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about us & outline

Andreas K. Hüttel (dilfridge@g.o)

• Gentoo developer since 2010

• background in physics

• Gentoo Council member

• toolchain, release engineering, binhost,
base system, perl, libreoffice, PR, ...

Sam James (sam@g.o)

• Gentoo developer since 2020

• background in maths / CS

• Gentoo Council member

• toolchain, binhost, base system, QA,
security, python, LLVM, maths, ...
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“emerging” a package from source

• package manager: Portage

• the main command is “emerge”

• fetch, unpack, patch sources

• configure, compile, install to temporary directory

• QA checks

• strip binaries, separate out debug information

• merge files into main system

• not that much different from other package builders
(of course, this omits a lot of details)

• dependencies provided by the main system

fetch

unpack

patch

qa checks

strip / debuginfo

merge

sandbox

compile

configure

test

install
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xpak — old-style Gentoo binary packages

• compressed tar archive

• custom trailer for metadata

• advantages:
• single file
• tar can unpack it

• disadvantages:
• custom binary format
• relies on obscure tar behaviour
• requires dedicated tools
• no gpg signature integration
• no specification versioning,

not easily extensible

http://www.gentoo.org/
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no global rebuilds, ever!

• in Gentoo, compilation takes place on a user system, CPU cycles are limited
−→ no global rebuilds (“mass rebuilds”) of all packages, ever!

• need to make sure in other ways that all installed packages are consistent

• examples: library upgrade changes soversion, Perl update changes module directories, ...

http://www.gentoo.org/


hello there! backstory current implementation future improvements thanks

dangers of dependency automagic

• installed package set on the builder can differ
from the package target environment

• example: OpenEXR installed on builder, but not
on target

• example: Different ICU versions on builder and
target

• build systems can create “automagic
dependencies” on libraries (and other
dependencies) found at build time

• autoconf is actually a good example, since the
magic can always be overridden there

http://www.gentoo.org/
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old-style Gentoo helpers (deprecated)
revdep-rebuild

• find binaries with broken dynamic linking

• identify affected packages

• rebuild affected packages

perl-cleaner

• find modules installed in vendor perl of
previous Perl 5 versions

• find binaries linking to libperl.so

• identify affected packages

• rebuild affected packages

revdep-rebuild, perl-cleaner try to fix
what is already broken :(

preserved libraries mechanism

• on removal of dynamic libraries, check if
anything still dynamically links to them

• keep such libraries, re-assign them to their
reverse dependencies

• record affected packages in
@preserved-rebuild package set

emerge @preserved-rebuild

• rebuild packages depending on preserved
libraries

• since headers etc. are gone / updated,
package will afterwards use newer library
version or stop using library

http://www.gentoo.org/
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subslot rebuild mechanism

• package depends with specific
operator “:=” on library

• library declares “subslot”

• “any subslot fulfils the dependency,
but if it changes we need a rebuild”

• examples for subslot values:
• library soversion

(e.g. readline, SLOT=0/8)
• library major version

(e.g. ICU, SLOT=0/77)
• package major version in general

(e.g. Perl, SLOT=0/5.42)
• ...

http://www.gentoo.org/
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subslot rebuild mechanism (II)
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quality control: fully specify dependencies

• build must not depend on presence / absence / version of packages at build time beyond
declared dependencies

http://www.gentoo.org/
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new binary package format — gpkg (GLEP 78)

• single file encapsulation

• standard nested tarballs, no tricks

• identifiable by file

• metadata separate from image

• Manifest OpenPGP signature

• detailed specification: GLEP 78

poppler-25.12.0-1.gpkg.tar

poppler-25.12.0-1/
  gpkg-1
  metadata.tar${comp}
  metadata.tar${comp}.sig
  image.tar${comp}
  image.tar${comp}.sig
  Manifest

identifier, req
required
optional
required
optional
req, cleartext
sig optional

relative order of the archive members should be preserved
POSIX ustar format as defined by POSIX.1-2017 [3] or a subset of the ustar-compatible GNU 
tar format as described in the GNU tar manual [4] with the following (optional) extensions ...

http://www.gentoo.org/
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Gentoo’s de-facto certification authority
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client configuration — local trust anchor

• small utility getuto, called by the package manager

• if /etc/portage/gnupg does not exist yet,
• generates local trust anchor key
• locally signs Gentoo Release Engineering key(s)

• the key signature(s) define valid package signatures

• obviously, many tuning and configuration options for experts

http://www.gentoo.org/
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package building — Gentoo in a systemd-nspawn

• surprisingly boring

• Gentoo in several
systemd-nspawn
directories

• btrfs subvolumes for
snapshotting

• daily updates

• consuming and building
packages

• shared package directory

http://www.gentoo.org/
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steve the jobserver

• avoid contention, while still using maximal parallelism

• imagine 4 x webkit-gtk in parallel

• new development, recently introduced

• global, token-based jobserver for make (+ ninja now too)

http://www.gentoo.org/
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several configurations, also via ephemeral nspawns

• kde, gnome, openrc, server

• different Python versions to build against

• a random lucky package from Gentoo stable

• a ton of gcc and clang versions (yes we target developers!)

• ...

• different USE-flag settings generate distinct binary packages

• different dependency specifications generate distinct binary packages

• different dependency subslots generate distinct binary packages

• essentially, it’s a bit like NixOS without S3 ;)

http://www.gentoo.org/
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instruction set, CFLAGS, ...

