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Shoulders
of g1ants

Lolly is a few years of work standing
on several decades of theirs.
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If I have seen further it is by standing on the shoulders of giants.

ISAAC NEWTON, IN A LETTER TO ROBERT HOOKE, 1675
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SHOULDERS OF GIANTS

OPENING

ewton did not say where he found that line. It was already five centuries
old:in 1159 John of Salisbury wrote that Bernard of Chartres used to
say we are like dwarfs sitting on the shoulders of giants, and it took later

scholars to trace the thread back that far. Credit is easy to lose along the way.

The Lolly project strives to honour attribution, provenance and all the legacies it

builds on.

If you are new to how software is made, start here: almost
nothing in the apps you use every day was written from
scratch by the company whose name is on the box. It
is assembled from parts that thousands of people wrote,
tested and gave away, some of them decades ago, most of
them strangers to each other. Lolly is a few years of work
standing on several decades of theirs.

Lolly signs what it makes; this page credits what it is
made from. It tells the story in order, from the operating
system at the bottom to the newest models at the top,
and then lists everyone else the story had no room for. The
legal record, with every licence in full, ships inside every
copy of the app and is linked at the very end.

How world-class software is really made

Open source is a simple arrangement with large con-
sequences. The authors publish their code under a licence
that lets anyone read, use, change and share the code.
Most of those licences ask one thing in return: that you say
where the work came from. Some, called copyleft licences,
ask more: if you share a changed version, you share it on
the same terms, so the work stays open wherever it travels.
A few ask nothing at all.

It sounds like charity, and mostly it is not. Compan-
ies pay engineers to work in the open because a shared
foundation, maintained by everyone who depends on it, is
cheaper and better than a private one that each of them
would have to build alone. Volunteers give their even-
ings because building something useful beside people
you respect is one of the more satisfying things a person

$4.15 billion

to write the world's widely used open
source software once more

HARVARD BUSINESS SCHOOL, 2024
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$8.8 trillion

its value to the firms that use it

can do. Most of the projects on this page are a mixture of
both.

The scale is hard to picture. In 2024, economists
at Harvard Business School estimated that writing the
world's widely used open source software once more
would cost about $4.15 billion, while its value to the firms
that use it is about $8.8 trillion; without it, firms would
need to spend 3.5 times more on software than they do.
The gap between those two numbers is the whole argu-
ment: the work is paid for once and used everywhere.
What no study prices as easily is the social side: people
in different countries and companies, most of whom will
never meet, reviewing each other's work and fixing each
other's mistakes in public.

3.5%

what those firms would need to spend on
software without it
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He who receives an idea from me, receives instruction
himself without lessening mine; as he who lights his
taper at mine, receives light without darkening me.

THOMAS JEFFERSON, IN A LETTER TO ISAAC MCPHERSON, 13 AUGUST 1813 (THE WRITINGS OF THOMAS
JEFFERSON, VOLUME 13)

Jefferson was arguing that an idea is hard to own, because  candle does: a copy costs almost nothing to make, and
giving it away costs the giver nothing. He never saw soft-  whoever shares it still has the original.
ware, and software makes his case more plainly than a

Everything that follows is a stack of shared work, with Lolly
at the top. The rest of this page climbs it from the bottom.

What Lolly stands on
Lolly
Whisper Kokoro ONNX Runtime
B hears speech reads aloud runs models
WebAssembly WebGPU WebKit
Open web runs old code the graphics card draws the page
. . HarfBuzz D3 eSpeak NG
Libraries shapes text draws charts speaks words
GNOME KDE D-Bus
Free deSktop a desktop a desktop shared plumbing
Linux GNU Kubernetes
Systems the kernel the tools runs it at scale

What Lolly stands on, as six layers from the bottom up: systems, meaning Linux, GNU and Kubernetes; the free desktop of
GNOME, KDE and D-Bus; libraries such as HarfBuzz, D3 and eSpeak NG; the open web of WebAssembly, WebGPU and WebKit;
open models such as Whisper, Kokoro and ONNX Runtime; and Lolly itself, on your device.
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Where it starts: GNU,
Linux and Kubernetes

In September 1983 the GNU project set out to build a
complete operating system that anyone would be free to
use, study, change and share. Its compiler, GCC, arrived in
1987, and in 1989 its General Public License made that
sharing a legal rule: change the code and pass it on, and
you pass it on under the same terms.

