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Open Source Initiative.

HQ in Sunnyvale - California

Distributed worldwide

USA, UK, Italy, Poland, Germany, Israel
JGit and Gerrit Code Review since 2012
16k merged contributions, 1M LOCs

5x Gerrit Maintainers | 17x Contributors
2x JGit Committers

2x Gerrit Release Managers

1x Gerrit Engineering Steering
Committee

1x Gerrit Community Managers
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Luca Milanesio
GerritForge, Inc. CEO

« JGit Committer

» Gerrit Code Review Maintainer

* Gerrit Code Review Release Manager
* Gerrit Code Review ESC

« Created the Gerrit Plugins ecosystem

« Maintainer of GerritHub.io since 2014
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JGit & Gerrit Contributions since 2012

GIT Commits - Overall Statistics

3,820 97 1 1

#Commits #Projects #Authors #Organizations

GIT Commits - commits over time

#Commits

2018-01-0 020-0
last_commit_date per 30 days

Source: https://analytics.gerrithub.io
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GitTogether 2011

%] GooglePlex -Mountain View - CA on ) 26th-28th Oct 2011

Me and the
Git community

1. Luca Milanesio
GerritForge
2. Peff (aka Jeff King)
GitHub
3. Martin Fick
Nvidia
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Today’s agenda - Git and GHS performance racetrack

“Performance
is a feature” Git Bitmap
[Shawn] [Colby - 2012]

- @ ear eo» eo» e o

Git at High-Speed (aka GHS)
R&D [Luca, Ponch, Tony
Shane Mclintosh — 2023/2024]

/7
ﬂHS Research Paper
at the ICSE 2025

[Shane MclIntosh, Ponch]

GHS for GitLab
and GitHub Enterprise

- @ e» eo» e e e e o

Q&A
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Disclaimer

GerritForge Inc.'s R&D over
the years has produced numerous fixes and improvements
to the JGit and Gerrit Code Review projects, which are all Open-Source.
The “Git at High-Speed” (aka GHS) Al agent and engine,
is intellectual property of GERRITFORGE Inc.
patent pending in the USA (US 63/693,044) and the EU (PN857132EP)
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Why going faster actually matters

Al-Based code reviews in Gerrit Al-Based

‘. Software
sy [_:’ ® ............

2 webhook plugin  webhook config 3 D eve I Op m e n t
Lifecycle

rl‘ patchset D
S 1 apy bpy

Developer Change: #6010200

Gerrit Instance

Amplifies
Git and Gerrit
traffic

DisplayFeeaback | N 1 ~
00 new | M) @ OFT gt g fonchk L
— { & 1
Fir | i Fee * o
-

apy b.py fnn { Al-Plugin Al-Plugin config |

Change: #6010200
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Why going faster actually matters

Challenges

* H2 Cache Management
» Stability around replication
* Notedb issues with NFS

* Renaming Projects post 3.x Upgrade

* Increased Load (New Al use-cases &
others)

]

THE N Q8A-
l GERRITW |EzifiE
nUSERSUMMHE% ;:—f’;%
¥ o\ PR FRANCE QG

R |

* OS Upgrades + Containerize Gerrit primaries
* Gerrit life cycle management (Upgrades/Plugins)
* Distributed caches

* Clones using HTTPs (Replicas)

* Vertically scaling K8 replicas (globally) + HPA

* Pull replication Qua ICONVV\
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“Performance is a feature” - Where it all begun

Shawn Pearce (Google) - JGit and Gerrit Code Review projects founder

True and unique leader

Fueled innovation and performance on Git and Gerrit
JGit WindowCache

JGit DFS backend and Multi-Site at Google

Smart HTTP protocol

... and much more !
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Git reachability bitmap -2012

Colby Ranger (Google) — Gerrit Hackathon @GooglePlex

» Introduces the idea of a sparse table for Git objects' reachability

(Git bitmap)
bak Q w U O H o
= I—jm 0] ~ o @ 5 .Q
lml—~ tree new 9] T M (@ [QNEN )]
N ~ < QO o)<t
tttttttt — 0™ © o
o — 0 O O H
mmjm[ Hlnmm ] test.txt 1 1 1 1 1 1 1 1 1
"”‘""‘\-* 10101 1111
00001 0101

[Twmﬁl |— 'wwn

Image credit: ProG, by Scott Ch:
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Git at High-Speed (GHS) academic research Team - 2023

Luca Milanesio Fabio Ponciroli (aka Ponch)
GerritForge CEO GerritForge

Senior JGit Committer Gerrit Maintainer

Gerrit Maintainer & Release Manager Antonio Barone (aka Tony)

GerritForge
Gerrit Maintainer & Release Manager

Jacek Centkowski

GerritForge | SoftwareMill
Shane_ Mcintosh W Gerrit Maintainer
Associate Professor
University of Waterloo Marcin Czech
Ontario, Canada GerritForge

Gerrit Contributor

e
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R&D baseline repository and traffic simulation

