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Getting Started

Build your first azul applications — the essentials.
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GUIDE

Hello World

Window setup, state management, DOM creation,

handling mouse clicks for a ,counter” app

Introduction

Welcome to the Azul framework. In this guide you will learn how to write a simple 50-line program
that produces a window with a counter and a button to increase said counter - showcasing how
data models, click callbacks and installation / running Azul applications works.

) @ The minimum viable Azul window — counter |...

)

Increase counter

Because each programming language is different, there's no such thing as ,one hello world
guide” as every language has differences in setup, installation methods and code style.

Each guide is self-contained, you do not need to read the others. Each page walks you through
the same five-step path:

1. Installation or linking the Azul library.

2. Defining a data model.

3. Writing a layout callback that returnsa Dom .

4. Attaching a click callback that mutates the model.

5. Building, running, notes for common pitfalls.



Supported languages
Pick the ,Hello World” / Setup guide for your language:

e Rust
e C(99+)
e C++ (03 -23)

e Python (3.10+)

Coming Up Next

e Hello World [Rust]

e Hello World [C++]

e Hello World [C]
e Hello World [Python]
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GUIDE

Hello World |Rust]

Introduction

Azul is a GUI library written in Rust itself. Therefore, it might seem strange for newcomers to see
the first step being .please download a precompiled .d11 / .so file". However, in practice there
are very significant benefits once you get over this initial hurdle, that massively outweigh the
small disadvantage of having to download one .d11 file:

Fast recompilation times: only one depdency (the API) instead of hundreds from crates.io

e Library can be optimized layout code (hot path) while your Ul binary can be unoptimized
callback code (slow path)

e /target directory now only uses a couple MiB instead of GiB of space

e DLLs can integrate with the OS-native package managers such as apt , yum or brew for
self-updates

e Multiple Azul applications don't duplicate the library code: one update and all applications are
patched

e Faster Cl builds: no more recompilation of hundreds of crates

Additionally, it makes binding to other non-Rust languages also very easy, as Rust isn't the only
language on the planet (yet). The azul-doc codegen system generates the necessary bindings
for various languages from the ,single source of truth” in the api.json . It adapts to each
languages conventions and generates ,wrapepr extras” such as integrations with the languages
generic, string, vector, optional and error types - so you will, in practice, not notice any difference
to a regular ,crates.io” Rust library. You will only notice that your Rust code will recompile much
faster and your binary size is now in the kilobyte range.

Installation

Dynamic ,,DLL" linking

First, get the prebuilt library. On Debian/Ubuntu and Fedora/RHEL you can install the .deb /
.rpm package from the GitHub release (installs /usr/1lib/libazul.so ):



# 1inux - Debian / Ubuntu Copy

curl https://github.com/fschutt/azul/releases/download/0.2.0/azul_0.2.0_amd64.deb
sudo apt install ./azul_0.2.0_amd64.deb

# linux - Fedora / RHEL

curl https://github.com/fschutt/azul/releases/download/0.2.0/azul-0.2.0-1.x86_64.rpm
sudo dnf install ./azul-0.2.0-1.x86_64.rpm

Instead of downloading the .deb manually, Debian/Ubuntu users can also subscribe to the self-
hosted apt repository served from azul.rs (it is unsigned, hence the explicit [trusted=yes] ):

echo "deb [trusted=yes] /ui/apt stable main" | sudo tee /etc/apt/sources.list.d/azul. Copy
sudo apt update
sudo apt install azul

On macOS, a self-hosted Homebrew tap (a real git repository served from azul.rs) installs
libazul.dylib intothe Homebrew prefix; point AZ_LINK_PATH at $(brew --
prefix)/1lib/libazul.dylib :

brew tap fschutt/azul /ui/homebrew-azul.git Copy
brew install fschutt/azul/azul

There is currently no Chocolatey package, AUR or Alpine repository. On Windows, download the
prebuilt DLL for your OS from the release page instead:

# windows Copy
curl.exe /ui/release/0.2.0/azul.dll

# linux

curl Jui/release/0.2.0/1ibazul.so

# macos (Apple Silicon; Intel: libazul.x86_64.dylib)

curl Jui/release/0.2.0/1ibazul.dylib

You will then only have one ,Rust dependency” when executing cargo tree , as the code in the
DLL is already precompiled.

If you downloaded the DLL manually (instead of the .deb / .rpm ), export
AZ_LINK_PATH=/path/to/libazul.dylib (or .so / .d11):


http://localhost:8799/ui/release/0.2.0

note: lenient DLL path discovery by build.rs Copy

also accepts the folder path (/my/path/to) and

auto-discovers .a vs .dylib artifacts (prefers the latter)

O O™ W O® R

build.rs defaults to system-installed libazul if unset
export =/my/path/to/libazul.so

Now, you only have to add the main crate (the API bindings) to your project. Azul is not published
on crates.io yet, and the crate's Rust API surface is GENERATED by the in-repo azul-doc tool
(the generated sources are not committed), so a bare --git dependency cannot build. Clone
the repo at the release tag, run the generator once, then depend on the crate by path (the
package is named azul-dll ;renamingitto azul givesyouthe usual use azul::prelude: :*
paths):

# one-time: clone the repo at the release tag + generate the bindings Copy
git clone 1 0.2.0 https://github.com/fschutt/azul
cargo run --manifest-path azul/Cargo.toml azul-doc codegen all

# create new project and depend on the dll crate by path

cargo new hello-azul

cd hello-azul

cargo add azul-dll azul .. /azul/d1ll \
--no-default-features link-dynamic

(If you keep the generated files somewhere else, point the build at them with export
AZ_CODEGEN_DIR=/path/to/generated-sources .)

The build.rs will then automatically configure cargo to link against that library (important for
shipping to users). Otherwise, it will try to link against the system-installed libazul library or panic
with a helpful message if your system isn't correctly configured.

Now your application will only be a couple hundred KB large and (re-)compile very fast, since
rustc only has to recompile your couple of functions, not the azul library code. Note that dynamic
linking is NOT the default feature set - you have to select it with default-features = false,

features = ["link-dynamic"] :

[dependencies.azul] Copy

package = "azul-dll"
path = "../azul/dll"
default-features = false

features = ["link-dynamic"]



The build.rs system s relatively smart: if you have azul installed on your system, but
AZ_LINK_PATH is missing, it will link against the system library. So, installing the .deb / .rpm
package (or downloading the DLL and exporting AZ_LINK_PATH ) followed by cargo run should

work (if not, open a ticket).