In August 1991 a student in Helsinki, Linus Torvalds,
posted a note about "a (free) operating system (just a
hobby, won't be big and professional like gnu)". Within
a few months his kernel was under the GPL too, and
together with GNU's tools it made a complete free sys-
tem, the one most people now simply call Linux. It was not
meant to be big. It now runs all of the world's 500 fastest
supercomputers, most of the servers behind the web and,
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SUSE: the first enterprise

Lolly began at SUSE, so this part of the story is close to
home. SUSE is one company among many that work this
way: Kaleidos, Canonical, Collabora, Igalia, Arm, Intel and
hundreds of others pay people to work on code everyone
shares, and none of it would stand without the volunteers
beside them. We have kept this part to things you can
check.

SUSE was founded in September 1992 in Firth, Ger-
many, by Roland Dyroff, Thomas Fehr, Hubert Mantel and
Burchard Steinbild, and shipped its first Linux product in
1994. In 2000 it launched SUSE Linux Enterprise Server,
which SUSE describes as the first globally distributed,
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WHERE IT STARTS

as the kernel inside Android, most of the world's phones.
Each release is the work of a crowd: 2,038 people contrib-
uted to Linux 6.17, 298 of them for the first time.

Kubernetes came later, and from a company. Joe Beda,
Brendan Burns and Craig MclLuckie started it at Google,
drawing on the company's long experience of running
software in containers. Its first public commit went up in
June 2014, contributors largely from Google and Red Hat
carried it to version 1.0 in 2015, and Google then gave it
to the newly formed Cloud Native Computing Foundation
to be run in the open. It is now one of the largest open
projects there has ever been, and it is how a great deal
of the world's software is deployed, Lolly's own web con-
tainer included.

Linux business

fully supported Linux server operating system for enter-
prise production environments, and SUSE calls itself the
world's first provider of an enterprise Linux distribution.
It is one of the oldest Linux distributions still main-
tained, and since 2005 its community edition has been
openSUSE.

What a company like SUSE gives the world is easy to
miss, because most of it is not a product you can see. It
pays people to look after the parts everyone else depends
on, and their names are in the files where Linux and GCC
list who maintains what:
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Sound

Takashi Iwai co-maintains the Linux sound subsystem, ALSA,
and appears under SOUND in the kernel's list of maintainers.
If audio plays on a Linux machine, his work is in the path. In
LWN's count for Linux 6.17 he was the third most active of all
2,038 contributors.

The compiler

Richard Biener is one of GCC's global reviewers and main-
tains its middle end, its vectoriser and its link-time optimisa-
tion, as GCC's own list records. Jan Hubicka started GCC's
call-graph module as an experiment at the first SUSE Labs
conference, and has worked on link-time optimisation since
2010.

The office suite

Michael Meeks worked on GNOME, Evolution and OpenOf-
fice.org at Novell, SUSE's owner from 2004 to 2011, and was,
in LWN's words at the time, at the heart of the effort that
launched LibreOffice and The Document Foundation in
2010.

Kubernetes and the edge

SUSE

The kernel's core

David Sterba maintains the Btrfs file system. Jifi Kosina and
Jifi Slaby built kGraft at SUSE in 2014, and live patching,
which updates a running kernel without a restart, is now part
of Linux, with SUSE engineers among its maintainers. Greg
Kroah-Hartman spent seven years at SUSE and Novell look-
ing after the stable kernel before he became a Linux Founda-
tion Fellow in 2012. In LWN's count for Linux 6.17, SUSE was
the sixth most active employer by changesets and the fifth
by lines changed.

The desktops

Federico Mena Quintero co-founded GNOME with Miguel de
Icazain 1997, and today works at SUSE, where he maintains
librsvg, the library that draws SVG pictures across the Linux
desktop. Stephan Kulow coordinated KDE's releases while at
SUSE, and later ran openSUSE's. SUSE is a Patron of KDE and
sits on the advisory boards of both the KDE and GNOME
foundations.

Tools that build other people's distributions

The Open Build Service builds packages for many distribu-
tions from one source, and the OBS project lists Tizen and
VideoLAN amonsg those running their own. openQA, which
tests an operating system by watching its screen the way a
person would, began in the openSUSE community in 2011;
Fedora adopted it after SUSE's Richard Brown got it running
on Fedora during a SUSE Hack Week.

Since 2020 SUSE has been home to Rancher, whose co-founder Darren Shepherd built K3s: Kubernetes light enough to run on small

computers at the edge of a network, far from any data centre, and a CNCF project since 2020. The Longhorn storage system is a CNCF

incubating project, Harvester is open too, and the NeuVector container security platform was opened to everyone in 2022, soon after

SUSE bought NeuVector.

Our favourite example is a small one. Around 2007, Michael
Schréder began writing libsolv at SUSE: a solver that works
out which packages a system needs. It is the engine inside
openSUSE's package manasger, and it is also inside Fedora's
DNF and, through mamba, inside conda, which made it the
default in 2023. Communities that compete for the same
users all rely on one piece of code, and each of them is better
for the sharing.

