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» Guix started in 2012

» tools for reproducible software deployment

» runs standalone (Guix System) or atop a GNU/Linux distro
» ~22,000 packages, all free software

» ~100 monthly contributors

https://guix.gnu.org


https://guix.gnu.org

guix install ocaml coq emacs

guix install rust vim

guix package --roll-back



guix shell --manifest=manifest.scm --container

(specifications->manifest
n n n n

"("coreutils” "grep" "sed”
"ocaml” "guile" "guile-ocaml"))



bob@laptop$ guix shell --manifest=manifest.scm
bob@laptop$ guix describe
guix cabba%e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe



bob@laptop$ guix shell --manifest=manifest.scm
bob@laptop$ guix describe
guix cabba%e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe

alice@supercomp$ guix pull --commit=cabba9e
alice@supercomp$ guix shell --manifest=manifest.scm






- Toward practical transparent
-verifiable and long-term
reproducible research using Guix

© Nicolas Vallet®'™, David Michonneau®®2 & Simon Tournier

. Reproducibility crisis urge scientists to promote transparency which allows peers to draw same

. conclusions after performing identical steps from hypothesis to results. Growing resources are

. developed to open the access to methods, data and source codes. Still, the computational environment,
. aninterface between data and source code running analyses, is not addressed. Environments are

. usually described with software and library names associated with version labels or provided as an

. opaque container image. This is not enough to describe the complexity of the dependencies on which

. they rely to operate on. We describe this issue and illustrate how open tools like Guix can be used by any
! scientist to share their environment and allow peers to reproduce it. Some steps of research might not

. be fully reproducible, but at least, transparency for computation is technically addressable. These tools

. should be considered by scientists willing to promote transparency and open science.

Nature Scientific Data, Oct. 2022, https://doi.org/10.1038/s41597-022-01720-9


https://doi.org/10.1038/s41597-022-01720-9

(define-public hello
(package

(name "hello")

(version "2.12.1")

(source (origin
(method url-fetch)
(uri (string-append "mirror://gnu/hello/hello-"

version ".tar.gz"))

(sha256 (base32 "@wqd...dz6"))))

(build-system gnu-build-system)

(inputs (list gnu-gettext))

(synopsis "Greetings, Programming!")

(description "That’s what a Guix package looks like.")

(home-page "https://gnu.org/s/hello")

(license license:gpl3+)))



(define-public hello
(package

(name “hello™) > Software Heritage

(version "2.12.1") :

(source (origin

(method url-fetch) B
(uri (string-append "mirror://gnu/hello/hello-"
version ".tar.gz"))
(sha256 (base32 "@wqd...dz6"))))

(build-system gnu-build-system)
(inputs (list gnu-gettext))
(synopsis "Greetings, Programming!")
(description "That’s what a Guix package looks like.")
(home-page "https://gnu.org/s/hello")
(license license:gpl3+)))

https://www.softwareheritage.org/2019/04/18/software-heritage-and-
gnu-guix-join-forces-to-enable-long-term-reproducibility/


https://www.softwareheritage.org/2019/04/18/software-heritage-and-gnu-guix-join-forces-to-enable-long-term-reproducibility/
https://www.softwareheritage.org/2019/04/18/software-heritage-and-gnu-guix-join-forces-to-enable-long-term-reproducibility/

hi Reproducible
“a.¢* Builds



emacs = f(gtk+, gcc, make, coreutils)

where f = ./configure && make && make install



emacs = f(gtk+, gcc, make, coreutils)

gtk+ = g(glib, gcc, make, coreutils)



emacs = f(gtk+, gcc, make, coreutils)

gtk+ = g(glib, gcc, make, coreutils)

gcc = h(make, coreutils, gccy)



$ guix build hello

isolated build: chroot, separate name spaces, etc.