• amd64: two identical builders with -march=x86-64 and -march=x86-64-v3

• arm64: baseline aarch64 ISA

• CFLAGS=’-O2 -pipe -march=x86-64 -mtune=generic

-Werror=odr -Werror=lto-type-mismatch -Werror=strict-aliasing’

• CXXFLAGS, FCFLAGS, FFLAGS identical

• system packages: in addition, use LTO (-flto)

• we know that these are conservative and safe settings — for convenience and stability

• you can still compile with -Omg-so-fast -funroll-loops (if that makes your day)

http://www.gentoo.org/
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hardware and output ...
x86-64:

• two servers at Hetzner (AX102)

• AMD Ryzen 9 7950X3D, 16 Zen4
cores, 128G ECC-RAM, 4T NVME

• also used for stage builds (native and
qemu-based)

aarch64:

• server at OSUOSL (Amp. Altra Max)

• Neoverse-N1, 96 Armv8.2+ cores,
256G RAM, 4T NVME

• Prov. by Arm Ltd., “Works on Arm”

• also used for stage builds (arm64 and
arm) and development
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... across package categories

llvm-core 9086.8 MB

dev-lang 3789.2 MB

sys-devel 3500.3 MB

dev-dotnet 2007.4 MB

dev-texlive 1978.1 MB

sci-libs 1606.2 MB
x11-wm 1575.6 MB

app-office 1412.4 MB
media-gfx 1139.0 MB

www-client 1124.2 MB

dev-python 1120.8 MB

dev-java 891.1 MB

mail-client 850.2 MB

x11-themes 784.5 MB

dev-libs 738.1 MB

app-emulation 736.3 MB
media-libs 645.0 MB
kde-apps 620.1 MB
app-containers 610.7 MB
net-libs 561.7 MB

media-fonts 519.5 MB
kde-plasma 431.3 MB

app-text 427.9 MB
sys-kernel 370.3 MB

x86-64-v3

http://www.gentoo.org/
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less popular systems — reusing the catalyst cache

• alpha, hppa, mips, sparc, riscv, ...?

• musl, Gentoo Hardened, LLVM builds, ...?

• limit to installation stage content,
@system set

• “base ISA”

• export cache of stage builder

• still a lot in total
• mips: 20 directories

be/le, o32/n32/n64, t32/t64, ...
• riscv: 9 directories

rv64/rv32, lp64d/lp64, ...
• ...

sys-devel 243.1 MB

sys-apps 232.1 MB

dev-lang 209.3 MB

sys-libs 134.3 MB

dev-python 66.8 MB

dev-libs 44.9 MB

app-text 35.3 MB
dev-build 34.6 MB

mips binary packages (be, n64, mips3)

http://www.gentoo.org/
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default configuration
• binary server preset in installation stage (base ISA)

• default binary package format gpkg

• infrastructure for package signature verification is in place

• “emerging” a package: source build by default, exactly as before

• with the switches -g or --getbinpkg this changes however

http://www.gentoo.org/
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selectivity of emerge

• binary package use controllable on command line or in make.conf

• build dependencies only needed for source builds

• it’s possible to finetune which binary packages are used and which not
• --binpkg-respect-use=y/n

Should we consider binary packages that have different USE-flags (feature specifications)?

imagine you need libreoffice, and you don’t care whether it has pdf import enabled or not

• --binpkg-changed-deps=y/n

Should we consider binary packages where the dependency specification in the ebuild has changed in
the meantime?

• safe defaults in the package manager

http://www.gentoo.org/
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implicit libc dependencies

• downgrading glibc is a sure way to destruction

• no package built against a later glibc version will run with an earlier one

• build logic inserts a hard version dependency into binary package metadata

http://www.gentoo.org/
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future — fine-grained binary usage

• for now, binary packages switched on / off globally

• planned: disable / enable per package — e.g., only qtwebengine, firefox :)
• contributed feature, WIP by new contributor Jethro Donaldson

http://www.gentoo.org/
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future — debug information

• no build-id in Gentoo so far
(limited usefulness for source
distribution)

• now, (not only) for binary packages

• packdebug support in portage (3.0.74)

• planned debuginfod infrastructure

http://www.gentoo.org/
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future — LTO for everyone (and everything)

mostly a general quality control issue?

(diagnostics: gcc PR114372, gcc PR116094, gcc PR114218, ...)

http://www.gentoo.org/
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LTO vs static libs
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LTO vs static libs (2)

• binutils improvements

• dot-a

http://www.gentoo.org/
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LTO vs static libs (3)

$ wc -l dot-a.eclass tests/dot-a.sh

128 dot-a.eclass

742 tests/dot-a.sh

870 total

http://www.gentoo.org/
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Thanks

Binhost team

• Eli Schwartz (eschwartz, ztrawhcse)

RinCat for the GLEP 78 + GnuPG integration

Arsen Arsenović (arsen) for packdebug support

Portage team

• Micha l Górny (mgorny)

• John Helmert III (ajak)

• James Le Cuirot (chewi)

• Mike Gilbert (floppym)

• Robin Johnson (robbat2)

Release Engineering team

• Matt Turner (mattst88)

• Ben Kohler (bkohler, iamben)

• James Le Cuirot (chewi)

• Robin Johnson (robbat2)

Infrastructure team

• Robin Johnson (robbat2)

• John Helmert III (ajak)

• Arthur Zamarin (arthurzam)

• Micha l Górny (mgorny)

• Matthew Thode (prometheanfire)

& of course everyone else who contributed
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Thank you! — Questions?
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