A solver that travelled: libsoly, written by Michael Schréder at SUSE, inside
zypper for openSUSE and SUSE, DNF for Fedora, and mamba, the default
solver in conda since 2023.
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A solver that travelled
libsolv
Michael Schréder,
SUSE
|
( | )
zypper DNF mamba
openSUSE and Fedora conda's default
SUSE since 2023
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THE FREE DESKTOP

The free desktop came first

The assumptions Lolly is built on (render on your own
device, keep your files yours, treat Linux as a first-class
home) were the working assumptions of the free software
desktop long before this project existed. The deepest code
in the app grew up there.

HarfBuzz shapes every run of text that Lolly turns into
vector outlines, so an exported SVG or PDF reads the
same on a machine that has never seen the font. Its old-

est code began inside FreeType in the late 1990s, grew
up in GNOME's text stack (Pango) and in Qt, and was
unified by Behdad Esfahbod under freedesktop.org. The
same shaper sits inside Chrome, Firefox, Android and Lib-
reOffice, and Lolly runs that same code, unchanged, in
the browser and on the command line; the section on
WebAssembly below explains how. The name is Persian
for "open type".

One library, everywhere

Chrome
Firefox
Android
HarfB
LibreOffice — ) ' u:z
shapes the
world's text GNOME
KDE
through Qt

\ through Pango

One library, everywhere: HarfBuzz at the centre, shaping text in Chrome, Firefox, Android, LibreOffice, GNOME through Pango, KDE through

Qt, and Lolly in the browser.

eSpeak NG

eSpeak NG is the voice under the voice. Jonathan Dudding-
ton wrote its ancestor, Speak, for Acorn machines in 1995;
eSpeak reached Linux in 2006 and became the sound of the
free desktop's screen readers. When Lolly's neural voice reads
text aloud, eSpeak NG, compiled for the web by the phonem-
izer project, first works out how every word is pronounced. So
a speech synthesiser from 1995 now tells a neural voice from
2025 how to say "Worcestershire".
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GIMP

GIMP, the image editor Spencer Kimball and Peter Mattis
released as Berkeley students in 1996, is owed a different
kind of thanks. No GIMP code runs inside Lolly; instead Lolly
writes GIMP's own XCF format from scratch, so a layered
export opens straight into GIMP. GTK, the toolkit GNOME is
built on, began life as GIMP's toolkit.
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KHTML

KHTML, begun in the KDE project in the late 1990s, became
WebKit, which became Chromium's Blink. Lolly's desktop
app renders through WebKit on Linux and macOS and
through a Blink-based view on Windows, and the command
line's high-fidelity renderer and this site's own screenshots
run headless Chromium, so every one of them has a KDE
ancestor.

Lolly ships as openSUSE RPMs and a Flatpak and
registers with the desktop's own search, so the plat-
form that taught this project its values is also one of
its homes.

THE FREE DESKTOP

D-Bus and the XDG desktop portals

D-Bus and the XDG desktop portals, freedesktop.org's shared
plumbing, are how the Linux build behaves like a native cit-
izen: the screenshot and wallpaper portals, and search pro-
viders so GNOME Shell and KRunner can find your tools by
name.

One engine, many homes

KHTML
KDE, late 1990s
WebKit
Apple, 2003
WebKitGTK WKWebView Blink
Lolly on Linux Lolly on macOS Google, 2013
WebView2 Chromium

Lolly on Windows command line

One engine, many homes: KHTML from KDE became WebKit at Apple in 2003,
which Lolly uses as WebKitGTK on Linux and WKWebView on macOS, and which
became Blink at Google in 2013, behind WebView2 on Windows and the Chro-
mium that runs Lolly's command line and screenshots.

D e

Design in the open: Penpot,

Inkscape and Blender

For most of the history of desktop computing, the tools
professional designers and animators worked in were
closed and expensive. Three open projects did a great deal
to change that.

Penpot is made by Kaleidos, a company in Madrid
whose co-founder and CEO is Pablo Ruiz-Muzquiz. It
began life as UXBOX, which Kaleidos first showed at FOS-
DEM in Brussels in 2020, released its first public alpha

Q7

in February 2021 and reached version 2.0 in April 2024,
and its source is under the Mozilla Public License 2.0, the
licence Lolly uses too. Its file format is open, which is why
Lolly can open a .penpot file as an editable design and
write one back out, and why the two share the design

token format drafted by a W3C community group. Lolly's
own export plugin for Penpot signs what it exports with
Content Credentials. Penpot's newest renderer runs on
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WebAssembly, the same technology that carries most of
Lolly's older code into the browser.