Static ,,Rust-native* linking

The non-recommended, but still ,easiest way"” to ,.simply install” Azul is the 1ink-static
feature, which does a full ,build from source” build. It is part of the crate's default feature set, so
you get it by simply omitting the --no-default-features --features link-dynamic flags from
the cargo add above.

# build from source (the transitive Copy

# dependencies come from crates.io0)
dependencies.azul

package "azul-dll"

path "../azul/d1l"

features "link-static”

This will give you a guaranteed build, but it will download all dependencies from crates.io and
compile the ~300 dependencies into a bloated ~20MB binary instead of a few hundred KB. You'll
also have to compile your code in --release mode, as usually the performance of the
framework will be too slow in debug mode. Compiling from source should take about 2 - 4
minutes. It is also slow to recompile, as rustc will re-link all dependencies.

The only upside is that your binary is now a self-contained executable without any external
dependencies. However, you can get the same end-user experience by simply bundling the

.dylib / .d11 / .so ,orjustdownloading the .a file instead ofthe .dylib file - then your
code will still be statically linked in a single binary, but recompile faster.

Simple .,,Counter” Example

The simplest example to showcase Azuls model is only about ~30 lines long:

// “prelude::*" brings in "App , AppConfig , "Dom’, Copy
// “RefAny , “Update’, “LayoutCallbackInfo,

// “CallbackInfo’, and "WindowCreateOptions"

use azul::prelude: :*

// “widgets::Button  is the built-in button widget

// widgets have to be imported separately, not in prelude



use azul: :widgets: :Button;

// Define your application data as a plain struct.
struct DataModel {
// The "single source of truth" for your application state

counter: usize,

// Callback that maps f(DataModel) -> Dom - runs once on

// startup and when “Update::RefreshDom™ 1is returned by a callback
extern "C"

fn my_layout_func(mut data: RefAny, _: LayoutCallbackInfo) -> Dom {

// "RefAny" 1s a boxed struct that can do a

// "checked downcast" to your struct

let counter = match data.downcast_ref::<DataModel>() {
Some(d) => format!("{}", d.counter),
None => return Dom::create_body(),

3,

// .with_css("...") is the builder counterpart of .set_css(...) - it
// consumes self and returns a new Dom, so we can chain it inline.
// Canonical shape: body > div{font-size:32px} > text(counter).
let label_dom = Dom::create_div()

.with_css("font-size: 32px")

.with_child(Dom: :create_text(counter.as_str()));

// We use the "button" widget with its own API

let mut button = Button::create("Update counter");

// data.clone() simply bumps the refcount on the refany (thread-safe)
// and sets what callback handler we will use to mutate this RefAny
// when the button is actually clicked
button.set_on_click(data.clone(), my_on_click);

// Convert the button to a Dom, then override styling via the builder.
let button_dom = button.dom().with_css("flex-grow: 1");

// Final setup and return

Dom: :create_body ()
.with_child(label_dom)
.with_child(button_dom)

extern "C"

fn my_on_click(mut data: RefAny, _: CallbackInfo) -> Update {

// Downcast can theoretically fail, but this is not a problem
// 1in practice: worst case clicking button does nothing
let mut data = match data.downcast_mut::<DataModel>() {
Some(s) => s,
None => return Update::DoNothing, // error

[



// Here we now mutate the actual data...
data.counter += 1;

// And tell Azul to queue a new my_layout_func invocation

// (dom build -> cascade -> relayout -> display list -> render)

//
// NOTE: Azul aggressively caches resources, diffs the UI after

// layout() and reuses layout results. For quick animations,
// there are other ways to optimize performance later
Update: :RefreshDom

fn main() §
// Initialize your data model, in whatever way
let data = DataModel § counter: @ ?;
// AppConfig discovers all the "system config", which you can override,
// i1.e. it will discover "system-native styling", monitors, etc.
let app_config = AppConfig::create();
// We can now configure the window(s) to spawn on startup

//

// NOTE: routing, like in a single-page application, is then later

// done by swapping the layout callback - this is the "/" default route
let window_config = WindowCreateOptions::create(my_layout_func);

// We now "move" the ownership of our data model into the framework

let app = App::create(RefAny: :new(data), app_config);

// Runs the window - on Win32, this call does not return

// On other systems it depends on the window_config settings

app.run(window_config);

Five things to notice.

e extern "C" — every callback crosses the FFI boundary, even in the ,Rust-native” case. The
signature must be extern "C" fn(RefAny, LayoutCallbackInfo) -> Dom , as Azul uses the
C calling convention instead of the unstable Rust calling convention.

e downcast_ref::<DataModel>() — the runtime cast that recovers your concrete struct from
the type-erased RefAny .Itreturns Option<Ref<DataModel>> (the _mut variantreturns
Option<RefMut<DataModel>> ) because at the FFI boundary, the framework cannot statically
know the type. The borrow is checked at runtime; if another part of the program already holds
a borrow, the cast fails and you must return Update: :DoNothing .

e Dom::create_p_with_text , Dom::create_div , Dom::create_body — primitive node
constructors. Everything else (buttons, lists, scroll regions) builds on top of them.

e with_css("...") / set_css("...") — bothaccepta CSS string. with_css isthe builder
form (consumes self ,returnsanew Dom ), set_css mutates in place. Multi-property
strings are valid: "font-size: 50@px; color: white;" .You can also directly configure



:hover §{ ¥, :focus { } and @media ... §{ }, @os(macos >= sonoma) { % dynamic
queries directly inline — in difference to regular CSS.

e data.clone() — RefAny::clone bumps the reference count, does not deep-copy your
struct. The clone is handed to the button so the click handler can downcast it later.
There are some parts we didn't use such as, which might be interesting to explore next.
e _: LayoutCallbackInfo : carries read-only access to the system font cache, image cache,
GL context, window size, routing and localization dictionaries
e WindowCreateOptions configure window title, size, and decorations (covered in windowing).

e CallbackInfo has lots of functions with which to navigate, query the DOM, change CSS
styles (without needing to rebuild the DOM), query computed layout and styles, etc.