$ guix build hello
/gnu/store/ h2g4sf72... ~hello-2.12.1

hash of all the dependencies



$ guix build hello
/gnu/store/ h2g4sf72... -hello-2.12.1

$ guix gc --references /gnu/store/...~hello-2.12.1
/gnu/store/...-glibc-2.33
/gnu/store/...-gcc-10.3.0-1ib
/gnu/store/...-hello-2.12.1



$ guix build hello
/gnu/store/ h2g4sf72... -hello-2.12.1

$ guix gc --references /gnu/store/...-hello-2.12.1
/gnu/store/...-glibc-2.33

/8NU/StOre [mm=2 % Q-1

/gnu/store

(nearly) bit-identical for everyone



$ guix challenge --substitute-urls="https://ci.guix.gnu.org https://example.org

/gnu/store/. . . —openssl-1.0.2d contents differ:

local hash: ©0725122. . .

http://ci.guix.gnu.org/. . . —openssl-1.0.2d: @725122. . .

http://example.org/. . . —openssl-1.0.2d: 1zy4fma. . .
/gnu/store/. . . -git-2.5.0 contents differ:

local hash: @@p3bmr. . .

http://ci.guix.gnu.org/. . . -git-2.5.0: 069nb85. . .

http://example.org/. . . -git-2.5.0: Omdgaw. . .
/gnu/store/. . . -pius-2.1.1 contents differ:

local hash: @k4v3m9. . .

http://ci.guix.gnu.org/. . . -pius-2.1.1: 0@k4v3m9. . .

http://example.org/. . . —pius-2.1.1: 1cy25x1. . .



TURING AWARD LECTURE

Reflections on Trusting Trust

To what extent should one trust a statement that a program is free of Trojan

horses? Perhaps it is more important to trust the people who wrote the
software.

KEN THOMPSON




https://bootstrappable.org


https://bootstrappable.org
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https://theintercept.com/2015/03/10/ispy-cia-campaign-steal-apples-secrets/

Thus, a pristine copy of the

with the backdoor.

https://manishearth.github.io/blog/2016/12/02/reflections-on-rusting-trust/


https://manishearth.github.io/blog/2016/12/02/reflections-on-rusting-trust/

Do compiler bugs cause computer software to be-
come insecure? We don't believe this happens very
often in the wild because (1) most code is not mis-
compiled and (2) most code is not security-critical.
1y this article we address a different sitnation: we'll
play an adversary who takes advantage of a natu-
rally occurring compiler bug.

Do production-quality compilers have bugs?
They sure do. Compilers are constantly evolving
to improve support for new language standards, new
platforms, and new optimizations; the resulting code
churn guarantees the presence of numerous bugs.

MBS R = AT o

Deniable Backdoors Using Compiler Bugs

by Scott Bauer, Pascal Cuog, and John Regehr

ery new tool tends to find different bugs. This has
been demonstrated recently by running afl-fuzz
against Clang,-"LL‘\/M.3 A final way to get good com-
piler bugs is to introduce them ourselves by submit-
ting bad patches. As that results in a “Trusting
Trust” situation where almost anything is possible,
we won't consider it further.

So let’s build a backdoor! The best way to do
this is in two stages, first identifying a suitable bug
in the compiler for the target system, then we'll in-
troduce a patch for the target software, causing it
to trip over the compiler bug.

(Eéylogger) and the ¥code In5

https://www.alchemistowl.org/pocorgtfo/pocorgtfo@8.pdf



https://www.alchemistowl.org/pocorgtfo/pocorgtfo08.pdf

make-boot0@4.2.1
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make-boot0@4.2.1

y

gcc-bootstrap@0

binutils-bootstrap@0

bootstrap-binaries@0

glibc-bootstrap@0

250 MiB of binary blobs
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https://guix.gnu.org/en/blog/2019/guix-reduces-bootstrap-seed-by-50/
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blobs

inary

130 MiB — 60 MiB of b

https://guix.gnu.org/en/blog/2020/guix-further-reduces-bootstrap-seed-to-25/


https://guix.gnu.org/en/blog/2020/guix-further-reduces-bootstrap-seed-to-25/

\ /Q\w

D)

S

N

i

i

sﬁm\ A
, \w\ \W/,
N

w

N
=i
[/

/|

/
4 /)




— “GNU Mes—The Full-Source Bootstrap”
Jan Nieuwenhuizen, FOSDEM 2021
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Ensuring secure updates.



$ guix pull
Updating channel ’guix’ from Git repository...