Inkscape is older, and its family tree reaches back fur-
ther still. It began in 1999 as Gill, the GNOME Illustrator,
written by Raph Levien; Lauris Kaplinski led its successor,
Sodipodi; and in 2003 four Sodipodi developers, Bryce
Harrington, MenTalguY, Nathan Hurst and Ted Gould, star-
ted Inkscape, whose source is on GitLab. Version 1.0

DESIGN IN THE OPEN

arrived in May 2020. For more than twenty years it has
kept SVG a format working designers use every day rather
than a specification on a shelf. Every SVG Lolly writes
opens in Inkscape with its paths intact, Lolly's GIMP
palette export loads straight into it, and when you inspect
an SVG in Lolly's Verify, the Inkscape version that made it
is one of the things it reports.

Those films showed the world that design and animation of
the highest standard could be made with open source tools.

Blender nearly did not survive. Ton Roosendaal started
the Dutch animation studio NeoGeo in 1989 and wrote
the first source files called Blender on 2 January 1994, a
date still counted as Blender's birthday. He later founded
a company, Not a Number, to develop it, and when that
company closed in early 2002, development stopped and
the code belonged to its investors. Roosendaal set up the
non-profit Blender Foundation and in July 2002 launched
a campaign called Free Blender. Blender's community of
around 250,000 users raised €110,000 in seven weeks,
enough to buy the code back, and on 13 October 2002
Blender was released under the GNU General Public
License. Software that would have died with its company
was saved by the people who used Blender every day.
Then Blender set out to show what open tools could
do. Elephants Dream, made under the codename Pro-
ject Orange and released in 2006, is widely recognised
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as the first open movie: the film and every asset behind
it were published under a Creative Commons licence.
Big Buck Bunny (2008), Tears of Steel (2012), Spring
(2019) and Sprite Fright (2021) followed, and each pro-
duction pushed new features into Blender itself. Those
films showed the world that design and animation of the
highest standard could be made with open source tools.
Lolly's scene-linear OpenEXR export is written for tools
like Blender, which read that format natively.

In 2019 Roosendaal and Blender received the Ub
Iwerks Award at the Annie Awards. On 1 January 2026,
after more than thirty years with Blender, he handed his
roles as chairman and CEO to Francesco Siddi, with Sergey
Sharybin, Dalai Felinto and Fiona Cohen joining him on
a new board. Roosendaal leaves a legacy, as so many in
open source have: a tool that belongs to everyone, and a
new generation to carry Blender forward.

Where free graphics grew up

The projects on this page did not grow up alone. In March
2006 the first Libre Graphics Meeting opened in Lyon,
France, co-founded by Dave Neary and Dave Odin so
that the people behind GIMP, Inkscape, Krita, Scribus and
Blender could spend a few days in one room each year.
It has met most years since, from Montreal and Wroctaw
to Brussels and Vienna, so that those projects can work
across their borders: on shared file formats, on brushes
and on colour management.

Creative Commons was part of that world early.
Jon Phillips, known as rejon, worked as a community

08

developer at Creative Commons and helped make clear
licensing a normal part of free graphics work, the early
groundwork for the credits and provenance Lolly records
today.

Other rooms mattered as much. GUADEC gathers the
GNOME community every year. FOSDEM fills a univer-
sity campus in Brussels every February. In Australia there
is linux.conf.au, where Linus Torvalds has often been in
the audience; at the 2009 conference in Hobart he took
garden shears and then clippers to Bdale Garbee's beard
after an auction raised more than A$36,000 for research
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SHOULDERS OF GIANTS

to help Tasmanian devils. Bdale Garbee, then HP's open
source and Linux chief technologist, was one of several
people who took a personal interest in seeing a future

WHERE FREE GRAPHICS GREW UP

for free creative software come true, and whose support
made much of this possible.

Some people make everyone around them better.

Monash University, Melbourne

In Melbourne, Peter Moulder (pjrm), Michael Wybrow and
Nathan Hurst shared a research lab at Monash University.
Andy Fitzsimon, who started Lolly, visited them there, and
they worked well together. lib2geom, the geometry library
under Inkscape, began as a collaboration between Inkscape
developers and Monash's graphics researchers, and Nathan
Hurst, one of Inkscape's four founders, is among its main
authors. Michael Wybrow's libavoid routes the connectors
Inkscape draws between shapes, and Peter Moulder, after
years of research on diagram and text layout, joined YesLogic
to develop Prince for Books.

GIMP

At GIMP, Manish Singh (yosh), who made GIMP's early
releases, was friendly to every new contributor and steered
the expertise they brought into the code. Michael Natterer
(mitch) and Sven Neumann carried GIMP as its maintainers
for years, and @yvind Kolas (pippin) built GEGL and babl, the
image and colour engines that give GIMP high bit depths and
non-destructive editing.