Build and run

cargo run copy

You should see the window pictured on the hello-world landing_page. Click the button: the
counter increments, the layout callback re-runs, and the new value renders.

1. App::run opened a native window and ran the layout callback once with your RefAny .

2. Thereturned Dom was styled, laid out, and rendered (default: CPU-rendered, because of bad
driver issues: usually this is fast enough, can be GPU-rendered if necessary).

3. 0On click, the button's event filter matched a MouseUp inside its hit-test bounds. The
framework borrowed your RefAny mutably, ran my_on_click , observed the
Update: :RefreshDom return, and re-invoked the layout callback.

4. The new Dom was diffed against the previous one; only the changed text node was
repainted.

Common errors

e downcast_ref returns None —the RefAny is already mutably borrowed elsewhere, or it
holds a different type. Return Dom::create_body() (or Update::DoNothing )and
investigate.

¢ The window opens blank — verify your layout callback actually returns a
Dom: :create_body() with children. An empty Dom renders to a blank window.
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¢ The counter does not update — your click callback returned Update: :DoNothing . Change
to Update::RefreshDom .

Coming Up Next

¢ Application Architecture — Explains the concepts of architecting a larger Azul application

e Document Object Model — The Dom tree - node types, hierarchy, and CSS

e Hello World [Python]
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Hello World |C]

Introduction

C is the ,native” surface of Azul. Every other language binding (Rust, C++, Python, ...) ultimately
calls into the same azul.h symbols described here, so anything that works in C works
everywhere.

The good news is that you do not have to build Azul ,from scratch” as a C user. The library ships
as a prebuilt DLL and a single header file, both of which you can drop into an existing project and
link like any other system library.

Installation

Pre-built DLL (recommended)

On Debian/Ubuntu and Fedora/RHEL you can install the prebuilt package straight from the
GitHub release:

# 1inux - Debian / Ubuntu (installs /usr/include/azul.h + /usr/1lib/1libazul.so) Copy
curl

https://github.com/fschutt/azul/releases/download/0.2.0/azul_ _amd6é4.deb

sudo apt install ./azul_ _amd64.deb

# linux - Fedora / RHEL
curl https://github.com/fschutt/azul/releases/download/0.2.0/azul-0.2.0-1.x86_64.rpm
sudo dnf install ./azul-0.2.0-1.x86_64.rpm

ARM64 and other architectures are on the GitHub releases page. The .deb / .rpm installs

libazul.so plusthe azul.h headerinto the standard system locations, so a plain cc hello-
world.c -lazul will pick everything up.

Instead of downloading the .deb manually, Debian/Ubuntu users can also subscribe to the self-
hosted apt repository served from azul.rs (it is unsigned, hence the explicit [trusted=yes] ):


https://github.com/fschutt/azul/releases/tag/0.2.0

echo "deb [trusted=yes] /ui/apt stable main" | sudo tee /Jetc/apt/sources.list.d/azul. Copy
sudo apt update
sudo apt install azul

On macO0S, a self-hosted Homebrew tap (a real git repository served from azul.rs - no external
registry involved) installs 1ibazul.dylib plus azul.h:

brew tap fschutt/azul /ui/homebrew-azul.git Copy
brew install fschutt/azul/azul

Experimental Chocolatey / Arch / Alpine mirrors are published best-effort under
azul.rs/ui/{nuget,arch,alpine? . On Windows (and for Cl on any platform), download the
header and the library directly from the release page:

# header (same file on every platform) Copy
curl Jui/release/0.2.0/azul.h

# windows (plus azul.lib if you 1link with MSVC)

curl.exe Jui/release/0.2.0/azul.dll

# 1inux

curl Jui/release/0.2.0/1ibazul.so

# macos (Apple Silicon; Intel: libazul.x86_64.dylib)
curl Jui/release/0.2.0/1ibazul.dylib

You then either install both into a system path or pass -I and -L tothe compiler.

Simple ,,Counter” Example

The C version of the counter is about ~60 lines (without comments):

#include "azul.h" Copy
#include <stdio.h>
#include <string.h>

// Tiny helper: turn a compile-time string literal into an AzString.

// AzString_fromConstStr is a designated-initializer macro - in expression
// context it needs a compound-literal cast to ~(AzString){...3} . The

// resulting AzString just points at the literal (which 1lives in .rodata)
// with a NoDestructor - zero allocation. For runtime-built strings, see

// AzString_copyFromBytes further down.


http://localhost:8799/ui/release/0.2.0

#define AZ_CONST_STR(s) ((AzString)AzString_fromConstStr(s))

// Data model: Plain old struct - the "single source of truth" for app state.
typedef struct { uint32_t counter; } MyDataModel;

// Called once when the framework drops the last RefAny pointing at
// our struct. No heap allocation here, so the body is empty.
void MyDataModel_destructor(void* m) { }

// AZ_REFLECT expands into a small set of helper functions:

//

// MyDataModel_upcast(struct) -> AzRefAny

// MyDataModel_downcastRef (&refany,&MyDataModelRef) -> bool (const access)
// MyDataModel_downcastMut(&refany, &MyDataModelRefMut) -> bool (mutable access)
//

// It stores a compiler-generated tag in the RefAny, so that the

// framework can verify the type-safety casts at runtime.

//

// Alternatively, use AZ_REFLECT_JSON if you want to plug into the

// state-hot-reload machinery (requires you to supply todson /

// fromJdson callbacks).