Repository use-case baseline

» Developer “real-world” of a Git mono-repo
- 100k+ refs, 1M+ Git objects, 1k+ committers, 80k+
commits per day

« CI/CD validation workflow on developer’'s code
- 500k+ fetches/day, 40k+ clones/day, 100k+ feedback/day

Gatling-Git : extension to the Gatling testing
« Abstract the Git commands from the underlying
protocol
Git/HTTPS and Git/SSH implemented
« Ability to define the shape of users' sessions
l * Introduce user session variables to isolate the

THE o G8A - user’s actions
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Git at High-Speed testing arena

HW specs for the tests:

Intel(R) Xeon(R) Gold 6438Y+

Local SSD - 2GBps (write) 7GBps (read)
128 CPUs

128 GBytes RAM

Git servers under test:

* Gerrit Code Review v3.12.2

 GitLab CE v17.8.1

» GitHub Enterprise v3.17.2 (testing WIP)

B
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What dimensions influence Git performance?

4 |/
(8) - ~
% Does the repository
o size REALLY matter?
°
| .
)
Qo
£
>
< Number of packfiles
-
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How the number of objects slows down a repo?

>

Number of objects
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* Counting

* Revwalk

* Search forreuse

* Delta chains resolution

v

Bitmaps, commit-graphs, packfiles
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How the number of objects slows down a repo?

Mutability

inodes explosions

Directory metadata slowdown
Attribute caching

Racy reads
Filesystem time resolution
elS Locking
oot & ‘
AL
N\

|

Packed-refs
Reftable

B
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How the number of objects slows down a repo?

* Objects duplication

* Navigation slowdown

* Search-for-reuse explosion

*  Memory consumption

* Pruning and stale file handles

|

Cruft Packfiles
Preserved packfiles

Number of packfiles Geometric repacking
> Multi-pack index / bitmap
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Good bitmaps o bad bitmaps o

Anatomy of a good bitmap :@:
« Smalleris better A bad bitmap makes the

Git repo slower than no
bitmaps at all

» Dense for what's more needed
* Resolves 90% of the navigation needed

How many bitmaps?

JGit can control how many and how dense they are
* pack.bitmapExcessiveBranchCount .
+ pack.bitmapExcludedRefPrefixes Available on

« pack.bitmapRecentCommitCount JGit bitmap generation
* pack.bitmapRecentCommitSpan ONLY
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Git at High-Speed (aka GHS) research paper published

ICSE 2025
47th International Conference
on Software Engineering

Sun 27 April - Sat 3 May 2025

. . . Ottawa, Ontario, Canada
Shane Mcintosh Fabio Ponciroli
Access the paper Using Reinforcement Learning to Sustain the
and learn how GHS q Performance of Version Control Repositories
achieves 100x Git performance https://gerritforge.com/20250624.ghs.research.whitepaper.pdf
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https://gerritforge.com/20250624.ghs.research.whitepaper.pdf

Git a
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t High-Speed (aka GHS) in a nutshell

©

Git with regular maintenance

Git with regular maintenance
plus GHS side-by-side

Keeps a good Bitmap

always available to serve
quick clones / :++ T

Understands when to Optimize refs
prune without losing

Harness reinforcement organization
friction on existing cached leaming to choose the
packfiles operation for maximum
speed and minimum

overhead

: GHS



Gerrit Code Review: Results

Gerrit

Code Review

Up to 10x faster
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Cumulative
Execution times
(normalized)

1.000

0.900
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NOTE: lower is better

Git with rule-based GC vs. Git with GHS

«==GHS - P95 cumulative

Simulation time [min]

22

==Rule GC - P95 cumulative




100x faster - Log(10) scale

a
v

GitLab: Results

& GitLab =

Up to 100x Faster g”:““ﬁ
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GHS is running on GerritHub.io

Currently enabled on GerritForge’s repositories
> To be extended to all of the GitHub repos using Gerrit reviews on GerritHub.io

GHS Iterations GHS Memory Usage GHS % CPU
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ction-executor == metric-server == g-model

it instance="review-4.gerrithub.io:8000" job="revie\ = BitmapGenerationAction == NothingAction == PackRefsAction == action-executor
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WHAT'S NEXT?




GHS test drive with () GitHubEnterprise

GitHub:Enterprise requires a lot more resources than Git standalone

*  GHShelps reduce the system load

* Increase throughput by two orders of magnitude for use with CI/CD

* Scientific testing with benchmarks tailored to the GitHub APl and PR workflow
*  OpEx cost reduction by at least 50% for GitHub Enterprise on Cloud Hosting
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GHS new research paper with GitLab and GitHub real-life use-cases

\s

48th International Conference
on Software Engineering

RIO DE JANEIRO | BRAZIL

APRIL12-18

g
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Do you want your Gerrit / GitLab / GitHub running 100x faster?
\\ 1/,

.

’/l\\ I

info@gerritforge.com
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