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Motivation

Why port Zig to SerenityOS?
It’s fun!
A nice break away from own projects
Wanted to see ZigSelf run on SerenityOS
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SerenityOS (1/2)

Hobby operating system, developed by Andreas Kling
since 2018
Grew to over 700 contributors
Everything is from scratch - kernel, GUI, coreutils,
browser
The whole OS is a monorepo
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SerenityOS (2/2)

I started getting involved in April 2021
Started contributing various fixes soon after
Not much of an active contributor anymore, but it’s still a project I really enjoy
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So…

In February 2022, I wanted to see ZigSelf run on SerenityOS
There is no Zig target for SerenityOS!
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So…
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Humble Beginnings (1/3)

What do you need for Zig to target something?
Just write a target and compile to it
Boring!

Let’s make Zig run on SerenityOS
Helps improve POSIX compatibility of SerenityOS, helps find bugs, etc.
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Humble Beginnings (2/3)

Zig currently needs LLVM to build stuff
If you want Zig on a target, you need LLVM on it first
Self-hosted backends are on the way, but still not ready yet

+ Not even close to usable back in February
Thankfully, SerenityOS already has LLVM!

Just need to handle the Zig bits
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Humble Beginnings (3/3)

What else do we need for Zig on a target?
Zig compiler
Wait what?

Chicken and egg situation
zig-bootstrap solves this
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Making zig cc work (1/2)

Need to verify Zig can produce valid SerenityOS binaries
Don’t want to write a bunch of code that would never work

Let’s compile a simple C program for SerenityOS via zig cc
And then try to build stage1 with that
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Making zig cc work (2/2)

� Host Zig
� Host LLVM

� Target Zig
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Patching non-monorepo LLVM

Serenity patches expect monorepo
zig-bootstrap is not the LLVM monorepo
Daniel split up the patches, thanks Daniel!
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Synchronizing Zig with LLVM

Zig wants its target enums to match LLVM’s perfectly
Static assertions in C++ code
Compiler guides you on where the new value isn’t handled

If you add them there, you have to add them to the Zig side too
serenity has become an official Zig OS target at this point
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A maze of CRT objects, all different (1/2)
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A maze of CRT objects, all different (1/2)

You are not expected to understand this.
The Clang driver for SerenityOS figures out some of it
Just looked at what we have and put in what makes most sense
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The Ununited State of LibC (1/3)

� Host Zig
� Host LLVM

� Target Zig
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The Ununited State of LibC (2/3)

Building a C binary against SerenityOS = knowing which symbols it needs
At the time, libc was being statically linked

Trial and error until the right combination is found
-lpthread -ldl -lm -lunwind
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The Ununited State of LibC (3/3)

And -lc++ too!
LibC needs C++ RTTI!
Unfortunate, but doesn’t seem to create much of a problem

This has mostly been fixed thanks to Tim Schumacher’s work
Thanks Tim!
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So it built… (1/7)

We finally have a C binary targeted to SerenityOS!
Let’s try to run it
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So it built… (2/7)
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So it built… (3/7)

The dynamic loader needs to relocate stuff for you
On other OSes, libc does this for you

Serenity chose to put it in DynamicLoader
We don’t support edgy static binaries yet
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So it built… (4/7)

How to make Zig output a dynamic binary?
-lcore lol
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So it built… (5/7)
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So it built… (6/7)
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So it built… (7/7)
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The Big Guns™ (1/2)

Zig can build a SerenityOS binary
But we haven’t built any Zig code, just C code via Zig

For Zig code to run, it needs to be able to talk to the OS
Two approaches:

Use direct syscalls (Linux)
Go through libc (Everything else?)
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The Big Guns™ (2/2)

� Host Zig
� Host LLVM

� Target Zig
� Target Zlib
� Target LLVM
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Building Zlib and LLVM (1/3)

zlib worked, just needed a hack to add -fPIC
Since fixed on the Serenity side

Let’s build LLVM for Serenity
Can’t find compress2 from zlib…
Let’s add CMAKE_FIND_ROOT_PATH

Still doesn’t work?
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Building Zlib and LLVM (2/3)
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Building Zlib and LLVM (3/3)