AZ_REFLECT(MyDataModel, MyDataModel_destructor);

// AZ_REFLECT_JSON(MyDataModel, destructor_fn, todson, fromJdson)

// Forward-declare on_click so layout() can pass it to the button.
// ALl UL callbacks share this same signature.
AzUpdate on_click(AzRefAny data, AzCallbackInfo info);

// f(DataModel) -> Dom. Runs once on startup and again after every
// callback that returns Update::RefreshDom.
AzDom layout(AzRefAny data, AzlLayoutCallbackInfo info) {

// We downcast non-mutably from the RefAny to our MyDataModelRef
// (generated by AZ_REFLECT macro). We only want to read the counter
// so we don't use the "RefMut" here.
MyDataModelRef d = MyDataModelRef _create(&data);
if (!MyDataModel_downcastRef(&data, &d)) {
// _delete is safe even though the downcast failed: it only
// releases what _create allocated and skips the borrow-count
// decrease when .ptr was never set.
MyDataModelRef_delete(&d);
return AzDom_createBody();

// Format the counter value into a string and immediately
// release the const borrow - we don't need it further.
char buffer[20];

int written = snprintf(buffer, 20, "%d", d.ptr->counter);
MyDataModelRef_delete(&d);

// copy the bytes to an owned AzString, since char[20] will
// go out of scope at the end of this function



AzString label_text = AzString_copyFromBytes(
(const uint8_t*)buffer,
Q@ /* start */,
written /* num_bytes to copy */

)

// AzDom_create_text would just creates the raw inline text node
// ("p::itext" in CSS) - but we have to wrap it in a <p> block here
AzDom label_dom = AzDom_createPWithText(label_text);
AzDom_setCss(&label_dom, AZ_CONST_STR(

"font-size: 50px;"

)

// Button widget - has its own helper API on top of Dom
AzButton button = AzButton_create(AZ_CONST_STR("Increase counter"));
AzButton_setButtonType(&button, AzButtonType_Primary);

// RefAny_clone bumps the refcount - clone ownership
// is moved into the AzButton so the AzButton

// can hand it back to on_click later.

AzRefAny data_clone = AzRefAny_clone(&data);
AzButton_setOnClick(&button, data_clone, on_click);

// Convert the button widget to a plain Dom node so we
// can append it like any other.
AzDom button_dom = AzButton_dom(button);

// Final wrapup and return

AzDom body = AzDom_createBody();
AzDom_addChild(&body, label_dom);
AzDom_addChild(&body, button_dom);
return body;

// Click callback, framework invokes this function pointer
// when the button's hit-test matches a MouseUp event.
AzUpdate on_click(AzRefAny data, AzCallbackInfo info) {

// Now we use the RefMut variant (generated by AZ_REFLECT),
// to perform the runtime borrow check. Failure means the RefAny
// 1s already borrowed elsewhere or holds a different type.
MyDataModelRefMut d = MyDataModelRefMut_create(&data);
if (!MyDataModel_downcastMut(&data, &d))
// You could debug here. _delete is safe on this failure
// path too - see the note in layout() above.
MyDataModelRefMut_delete(&d);
return AzUpdate_DoNothing;

// Actually increase the counter behind the MyDataModelRefMut
// (thread safe, no other thread has access to this at this point)

d.ptr->counter += 1;



// ALWAYS pair _create with _delete before returning - on every
// path, including failed downcasts. Forgetting it after a

// successful downcast leaves the RefAny borrowed and the next
// downcast will fail.

MyDataModelRefMut_delete(&d);

// RefreshDom now queues a new layout() invocation:
// dom build -> cascade -> relayout -> display list -> render
return AzUpdate_RefreshDom;

int main()

// Initialize the data model
MyDataModel model = { .counter = 5 };

// Move ownership of the model into a RefAny.
AzRefAny data = MyDataModel upcast(model);

// Configure the window(s) to spawn on startup. layout() is the

// "/" default route; SPA-style routing is done later by swapping
// the layout callback on a window.

AzWindowCreateOptions window = AzWindowCreateOptions_create(layout);

// Play with the window options
window.window_state.title = AZ_CONST_STR("Hello World!");
window.window_state.size.dimensions.width = 400.0;

window.window_state.size.dimensions.height = 300.0;

// OS draws close/min/max buttons; framework auto-injects a
// draggable titlebar above our content.
window.window_state.flags.decorations =
AzWindowDecorations_NoTitleAutoInject;
window.window_state.flags.background_material =
AzWindowBackgroundMaterial_Sidebar;

// AppConfig discovers system-native styling, monitor layout, etc.
AzApp app = AzApp_create(data, AzAppConfig_create());

// Blocks until the last window closes (on Win32 this never

// returns; on other systems it depends on window_config flags).
AzApp_run(&app, window);

AzApp_delete(&app);

return Q;

Five things to notice.



AZ_REFLECT(...) — generates the upcast/downcast helpers and a runtime type tag the
framework uses to verify casts. The destructor parameter is a function pointer the framework
calls when the last RefAny referencing your struct is dropped:; if your struct owns heap data,
free it here. The longer form AZ_REFLECT_JSON(struct, destructor, toJson, fromJson)
additionally plugs into the state-hot-reload machinery — not needed for hello-world.

FooRef_create / FooRef_delete — every _create must be paired witha _delete before
the function returns, on the success andthe failure path. _delete is failure-safe: if the
downcast never succeeded ( .ptr isstill @ ), it only releases the bookkeeping that

_create allocated and does not touch the borrow count. After a successful downcast it is
the C version of Rust's RefMut going out of scope: it releases the runtime borrow on this
RefAny instance.

AzRefAny_clone — bumps the reference count, does not deep-copy your struct. The second
RefAny is moved into the button so the click handler can downcast it later. Cloning is
thread-safe (refcount is atomic).

AzString_fromConstStr vs AzString_copyFromBytes — strings cross the FFl as length-
prefixed UTF-8 buffers, not const char* . For compile-time string literals,
AzString_fromConstStr (wrappedinour AZ_CONST_STR macro) is a zero-allocation
designated initializer: the resulting AzString just pointsat .rodata and carriesa
NoDestructor so the framework will not try to free it. For runtime-built strings (e.g. the
counter snprintf 'dinto a stack buffer above), use AzString_copyFromBytes instead — it
copies the bytes into a refcounted heap buffer so the framework can outlive your stack
frame. For NUL-terminated runtime strings, azul.h also ships the shorthand AZ_STR(s) .
which expands to AzString_copyFromBytes((const uint8_t*)(s), @, strlen(s)) .

e AzDom_setCss("...") — acceptsa CSS string, the C analogue of Rust's set_css . Multi-
property strings are valid: "font-size: 5@0px; color: white;" .You can also embed
:hover § ¥, :focus § }, @emedia ... §{ ¥, @os(macos >= sonoma) § } dynamic queries
directly inline — in difference to regular CSS. The string is parsed once on the first cascade
and cached, so this is not a per-frame cost. (For programmatic, type-safe access without a
CSS string round-trip, use AzDom_addCssProperty withthe AzCssProperty_* constructors
instead.)