Q9

Carl Worth and cairo

Carl Worth co-founded cairo with Keith Packard: the 2D
graphics library that GTK and Inkscape have drawn with for
years, and that drew both the pages and the interface of Fire-
fox from version 3. He spoke at linux.conf.au more than once,
came to meetings like these, and shared what he knew about
vector graphics with every project that asked.

The designers

The designers came too. Jakub Steiner (jimmac), who drew
most of the Tango icon library and much of GNOME's look,
Hylke Bons, who started SparkleShare so designers and
developers could share their work, and Garrett LeSage, a
designer in free software since the late 1990s, brought a
designer's eye to GUADEC, FOSDEM and meetings like these
while the foundations were still being built. Jakub and Gar-
rett both worked at SUSE along the way.

There are far too many to name. People like these are
force multipliers: a welcome, an answer or a drawing

at the right moment makes a whole project better, and
the work of everyone who follows travels further. What
free creative software has become, it owes to all of them.
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Data that tells a story: D3

D3 is the clearest case on this page of a small project

changing a whole profession. Mike Bostock published it in
2011 with Jeff Heer and Vadim Ogievetsky at Stanford's
visualisation group, as a way to bind data directly to the
shapes on a web page (the paper). Bostock then spent sev-
eral years as a graphics editor at The New York Times, and
newsrooms around the world took D3 up for the charts
and maps that carry a story. When it received the Informa-
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DATA THAT TELLS A STORY

tion is Beautiful Test of Time award, the citation said it had
“changed how millions of data visualizations are created
across newsrooms, websites, and personal portfolios”. In
Lolly, D3 draws the Chart tool, projects the street maps
and spins the meeting planner's globe, and Observable
Plot, a younger library built on it, draws the Chart tool's
statistical and editorial forms.

The catalysts: WebAssembly,
WebGPU and generative Al

Most of the giants above wrote for desktop computers, in
languages like C and C++, long before anyone expected
a web page to do serious work. Three newer technologies
are why Lolly can draw on them at all, and why a small
team can reach for the best solution in each field rather
than the nearest one.

WebAssembly carries old code into the browser. Alon
Zakai, then at Mozilla, created Emscripten, a compiler that
turns C and C++ into something a browser can run; his
asm.js work with David Herman and Luke Wagner showed
that it could be fast. In June 2015, Mozilla announced,
together with engineers from Chromium, Edge and Web-
Kit, a proper binary format for it, and WebAssembly
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became a W3C Recommendation in December 2019. It is
why HarfBuzz, eSpeak NG, the C++ port of the ZXing bar-
code reader, JPEG XL, libopenmpt and ONNX Runtime run
inside Lolly unchanged, in a browser tab orin the terminal,
on any operating system and with nothing to install.

WebGPU gives the page the graphics card. For most of
the web's life a page could use the GPU to draw, but hardly
to compute. WebGPU, written by the W3C's GPU for the
Web Working Group, changed that: it shipped in Chrome
113 in 2023 and began reaching Firefox and Safari in
2025. It is why Lolly can enlarge a photo, cut out a back-
ground or reword a sentence on your own graphics card,
inside the page, with nothing sent to a server.
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Generative Al is the catalyst people argue about most, and it
has earned both the excitement and the caution. It reaches
Lolly in two ways. The first is the open models in the next sec-
tion: research groups and companies that published trained
models for anyone to run. The second is how Lolly was built.
It was developed with Al-assisted coding and discovery, with
a person setting the architecture, curating the code and dir-
ecting the experience. Those assistants learned from public
code and writing, much of it open source, and not everyone
who published that work agreed to this use. An assistant is
only as useful as what it has read, and what it has read is the
open code, open documentation and patient answers to
strangers' questions that millions of people published over
more than thirty years. Lolly credits every part of that work it
can trace.

& o

The new giants

The newest giants are neural networks that research
groups and companies trained, often at great expense,
and then published for anyone to run. Lolly runs them the
way it runs everything else: on your device, downloaded
only when a feature needs them, pinned by checksum
in the build, each model family carrying its own credits
file. OpenAl's Whisper turns speech into text with word-
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THE CATALYSTS

From the desktop into the page

Desktop code
C, C++ and Rust

!

Graphics card

already in your device

!