The Update Framework

T A framework for securing software
TUF update systems

https://theupdateframework.org


https://theupdateframework.org

The Update Framework

T A fram for securing software
TUF update systems

https://theupdateframework.org


https://theupdateframework.org

(define python
(package ...))

test

guix build python
/gnu/store/...-python-3.9.6

git push



(package ...))

test

guix build python
/gnu/store/...-python-3.9.6



(define python
(rackage o

test

guix build python
/gnu/store/...-python-3.9.6



(define python
(package ...))

get binaries

test

guix build python
/gnu/store/...-python-3.9.6



-o- Commits on Jan 28, 2022

dlib: 19.22 ->19.23

Verified 3 460c773 <>
Ma27 committed 17 hours ago v/
live555: add vic test O 1e8d75b o
jonringer committed 17 hours ago v/
poke: 1.4 -> 2.0 (#157108) Partially verified @ e87db3c <>
trofi and SuperSandro2000 committed 18 hours ago v/
Merge pull request #156804 from jonringer/python-update-sri-hash Verified © 3234853 o
mweinelt committed 18 hours ago
terraform: fix the plugins wrapper - © fe580dc o

zimbatm authored and zowoq committed 18 hours ago

https://docs.github.com/en/authentication/managing-commit-signature-verification


https://docs.github.com/en/authentication/managing-commit-signature-verification
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assume attacker might gain access to the repo
protect against malicious changes
... iIncluding downgrade attacks



assume attacker might gain access to the repo
protect against malicious changes

... iIncluding downgrade attacks

support off-line authentication

support changing authorizations



F
author: Alice

D

author: Alice

C
author: Bob

B
author: Alice

A
author: Alice

E
author: Bob




o The .guix-authorizations file

( authorizations
(version 0)

;5 Authorized committers OpenPGP fingerprints:

(("AD17 A21E F8AE D8F1 CC0@2 DBD9 F8AE D8F1 765C 61E3"
(name "alice"))

("2A39 3FFF 68F4 EF7A 3D29 12AF 68F4 EF7A 22FB B2D5"
(name "bob"))

("CABB A931 COFF EEC6 900D OCFB ©90B 1199 3D9A EBB5"
(name "charlie”))))



Commitisauthenticifandonly if
signed by one of the keysin the
.guix-authorizationsfile of each
parent commit.

the “authorization invariant”




authorized: Alice, Bob

F
author: Alice

authorized: Alice, Bob

D
author: Alice

authorized: Alice, Bob authorized: Alice, Bob

C
author: Bob

E
author: Bob

authorized: Alice, Bob

B
author: Alice

authorized: Alice

A
author: Alice




F
author: Alice

authorized: Alice, Bob authorized: Bo h

D E'
author: Alice author: Bob
authorized: Alice, Bob authorized: Alice, Bob
C E
author: Bob author: Bob

authorized: Alice, Bob

B
author: Alice

authorized: Alice

A
author: Alice




introducing a repository



T

y

introductory commit




(channel

(name ’my-channel)

(url "https://example.org/my-channel.git")

(introduction

(make-channel-introduction
"6f0d8cc0d88abb59c324b2990bfee2876016bb86"
(openpgp-fingerprint

"CABB A931 COFF EEC6 900D OCFB ©90B 1199 3D9A EBB5"))))



$ guix pull
Updating channel ’guix’ from Git repository...
Authenticating channel ’guix’, 329 new commits...



$ guix pull --url=https://example.org/mirror.git
Updating channel ’guix’ from Git repository...
Authenticating channel ’guix’, 329 new commits...
warning: using a mirror, which might be stale



$ guix pull --url=https://example.org/evil.git
Updating channel ’guix’ from Git repository...
Authenticating channel ’guix’, 329 new commits...
error: commit c4bba93 not signed by an authorized key



$ guix git authenticate \
6f0d8cc0d88abb59c324b2990bfee2876016bb86 \
"CABB A931 COFF EEC6 900D OCFB 090B 1199 3D9A EBB5”



$ guix git authenticate \
6f0d8cc0d88abb59c324b2990bfee2876016bb86 \
"CABB A931 COFF EEC6 900D OCFB 090B 1199 3D9A EBB5" \
--keyring=my-keyring-branch



What about downgrade attacks?



$ guix describe
guix cabba9e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe



$ guix describe
guix cabba9e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe

$ guix pull
Updating channel ’guix’ from Git repository...
error: commit cOff33e is not a descendant of cabba9e



$ guix system describe

file name: /var/guix/profiles/system-126-1ink

label: GNU with Linux-Libre 5.4.15

bootloader: grub-efi

channels:

guix:

repository URL: https://git.savannah.gnu.org/...
commit: 93f4511eb@c9b33f5083c2a04f4148e0a494059¢

configuration file: /gnu/store/...-configuration.scm



$ guix system describe

file name: /var/guix/profiles/system-126-1ink

label: GNU with Linux-Libre 5.4.15

bootloader: grub-efi

channels:

guix:

repository URL: https://git.savannah.gnu.org/...
commit: 93f4511eb@c9b33f5083c2a04f4148e0a494059¢

configuration file: /gnu/store/...-configuration.scm

$ guix system reconfigure /etc/config.scm
error: commit c4bba93 is not a descendant of 93f451



Wrap-up & outlook.