Things we did not use that you may want to explore next.

e AzlLayoutCallbackInfo — read-only access to the system font cache, image cache, GL
context, current window size, routing, and localization dictionaries.

e AzCallbackInfo — many functions for navigating the DOM, mutating CSS without rebuilding
the tree, querying computed layout / styles, etc.

e AzWindowCreateOptions — title, size, decorations, transparency, monitor pinning. Covered in
windowing.
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Build and run

If you installed 1libazul throughthe .deb / .rpm package, the header and the shared library
live in standard locations and the compiler will find them on its own — one line is enough:

cc hello-world.c hello-world Copy
./hello-world

(On Windows the equivalentis c1 hello-world.c azul.dll.lib once the downloaded MSVC
import library azul.dll.lib is on the linker search path, with azul.d1l1 nextto the resulting
.exe atruntime.)

If you downloaded the header and DLL manually (or built from source), you have to point the

compiler at them explicitly. -I / -L addinclude and link search paths; -W1,-rpath tellsthe

dynamic loader where to find 1ibazul.{so,dylib} atruntime so you do not have to set
LD_LIBRARY_PATH (Linux)or DYLD_LIBRARY_PATH (macOS) every time you run the binary.

# Linux Copy

cc hello-world.c
-I/path/to/azul-headers
-L/path/to/azul-1ib

-Wl, -rpath, /path/to/azul-1ib
hello-world

# macOS — @executable_path resolves relative to the binary, so you can
# ship the .dylib next to the .bin and the loader will pick it up
cc hello-world.c
-I/path/to/azul-headers
-L/path/to/azul-11ib
-Wl, -rpath,@executable_path/.
hello-world

# Windows (MSVC) — drop azul.dll next to the .exe at run time
cl hello-world.c /I path\to\azul-headers "
/1link /LIBPATH:path\to\azul-1ib azul.dll.1lib

You should see the window pictured on the hello-world landing_page. Click the button: the
counter increments, the layout callback re-runs, and the new value renders.

1. AzApp_run opened a native window and ran layout() once with your RefAny on startup.

2. Thereturned AzDom was styled, laid out, and rendered (default: CPU-rendered; can be GPU-
rendered if needed).
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3. 0n click, the button's event filter matched a MouseUp inside its hit-test bounds. The
framework borrowed the RefAny mutably, ran on_click , observed the
AzUpdate_RefreshDom return, and re-invoked Tlayout() .

4.The new AzDom was diffed against the previous one; only the changed text node was
repainted.

Common errors

¢ Linker reports unresolved Az* symbols — the dynamic library is not on the linker path.
Check -L and -1 (or LIBPATH on MSVC).

¢ Runtime: ,library not found” — the loader cannot find 1libazul.{so,dylib,d1l1} . On Linux
export LD_LIBRARY_PATH ; on macOS use -W1l,-rpath,@executable_path/. ; on Windows
place azul.dll nexttothe .exe .

e downcastMut / downcastRef returns false — usually a missing _delete somewhere is
leaving the RefAny borrowed. Less commonly, it holds a different type than you think.
Return AzUpdate_DoNothing (or AzDom_createBody() )and audit your borrow scopes.

e Counter does not update on click — the click callback returned AzUpdate_DoNothing , or
the downcast failed silently. Add a printf to the failure branch to verify.

¢ The window opens blank — the layout callback returned AzDom_createBody() with no
children, orthe _addChild calls were applied to the wrong node.

Building from source

Only needed if you want to track master or patch the library locally:

# git clone https://github.com/fschutt/azul Copy
# cd myfolder/azul
# generate the bindings from api.json (required)

cargo run azul-doc -- codegen all
# build the actual DLL with the now-generated .rs C-API bindings
cargo build azul-d1ll build-d1l1l

Notice the required --features build-dl1l, as thisis a flag to .build the DLL, don't link to it”. The
DLL lands at target/release/libazul.{so,dylib} (or azul.dll ). The headeris previously
generated by azul-doc codegen all andendsupat target/codegen/azul.h .Copy both
somewhere your C compiler can find.



Coming Up Next

e Application Architecture — Explains the concepts of architecting a larger Azul application

e Document Object Model — The Dom tree - node types, hierarchy, and CSS

e Hello World [C++]
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http://localhost:8799/ui/guide/hello-world/cpp

GUIDE

Hello World |C++]

Introduction

The C++ binding is a thin, header-only wrapper over the C ABI: same DLL, same azul.h
underneath, but on top you get RAIl types, builder methods, integration with std::string /

std::optional / std::expected / std::span ,and template-based reflection. The wrapper is
generated separately for each C++ standard, so it scales from -std=c++03 (Colvin-Gibbons
move emulation) all the way to -std=c++23 (deducing this , std::expected ).

There is one wrapper header per standard rather than a single ,C++ header”, because C++ has
shifted significantly between standards (move semantics, auto , structured bindings, concepts,
modules, ...). Pick the one that matches the standard you compile with. This guide is written for
C++17, which is representative of what most projects use today; C++20/23 add the same features
as C++17 plus the ones called out below.

Installation

Pre-built DLL (recommended)

Same as the C installation: on Debian/Ubuntu and Fedora/RHEL, install the prebuilt package from
the GitHub release (it installs 1ibazul.so and azul.h into standard system locations):

# 1linux - Debian / Ubuntu Copy
curl https://github.com/fschutt/azul/releases/download/@.2.0/azul_0.2.0_amd64.deb
sudo apt install ./azul_0.2.0_amd64.deb

# 1linux - Fedora / RHEL
curl https://github.com/fschutt/azul/releases/download/@.2.0/azul-0.2.0-1.x86_64.rpm
sudo dnf install ./azul-0.2.0-1.x86_64.rpm

Instead of downloading the .deb manually, Debian/Ubuntu users can also subscribe to the self-
hosted apt repository served from azul.rs (it is unsigned, hence the explicit [trusted=yes] ):
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echo "deb [trusted=yes] /ui/apt stable main" | sudo tee /Jetc/apt/sources.list.d/azul. Copy
sudo apt update
sudo apt install azul

On macO0S, a self-hosted Homebrew tap (a real git repository served from azul.rs) installs
libazul.dylib plusthe C header azul.h (you still need to download the C++ wrapper header
below):

brew tap fschutt/azul /ui/homebrew-azul.git Copy
brew install fschutt/azul/azul

There is currently no Chocolatey package, AUR or Alpine repository. On Windows (and for Cl on
any platform), download the C++ wrapper header and the library directly from the release page:

# wrapper for the C++ standard you target Copy
curl Jui/release/0.2.0/azull7 . hpp
# also: azul@3.hpp, azulll.hpp, azulld.hpp, azul20.hpp, azul23.hpp

# the C header - every azul<NN>.hpp does #include "azul.h"
curl Jui/release/0.2.0/azul.h

# windows (plus azul.dll.lib, the MSVC import library, if you link with MSVC)

curl.exe Jui/release/0.2.0/azul.d1ll

# 1inux

curl Jui/release/0.2.0/1ibazul.so

# macos (Apple Silicon; Intel: libazul.x86_64.dylib)
curl Jui/release/0.2.0/1ibazul.dylib

You then either install both into a system path or pass -I and -L tothe compiler.