Compilers WebGPU
Emscripten and Rust W3(, 2023
WebAssembly Models in the page
W3C, 2019 nothing sent away

{ )

From the desktop into the page, in two lanes that meet on your
device: desktop code in C, C++ and Rust is compiled to
WebAssembly and runs in any browser tab, while WebGPU hands the
page your graphics card, and the two together let Lolly run on your
own machine with nothing sent away.

level timing, which is what lets you edit a video by edit-
ing its words; Kokoro, an 82-million-parameter voice pub-
lished by hexgrad in 2025, reads text aloud. Hugging Face,
where most of these models are shared, and the runtimes
that carry them into the page, ONNX Runtime and trans-
formersjs, are the common ground under all of them. The
full list is in the appendix below.
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Stronger together

Put the dates side by side and a pattern appears. Each bar
below runs from the year a project began, or began in the
open, to today, because every one of them is still main-
tained. Green marks work started by volunteers, students
and university labs, blue work started by companies, and
amber work begun among the browser makers and the
W3C. Each generation builds on the last, the three take
turns carrying it, and Lolly's own bar, at the bottom, has
barely begun.

Not everyone on this page shared for the same reason.
Some chose to, because they wanted their work used.
Some were paid to, because their employers were better
off with a foundation everyone maintains. And some were
required to, because the code they built on came with a
copyleft licence: KHTML was under the LGPL, so the
changes Apple made to it had to be published too. The
reasons differ and the result is the same. People they
would never meet, in countries they might never visit, built
on the work and gave something back. That is how a
speech synthesiser written for an Acorn computer came to
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STRONGER TOGETHER

guide a neural voice, how a web engine begun by KDE
volunteers came to sit in the browsers on billions of
phones, how a solver written for one Linux distribution
came to serve its competitors, and how a 3D suite that
closed with its company was bought back by its own
users.

We are all stronger for the sharing. An idea given away
is not lost, and in many hands it travels further than any
one of us could carry it alone. That is what makes open
source a pervasive, renewable source of innovation. Pro-
jects come and go, but their moments in time clear the
path for others and paint the art of the possible. The pro-
jects that endure have lifted up everyone on the planet,
and people use them every day, knowingly or not.

Lolly is one more place those ideas have reached, and,
under the same terms, one more place they can leave
from. In 1932 the typographer Beatrice Warde wrote that
from a printing office "words may fly abroad". Lolly took
her line as its motto, and changed one word.
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Four decades of shared work

1983 -GNU volunteers

1991 - Linux Linus Torvalds

1992 - SUSE four founders in Fiirth
1996 - GIMP two Berkeley students

1998 - Mozilla

2002 - Blender

2003 - Inkscape

2011-D3

2014 -
Kubernetes

2015 -
WebAssembly

2021 - Penpot

2023 - WebGPU

Today - Lolly

Netscape

bought free by users

Sodipodi developers

a Stanford lab

Google

Four decades of shared work, as bars that each run from a project's first year to today: GNU in 1983, started by volunteers, and
Linux in 1991, by Linus Torvalds, then a student; SUSE in 1992, a company; GIMP in 1996, two Berkeley students; Mozilla in
1998, from Netscape; Blender in 2002, bought free by its users; Inkscape in 2003, Sodipodi developers; D3 in 2011, a Stanford
lab; Kubernetes in 2014, from Google; WebAssembly in 2015, a web standard; Penpot in 2021, from Kaleidos; WebGPU in 2023,
a web standard; and Lolly, today.
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Everyone else inside Lolly

The story above had room for only some of the names. Here are the rest, grouped by where their work runs in the app.

THE OLDEST CODE IS IN THE AUDIO PATH

pffft - FFTPACK

Inside the voice denoiser sits pffft,
Julien Pommier's fast Fourier trans-
form, itself descended from FFTPACK,
the numerical Fortran Paul Swar-
ztrauber wrote at the US National
Center for Atmospheric Research in
the 1980s. Clean up a voice memo in
Lolly and the maths doing the spec-
tral work is older than the web.

MilkDrop - Butterchurn

MilkDrop, Ryan Geiss's 2001 Winamp
visualiser, lives on as Butterchurn,
Jordan Berg's WebGL reimplementa-
tion, which drives the audiogram visu-
aliser;

presets by more than a hundred Milk-
Drop artists ride along with Butter-
churn.

TYPE, TEMPLATES AND EMOJI

Handlebars - Ajv

Handlebars (Yehuda Katz, 2010), heir
to Mustache's logic-less templating,
fills in every tool template, and Ajv,
Evgeny Poberezkin's JISON Schema
validator, checks every tool manifest
before it loads. Both sit inside the
engine itself.
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libopenmpt

libopenmpt plays tracker modules
(.mod, .xm, .s3m, .it), a format family
that began with Ultimate
Soundtracker on the Amiga in 1987
and passed through Olivier Lapicque's
ModPlug Tracker in 1997. Lolly uses it
for module playback and for baking
that music into video exports.

FLAC

FLAC, Josh Coalson's lossless codec
from 2001, now a Xiph.Org project, is
the signed lossless audio export.

