify PR build succeeded e Published binaries built
e Iterate on builds in PR * Review package code ONLY from approved code
e Caches prevent e 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
s HPSF
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More is coming from HPSF

S HPSF

|
|
I‘I_ & GitLab

HA GitLab

kubernetes
(EKS)

aWs

"

NVIDIA

ARM

Intel

Bare metal runners 0

on “Frank” cluster  uvsiversity or

spack.io

OREGON

hpsf.io
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Thank you!
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SBOMs can provide detailed provenance for packages

* Software Bill of Materials (SBOM)
* Versions, hashes, organization of origin, etc. Compliance
3 Requirements
* Executive order in the last administration encouraged
projects to add for security Software

Dependencies .~ Components
Name

= _—,:;aj‘:’a’ )
g
SBOM |
|

!
' Author Name
\

f
A

* SBOMs enable supply chain security

* Scanning installations for CVEs
Open Source

Components Software Bill of Materials

* Understanding outdated versions
* Understanding where software came from

Version

String Supplier Name

* Plan: automatically generate SBOMs with spack install
* Expose SBOM location for scanners
* Disclose vulnerabilities
 Make DevSecOps easy for Spack users
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Sharing a Spack instance: pip, apt and more

feature: sharing a spack instance #11871 Edc <> Code ~

19X ) carsonwoods wants to merge 289 commits into spack:develop from carsonwoods:features/shared 2

L)) Conversation 98 <o Commits 289 [} Checks o [®) Files changed 31 +988 -135 smEm
carsonwoods commented on Jun 27, 2019 - edited by tgamblin ~ Member Reviewers €3
0 scheibelp O
Closes #15939 @ tgamblin °
Changes which allow for a single system-installed Spack, with an installation root maintained by a system admin and Requested changes must be addressed to merge

an installation root maintained by a user (but for example admins can set config values that apply to any user of the this pull request.

Spack instance). Overall this is intended to allow admins to deploy an instance of Spack which looks like any other
system-installed tool.

Still in progress? Convert to draft

This includes the following changes: Assignees %

¢ Asingle Spack instance can now manage multiple install trees (example syntax for selecting an install tree below) scheibel
gle >p g p pie sy e P
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