Pick a language standard

Each header wraps the same C ABI; the deltas are real, not cosmetic. What you actually get per
standard, in code:

e azuld3.hpp — N0 noexcept , N0 move semantics. Uses the Colvin-Gibbons trick to return
non-copyable RAIl objects. Reflection goes through the AZ_REFLECT(StructName) macro,
which emits StructName_upcast / _downcast_ref / _downcast_mut . Notemplate
metaprogramming on the user side.
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e azulll.hpp — noexcept everywhere, real move semantics, lambdas. AZ_REFLECT is
replaced by template members on RefAny itself: RefAny::create<T>(model) (factory;Tis

deduced from the argument), refany.downcast_ref<T>() , refany.downcast_mut<T>() ,

RefAny: :type_1d<T>() . No per-type macro line —any T you handto RefAny::create
registers itself the first time it is instantiated.

e azull4.hpp — same as C++11plus RefAny::type_1id_v<T> (variable- template shorthand

for RefAny::type_id<T>() )and auto -return functions.

e azullZ.hpp — adds:

o

(o]

o

std::string_view sibling overloads on every String -taking method, so "foo"sv
flows in withouta String(...) wrapping step;

[[nodiscard]] on factory and constructor methods;

Option<T>::toStdOptional() -> std::optional<Inner> plusthe matching implicit
conversion. When the payload has a wrapper class, Inner IS that wrapper

( std::optional<String> , not std::optional<AzString> ); for non-copy payloads the
conversion is && -qualified (consuming) so ownership moves into the std::optional
exactly once;

structured bindings on every ResultXxx wrapper: auto [ok, err] =
std::move(result); works without per-class hooks.

e azul20.hpp — adds:

o

o

(o]

the azul::ReflectableModel concept;the RefAny::create / downcast_ref /

downcast_mut / type_id template members are constrained by it, so feeding a non-
reflectable type produces a readable requires-clause error rather than a wall of template-
instantiation noise;

Vec<T>::toSpan() -> std::span<T> for zero-copy access;

a sibling azul.cppm module partition file (generated by azul-doc codegen all , not
part of the release downloads). With a modules-aware toolchain you can import azul;
instead of #include "azul2@.hpp" .

e azul23.hpp — adds:

o

Result<Ok, Err>::toStdExpected() && -> std::expected<Ok, Err> andthe
matching implicit conversion. Methods returning a ResultXxx wrapper can be assigned
straightinto a std::expected<Ok, Err> ,then chained monadically with .and_then /

.or_else . Ok / Err arethe wrapper classes when one exists ( std: :expected<Url,
UrlParseError> , not std::expected<AzUrl, AzUrlParseError> ) — the expected owns
them.

Deducing- this builder methods: every with_* is emitted asa template<class Self>
auto with_xxx(this Self&& self, ..) sothe same method body works on |-values and
r-values without separate const& / && overloads.



The example below is C++17 — representative of what most projects write. The full set of C++
examples lives under examples/cpp/cpp<NN>/ inthe repository; each standard's hello-
world.cpp exercises that standard's own features.

Simple ,,Counter” Example

The C++17 version of the counter is about ~50 lines (without comments). The wrapper types own
their Az* handle and free it on destruction, so unlike C you do not have to pair every _create
with a _delete — RAIl does that for you:

#include "azull7.hpp" Copy
#include <optional>
#include <string>

#include <string_view>

// Brings in RefAny, Dom, App, String, Css, Button, WindowCreateOptions,
// Raw C types remain Az*-prefixed; wrapper types have no prefix.

using namespace azul;

using namespace std::string_view_literals;

// Data model: a plain struct - the "single source of truth" for app state.
// No AZ_REFLECT macro line in C++11l+: reflection is template-based.
struct MyDataModel §
uint32_t counter;
// OptionXxx wrappers convert implicitly to std::optional<Inner>, so a
// model field that nullably caches a parsed URL keeps its source-of-
// truth shape while the rest of the app reads it as std::optional.
std: :optional<Url> last_url;

// Callback signatures take the raw C types because the framework

// dispatches through C function pointers. The framework hands every
// callback an OWNED AzRefAny (a refcount+l clone), so the first thing
// the body does 1is adopt it into the RAII "RefAny  wrapper - the

// wrapper's destructor releases that reference when the callback

// returns. (Calling the free “azul::downcast_ref<T>(data) on the raw
// parameter without adopting it would leak one strong reference per
// invocation.)

AzUpdate on_click(AzRefAny data, AzCallbackInfo info);

// f(DataModel) -> Dom. Runs once on startup and again after every
// callback that returns Update::RefreshDom.

AzDom layout(AzRefAny data, AzlLayoutCallbackInfo info) {

// Adopt the owned reference; ~RefAny drops it on return.
RefAny data_wrapper(data);

// Member downcast: returns const T* (or nullptr on type mismatch).