Can’t find dlopen and dladdr
Throwback to the libc weirdness from earlier

But beyond that, seems to compile fine with zig cc!
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The Holy Yak (1/6)

� Host Zig
� Host LLVM

� Target Zig
� Target Zlib
� Target LLVM
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The Holy Yak (2/6)

What does it take to add a new OS to std?
SerenityOS’ “stable” syscall interface is libc

Need to add it to the target-specific switch in os.zig
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The Holy Yak (3/6)
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The Holy Yak (4/6)

For the most part, this is just POSIX constants
Grouped by the prefix
errno numbers are an enum though

Need a couple function/struct definitions
A few functions to support various OS features
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The Holy Yak (5/6)

errno strikes back
Global value that libc functions write to
Threads? What are those?

On most OSes errno is fake!
It’s actually a macro that takes the value from __errno_location

SerenityOS had thread-local errno, but it was still public
Caused bizarre 0-sized TLS symbol
Just patch the check out, lol works
Since fixed by doing it like the other OSes
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The Holy Yak (6/6)

Did all that, implemented a directory iterator, etc.
Semantic Analysis successful!
Link not successful!
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“Implementing” POSIX support

Link errors, but this time stuff we’re actually missing
Let’s “implement” them by adding stubs to LibC
What could go wrong?

Fixing this and a couple more errors and…
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zig help On SerenityOS
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Oops, non-working semaphores (1/3)

Waiting on zig build-exe
Uh, waiting for a while..?
Let’s profile it
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Oops, non-working semaphores (2/3)
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Oops, non-working semaphores (3/3)

Okay, semaphores don’t work on Serenity
Andrew suggested rebuilding Zig with -fsingle-threaded
No longer stuck there
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Actually implementing POSIX support (1/3)

Turns out the functions Zig links to are needed by Zig (who could’ve guessed?)
Most of them are stuff like symlinkat, unlinkat, etc. so rather quick to
implement
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Actually implementing POSIX support (2/3)
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Actually implementing POSIX support (3/3)
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Hmm… weird crash (1/7)
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Hmm… weird crash (2/6)

If you change the location or arguments of the prints, the error changes location!
Had to continue the next day

Just keep inserting debug prints until something happens
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Hmm… weird crash (3/6)
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Hmm… weird crash (4/6)

We start getting weirdness right after stage2_version
What’s special about it?
It’s a Zig function being called from C++ code!

What happens if Zig and C++ ABIs don’t match?
No nice compile errors, only
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Hmm… weird crash (5/6)
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Hmm… weird crash (6/6)
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THOU SHALT NOT PASS (1/3)

Credit: kleines Filmröllchen
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THOU SHALT NOT PASS (2/3)
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THOU SHALT NOT PASS (3/3)

My terrible “fix” was inserting a check inside the x86_64 codegen
Thankfully since fixed on Zig upstream
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Zig compiler actually doing stuff on SerenityOS!
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Remaining fixes and LibC stuff

Just need to fix compiler errors until it works now
Add more missing POSIX functions
Add in stack trace support
flock broken? Just make it return 0 lol
Need to tell Zig about the libc installation
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Zig code built and running on SerenityOS
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Just a couple more hacks… (1/2)

Let’s see if I can get ZigSelf working too…
Actually helped me find some portability issues
And yes, it’s running
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Just a couple more hacks… (2/2)
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Aftermath

This work was not upstreamed
stage2 was “very close”
Too many hacks on the SerenityOS side

I had always intended to port again once stage2 was official
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Now for something different…

Now for something different…
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Future work

What’s next? Upstreaming!
Need to upstream the LLVM patches
Find a solution to Serenity’s libc instability

generate-serenity-constants.zig

Upstream Zig target!
Possible to pop up a LibGUI window via Zig?
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Closing thoughts

My work was nowhere close to the scale of both projects
But it wasn’t done since nobody tried it

Any task is achievable, just gotta yakshave!
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Thanks

Andreas Kling Andrew Kelley Andrew Kaster
Ali Mohammad Pur Daniel Bertalan Nico Weber
Tim Schumacher Gunnar Beutner Idan Horowitz
Egor Ananyin Peter Bindels

…and all contributors!
And You…

Challenge Extra Stage: SerenityOS Kernel!
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