» authenticated Git checkouts
— safe Guix updates!

» in-band, off-line: authentication + authorization
data is in Git




» authenticated Git checkouts
— safe Guix updates!

» in-band, off-line: authentication + authorization
data is in Git

» protection against downgrade attacks
» deployed in Guix since mid-2020



https://doi.org/10.22152/programming-journal.org/2023/7/1

Building a Secure Software Supply Chain with GNU Guix

Ludovic Courtes?®

a Inria, France

Abstract  The software supply chain is becoming a widespread analogy to designate the series of steps taken
to go from source code published by developers to executables running on the users’ computers. A security
vulnerability in any of these steps puts users at risk, and evidence shows that attacks on the supply chain
are becoming more common. The consequences of an attack on the software supply chain can be tragic in
a society that relies on many interconnected software systems, and this has led research interest as well as
governmental incentives for supply chain security to rise.

GNU Guix is a software deployment tool and software distribution that supports provenance tracking,
reproducible builds, and reproducible software environments. Unlike many software distributions, it consists
exclusively of source code: it provides a set of package definitions that describe how to build code from source.
Together, these properties set it apart from many deployment tools that center on the distribution of binaries.

This paper focuses on one research question: how can Guix and similar systems allow users to securely
update their software? Guix source code is distributed using the Git version control system; updating Guix-
installed software packages means, first, updating the local copy of the Guix source code. Prior work on secure
software updates focuses on systems very different from Guix—systems such as Debian, Fedora, or PyPI where
updating consists in fetching metadata about the latest binary artifacts available—and is largely inapplicable
in the context of Guix. By contrast, the main threats for Guix are attacks on its source code repository, which
could lead users to run inauthentic code or to downgrade their system. Deployment tools that more closely
resemble Guix, from Nix to Portage, either lack secure update mechanisms or suffer from shortcomings.

Our main contribution is a model and tool to authenticate new Git revisions. We further show how,
building on Git semantics, we build protections against downgrade attacks and related threats. We explain
implementation choices. This work has been deployed in production two years ago, giving us insight on its
actual use at scale every day. The Git checkout authentication at its core is applicable beyond the specific use
case of Guix, and we think it could benefit to developer teams that use Git.

Ac attacke on the coftware ctinnlv chain annear cecuritv recearch ic now lookine at everv link of the <uinnlv


https://doi.org/10.22152/programming-journal.org/2023/7/1

Unified deployment toolbox vs. patchwork

» end-to-end integration vs. “artifact flow”
» verifiability vs. attestation

» commit graph vs. version strings

> ...



From source code

to deployed binaries:
provenance tracking

& verifiability are the key.



Guix

https://guix.gnu.org/ ludo@gnu.org | @civodul@toot.aquilenet.fr


https://guix.gnu.org/

Bonus slides!



Reproducible environments: 2 files, 2 commands

1. guix describe -f channels > channels.scm

2. guix time-machine -C channels.scm -- \
shell -m manifest.scm
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GNU Guix logo by Luis Felipe, CC-BY-SA 4.0, https://guix.gnu.org/en/graphics/.
Reproducible Builds logo under CC-BY 3.0, https://uracreative.github.io/reproducible-builds-styleguide/visuals/.
Bootstrappable Builds logo by Ricardo Wurmus, https://bootstrappable.org.

Picture of silver seal by Cicerellus, CC-BY-SA 4.0,
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Picture of letter with wax seals by Arno-nl, CC-BY-SA 3.0,
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This work is licensed under the Creative Commons Attribution-Share Alike 3.0 License. To view a copy of this license, visit

https://creativecommons.org/licenses/by-sa/3.0/ or send a letter to Creative Commons, 171 Second Street, Suite 300, San
Francisco, California, 94105, USA.

At your option, you may instead copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.3 or any later version published by the Free Software Foundation; with no Invariant Sections,
no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is available at https://www.gnu.org/licenses/gfdl.html.

The source of this document is available from https://git.sv.gnu.org/cgit/guix/maintenance.git.
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