// Per-type identity is derived from the address of a template-

// instantiated static, so the compiler stamps a unique tag per T at
// link time. No AZ_REFLECT macro, no per-type registration.

auto* d = data_wrapper.downcast_ref<MyDataModel>();

if (!d) return Dom::create_body();

// To pass the data to the button's click handler we clone the
// wrapper. clone() bumps the refcount; the clone is owned by the
// button and released when the button's DOM node is destroyed.
//
// String-taking methods gained std::string_view overloads in C++17,
// so "..."sv literals flow straight in. .with_* methods consume
// *this and return a new value, so chain them inline. The Dom's
// r-value “operator AzDom() does the C-ABI conversion implicitly
// on return, so no " .release() 1is needed.
return Dom: :create_body()
.with_child(Dom: :create_div()
.with_css("font-size: 32px;"sv)
.with_child(Dom: :create_text(String(std::to_string(d->counter).c_str()))))
.with_child(Button::create("Increase counter'sv)
.with_button_type(ButtonType: :Primary) // scoped enum constants
.with_on_click(data_wrapper.clone(), on_click)
.dom());

// Definition of the click callback forward-declared above. The framework

// invokes this through a C function pointer when the button's hit-test

// matches a MouseUp event.
AzUpdate on_click(AzRefAny data, AzCallbackInfo info) {

// Adopt the owned reference here too, then use downcast_mut - the
// mutable counterpart. nullptr means the type tag doesn't match.
RefAny data_wrapper(data);

auto* d = data_wrapper.downcast_mut<MyDataModel>();

if (!d) return Update: :DoNothing;

d->counter += 1;

// Update::RefreshDom queues a new layout() invocation:

// dom build -> cascade -> relayout -> display list -> render

// (the constant's type is the raw AzUpdate, so it flows straight
// through the C fn-ptr return; AzUpdate_RefreshDom works too)
return Update: :RefreshDom;

// Every ResultXxx wrapper destructures into (std::optional<Ok>, std::optional<Err>)

// via the codegen's tuple_size / tuple_element specializations. No per-class

// helper - just structured bindings.

static voild demo_structured_bindings() {

auto [ok, err] = std::move(Url::parse("https://example.com/"sv));
if (ok) §

// *ok is an AzUrl; the Url wrapper would adopt it via Url(*ok).
t else if (err) {



// *err 1s an AzUrlParseError.

int main() §

// Initialize the data model. std::nullopt as a model field is fine -
// 1t'1l convert to AzOptionUrl when the codegen needs 1it.
MyDataModel model = { 5, std::nullopt };

(void)demo_structured_bindings;

// Move ownership of the model into a RefAny via RefAny::create<T>(model).
// T is deduced from the argument; the spelling

// RefAny: :create<MyDataModel>(std: :move(model))

// also works if you want it explicit. No AZ_REFLECT line was needed -

// RefAny::create registers T's identity the first time it's instantiated.
RefAny data = RefAny::create(std::move(model));

// Configure the window(s) to spawn on startup. layout() is the
// "/" default route; SPA-style routing is done later by swapping
// the layout callback on a window.

WindowCreateOptions window = WindowCreateOptions::create(layout);

// 'default' is a C++ keyword - the wrapper exposes it as

// default_() with a trailing underscore.
//

// AppConfig discovers system-native styling, monitor layout, etc.
App app = App::create(std: :move(data), AppConfig::default_());

// Blocks until the last window closes; the destructor cleans
// up the framework instance on scope exit.
app.run(std: :move(window));

return Q;

Seven things to notice.

e Why Az* prefixes appear at all — most types are exposed as wrapper classes ( RefAny ,

Dom , App ) for RAIl. Function-pointer typedefs like AzCallbackType are fixed tothe raw C
structs by the framework (a function pointer must match the C signature exactly), so the
callback definition has to spell out AzRefAny , AzCallbackInfo andthe AzUpdate return
type. Inside the body you can use the C++ surface freely. For every simple enum the header
emits a namespace of value constants with the Rust spelling — Update: :RefreshDom ,

ButtonType: :Primary — whose type is the raw C enum, so they flow through method
arguments and C fn-ptr returns without casts. The C enumerator spellings
( AzUpdate_RefreshDom , AzButtonType_Primary ) keep working; in signaturesthe enum type
is spelled AzUpdate (the non-prefixed name is the constants namespace). The callback fn-



ptr typedefs also get non-prefixed aliases ( azul::CallbackType ,
azul::lLayoutCallbackType , ..) for storing callbacks in your own code.

Adopt the callback's AzRefAny parameterinto RefAny — the framework hands every
callback an owned reference (a refcount+1 clone), and the wrapper's destructor is what
releases it when the callback returns. The free azul::downcast_ref<T> /

azul::downcast_mut<T> function templates also work directly on the C struct (same generic
identity scheme as RefAny: :create<T> , nullptr on type mismatch), but they only read —
using them on the raw parameter without adopting it (or manually calling

AzRefAny_delete(&data) before returning) leaks one strong reference per invocation.
Reserve them for AzRefAny values that something else owns.

The RefAny wrapper class is the ownership tool — RAIl auto-cleanup (the framework
hands the callback an owned reference; the destructor decrements the refcount), the
chainable RefAny::create<T>(model) factory, and the data_wrapper.clone() builderfor
handing a new strong reference to a widget. Construct it from a raw AzRefAny only when
you actually want to take ownership.

No AZ_REFLECT line for C++11+ — RefAny::create<T> / refany.downcast_ref<T>() /

refany.downcast_mut<T>() aretemplate members on RefAny . The compiler stamps a
unique runtime tag per T via the address of a template-instantiated static , soidentity is
stable across translation units without per-type registration. The AZ_REFLECT(StructName)
macro is still emitted in azu1@3.hpp for C++03 compatibility (no template member functions
there).

RAIl over manual _delete — there's no explicit pairing with _delete like in C, which
removes a whole class of bugs.

C-ABI return is implicit — every wrapper class has an r-value operator AzInner() that

yields the underlying C struct and zeros the wrapper. So return Dom: :create_body(); from

a callback whose signature is AzDom layout(...) works without an explicit .release() .

The conversion only fires on r-values (return values, std::move 'dlocals); I-values still need

an explicit .release() ifyouwantto hand the C struct to a function pointer outside the
return statement. Inside C++, transfer ownership with std: :move as usual:
App::create(std: :move(data), ...) ., app.run(std::move(window)) .

.with_* builder methods consume *this — they return a new value rather than
mutating in place. Chain them inline; they do not allocate beyond what the underlying

Az*_set* would. The corresponding set_* methods (e.g. Button::set_on_click ) mutate
in place if you prefer that style.

std::move for ownership transfer — App::run(std::move(window)) ,

App::create(std::move(data), ...) .Acopywould leave you with two handles competing
to free the same memory:; if there's a debug build you'll get a double-free at exit. Modern
compilers warn when a value is implicitly copied where a move was wanted.

std::string_view flowsin — Button::create("Increase counter'sv) and
with_css("font-size: 32px;"sv) use the C++17 sv-literal directly. The codegen emits



sibling (std::string_view) overloads on every method whose original signature took a
String ,sothereisno String("...") wrapping step.