ProseMirror - Tiptap

ProseMirror (Marijn Haverbeke) is the
rich-text editing under the canvas,
wrapped by Tiptap.

EVERYONE ELSE INSIDE LOLLY

LAME

LAME began in 1998 as a set of
changes to the reference MP3
encoder, shared as source code while
MP3 was still under patent. Its lamejs
port does Lolly's MP3 export.

mediabunny - Signalsmith
Stretch - GTCRN

Newer projects sit beside them: medi-
abunny reads and writes Lolly's video
files over WebCodecs, Signalsmith
Stretch (Geraint Luff) time-stretches
and pitch-shifts audio, and GTCRN
(Xiaobin Rong, 2024), a speech
enhancer of barely 48,000 paramet-
ers, is the denoiser wrapped around
that 1980s FFT.

SUSE - SUSE Mono - Outfit

The typefaces are all under the Open
Font License: SUSE and SUSE Mono,
designed by René Bieder with SUSE
and released in 2024, the Outfit vari-
able face, Noto Color Emoji so emoji
render in exports, and Cinzel, Natan-
ael Gama's take on first-century
Roman capitals, the face this site sets
Beatrice Warde's broadside in.
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Twemoji - OpenMoji - Fluent Emoji

The emoji sets were drawn by people who chose to share
them, and each travels with its own credit: Twemoji, which

Lucide

Twitter published in 2014 and which lives on in a community
fork (CC BY 4.0); OpenMoji, made by more than fifty students
and two professors at HfG Schwabisch Gmiind with outside
contributors (CC BY-SA 4.0); Microsoft's Fluent Emoji (MIT);
Google's Noto Emoji (Apache 2.0); and Blobmoji, which keeps
alive the blob faces Google replaced in 2017 (Apache 2.0).

PICTURES, PAGES AND PRINT

libvips - sharp

libvips, John Cupitt's image library,
began around 1990 imaging paint-
ings for the National Gallery in
London; through sharp (Lovell Fuller)
it does the heavy image work in Lolly's
build toolchain and Node shells.

resvg - libheif - three.js

resvg (Yevhenii Reizner) rasterises SVG in the command line's
fast tier. libheif (Dirk Farin) opens iPhone HEIC photos.
three.js, started by Ricardo Cabello in 2010, renders the 3D
and Flythrough tools. lottie-web plays Lottie animations,
gifenc (Matt DeslLauriers) encodes animated GIFs, and

jsPDF - pdf-lib

jsPDF (James Hall) has been writing
PDFs inside browsers for a decade
and a half; with pdf-lib (Andrew
Dillon) beside it, Lolly writes, reads,
merges and strips PDFs on your
device.

EVERYONE ELSE INSIDE LOLLY

The tool icons are Lucide, the community continuation of
Cole Bemis's Feather icons.

DOMPurify

DOMPurify, from Mario Heiderich and
the security firm Cure53, has been the
standard answer to HTML sanitisation
since 2014; every SVG and HTML
upload passes through it before
touching the page.

webgl-noise - Paper Shaders - FilmSim

html2canvas and dom-to-image-more are the raster capture

fallbacks.

MAPS, CODES AND DATA

OpenStreetMap

OpenStreetMap, which Steve Coast
started in 2004, has been mapped by
hand by its contributors ever since.
The Street Map poster tool draws its
roads and waterways from their work,
pre-clipped for more than fifty cities
(map data © OpenStreetMap contrib-
utors, ODbL).
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Natural Earth

Natural Earth, the public-domain
world atlas that cartographers Tom
Patterson and Nathaniel Vaughn Kelso
started in 2009, is the globe inside
the meeting planner, packaged by
Mike Bostock's world-atlas.

The Gradient tool's flow mode runs webgl-noise, Ian McEwan
and Stefan Gustavson's simplex noise shaders from 2011; the
Backdrop tool runs Paper Shaders by Paper Design; the Dark-
room's film looks come from FilmSim, Sébastien Guyader's
public-domain emulations of classic film stocks.

BWIPP - bwip-js - qrcode-svg

BWIPP, Terry Burton's Barcode Writer
in Pure PostScript, encodes Data
Matrix, PDF417, Aztec and a dozen
other symbologies: a reference imple-
mentation written in Adobe's 1984
page description language, run in the
browser by bwip-js. grcode-svg draws
QR codes; the QR code itself is
Masahiro Hara's 1994 design, which
Denso Wave chose never to enforce a
patent on. Reading codes goes the
other way, through zxing-wasm (Ze-
Zheng Wu), which compiles zxing-
cpp, Axel Waggershauser's C++ port
of the ZXing library Google began in
2008 for the first Android phones.
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fflate - Zstandard - kiwi

Every compressed design link and every .lolly file is DEFLATE,
the format Phil Katz published in 1993, implemented today
by Arjun Barrett's fflate. Zstandard (Yann Collet) and kiwi,

EVERYONE ELSE INSIDE LOLLY

yaml - idb - flatpickr
And smaller pieces that each do one thing well: yaml (Eemeli
Aro) for reading and writing YAML, idb (Jake Archibald) over

IndexedDB, flatpickr for dates, Julien Marcou's emoji picker,
and woff2-encoder for font subsetting.

Evan Wallace's binary schema format, written at Figma,

together let Lolly unpack a .fig file; Penpot's open .penpot

format asks for no such effort and imports directly.

MODELS

17

ONNX Runtime
- transformers.js

ONNX Runtime (Microsoft) and trans-

formers.js (Joshua Lochner's project,
now at Hugging Face) are the two
runtimes every model below rides on;
the desktop app also runs ONNX nat-
ively in Rust.

all-MiniLM-L6-v2

all-MiniLM-L6-v2 (the sentence-
transformers project), the embed-
dings under Ask's search.

PP-OCRv5

PP-OCRv5 (PaddlePaddle), reading
text out of images.

Kokoro

Kokoro (hexgrad, 2025), the text-to-
speech voice, with eSpeak NG work-
ing out its pronunciation.

SmolLM2

SmollLM2 (Hugging Face), on-device
rewording.

Real-ESRGAN -
GFPGAN - BlazeFace

Real-ESRGAN (Xintao Wang) with
GFPGAN (Tencent ARC) and
BlazeFace (Google), upscaling and
face restoration.

An Al-text detector fine-tuned on e5-small by May Zhou

An AI-text detector fine-tuned on e5-small by May Zhou.
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Whisper

Whisper (OpenAl, 2022), speech to
text with word-level timing.

U2-Net - MODNet

U2-Net (Xuebin Qin and colleagues)
and MODNet (Zhanghan Ke), back-
ground removal, general and portrait.

TrustMark

TrustMark (Adobe), the deep scan for
invisible watermarks in Verify.
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THE SHELLS AND THE WORKSHOP

Tauri - serde - snow

Tauri builds the desktop and mobile
shells in Rust, on each system's own
web view: WebKitGTK on Linux,
WebKit on macOS and WebView2 on

jsdom

jsdom is the DOM in pure JavaScript;
the command line, the terminal UI

and the MCP server render through it,
so the terminal takes the same render

EVERYONE ELSE INSIDE LOLLY

Ink - React - Babel

Ink (Vadim Demedes) with React
draws the terminal UL React appears
twice: the Sandbox tool ships it with
Babel, so you can write React inside

Windows. Beside it: serde for every path as the browser. Lolly.
message between the app and its
window, snow, an implementation of
Trevor Perrin's Noise Protocol Frame-
work (the same handshake family
WireGuard uses), securing nearby col-
laboration, mdns-sd finding those
devices with the zero-configuration
discovery Apple ships as Bonjour, and
hundreds more Rust crates beneath
them.

Node.js TypeScript - Vite - esbuild

Node.js, which Ryan Dahl released in 2009, runs everything The workshop tools never ship but shaped all of it: TypeScript,
from Anders Hejlsberg, who wrote Turbo Pascal in 1983, plus
Vite (Evan You), esbuild (Evan Wallace again), Biome and

SVGO.

outside the browser.

— ] D

Every licence, in full

Curation is not the record. The record is:

THIRD-PARTY-
LICENSES.txt

THIRD-PARTY-
NOTICES.md

The notices for vendored

Credits files beside
every downloaded
model family

sbom.cdx.json

A CycloneDX software bill
Inside every copy of the of materials for the npm
app: the bundled com-

ponents with their com-

assets, in the repository. and Rust dependency
graphs, more than 1,400

components long.

Credits files beside every
downloaded model
plete licence texts. family, a credit line inside
every emoji set, and
notice files beside

vendored assets.

Lolly itself is open source under the Mozilla Public License
2.0. Mitchell Baker wrote its first version in 1998, when
Netscape decided to publish its browser's source code,

If your work is inside Lolly and credited wrongly here, or
not credited at all, tell us and we will correct the record.
Most open projects ask to be credited, some ask for more,
and version 2.0 followed in 2012. The whole of Lollyison  and a few ask for nothing at all. Lolly honours what each
GitHub. licence asks, and gives credit even where none is asked.
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LOLLY - TRUST

LOLLY.TOOLS

Read this online, with every source linked.

This edition was set in Lolly's Design tool, in SUSE and Cinzel. Diagram Builder
draws the figures, the Gradient tool made the covers and the QR Code tool
made the code beside this note. Every source the online page links to is at
lolly.tools/info/trust/shoulders-of-giants.html.