Things we did not use that you may want to explore next.

e AzlLayoutCallbackInfo — read-only access to the system font cache, image cache, GL
context, current window size, routing, and localization dictionaries.

e AzCallbackInfo — many functions for navigating the DOM, mutating CSS without rebuilding
the tree, querying computed layout / styles, etc.

e WindowCreateOptions - title, size, decorations, transparency, monitor pinning. Same fields
as in C; covered in windowing.

What changes for older / newer standards

e examples/cpp/cpp@3/hello-world.cpp keepsthe explicit AZ_REFLECT(MyDataModel) line
and uses MyDataModel_upcast / MyDataModel_downcast_ref /
MyDataModel_downcast_mut directly. No move semantics, no string-view, no
std: :optional .

e examples/cpp/cppld/hello-world.cpp adds auto -returnon layout and aruntime sanity
check on RefAny: :type_1id_v<MyDataModel> (the address-of-static trick that backsitisn'ta
constant expression, so it can't be static_assert -ed).

e examples/cpp/cpp20/hello-world.cpp static_assert son
azul::ReflectableModel<MyDataModel> (the conceptitselfis constexpr -friendly, the
value of type_id_v isn't), and feeds a U8Vec straightinto a function taking
std: :span<const uint8_t> viathe implicit toSpan() conversion.

e examples/cpp/cpp23/hello-world.cpp returnsa std::expected<Url, UrlParseError>
(the RAIl wrapper classes, which the expected then owns) directly from a function whose
body just does return Url::parse(".."sv); .The implicit operator std::expected<Ok,
Err>() & onthe Result wrapper does the conversion. The example also exercises the
deducing- this builders by chaining .with_* ona mix of I-value and r-value Dom s in the
same expression.

Build and run

If you installed 1libazul throughthe .deb / .rpm package, the header and the shared library
live in standard locations and the compiler will find them on its own — one line is enough:
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gt++ =c++17 hello-world.cpp hello-world Copy
./hello-world

(On Windows the equivalentis c1 /std:c++17 /EHsc hello-world.cpp azul.dll.lib once the
downloaded MSVC import library azul.dll.1lib is onthe linker search path, with azul.d1l
next to the resulting .exe atruntime.)

If you downloaded the wrappers and DLL manually (or built from source), you have to point the

compiler at them explicitly. -I / -L addinclude and link search paths; -W1,-rpath tellsthe

dynamic loader where to find 1libazul.{so,dylib} atruntime so you do not have to set
LD_LIBRARY_PATH (Linux)or DYLD_LIBRARY_PATH (macQS) every time you run the binary.

# Linux Copy

g++ =c++17 hello-world.cpp
-I/path/to/azul-headers
-L/path/to/azul-11ib
-Wl, -rpath, /path/to/azul-1ib
hello-world

# macOS — @executable_path resolves relative to the binary, so you can
# ship the .dylib next to the .bin and the loader will pick it up
g++ =c++17 hello-world.cpp
-I/path/to/azul-headers
-L/path/to/azul-11ib
-W1, -rpath,@executable_path/.
hello-world

# Windows (MSVC) — drop azul.dll next to the .exe at run time
cl /std:c++17 /EHsc hello-world.cpp /I path\to\azul-headers *
/1link /LIBPATH:path\to\azul-1ib azul.dll.1lib

# C++03 - same DLL, different wrapper
gt++ =c++03 hello-world.cpp -I/path/to/azul-headers
-L/path/to/azul-1ib hello-world

# C++20+ with modules: precompile the sibling azul.cppm once, then
# replace the #include with import azul; in your source files.
clang++ =c++20 azul.cppm

clang++ =c++20 hello-world.cpp hello-world

You should see the window pictured on the hello-world landing_page. Click the button: the

counter increments, the layout callback re-runs, and the new value renders.

1. app.run(std::move(window)) opened a native window and ran layout() once with your
RefAny on startup.
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2. The returned AzDom was styled, laid out, and rendered (default: CPU-rendered; can be GPU-

rendered if needed).

3. 0n click, the button's event filter matched a MouseUp inside its hit-test bounds. The

framework borrowed the RefAny mutably, ran on_click , observed the
Update: :RefreshDom return, and re-invoked Tlayout() .

4.The new AzDom was diffed against the previous one; only the changed text node was

repainted.

Common errors

Double-free at exit — you copied a wrapper that should have been moved. Inside C++, use

std: :move forevery RefAny / WindowCreateOptions / Button / Dom you hand off. The
layout callback's return is handled implicitly by the wrapper's r-value operator AzInner() .
so there's nothing manual there.

Linker error: undefined reference to AzApp_create — the dynamic library is not linked.
Add -lazul and confirmthe rpath ( -W1, -rpath, /path/to/azul-1ib on Linux,
@executable_path/. on macOS, place azul.dll nexttothe .exe on Windows).

Counter does not update on click — the click callback returned Update: :DoNothing , orthe
downcast silently returned nullptr . Verify with an assert(d != nullptr) ora print
before the increment.

The window opens blank — the layout callback returned an empty body, or you forgot a
.with_child(...) somewhere inthe chain.

error: 'auto' not allowed — you are compiling with -std=c++03 . Either upgrade to
c++11 , oruse the azul@3.hpp example template: the same wrapper classes ( Dom ,
Button , App . ..) work there too — only the template-based reflection is missing, so
reflection goes through the AZ_REFLECT(StructName) macro instead.

no member named 'create_p_with_text' in 'azul::Dom' — you copied an old example
that used Dom::p or Dom::body , orapre-rename one that used

Dom: :create_p_with_text . The actual codegen surface uses the api.json names verbatim:

Dom: :create_body() / Dom::create_p_with_text(...) /

Dom: :create_hl_with_text(...) / Dom: :with_css(...) .

Building from source

Only needed if you want to track master or patch the library locally:



# git clone https://github.com/fschutt/azul Copy
# cd myfolder/azul

# generate the bindings from api.json (required - emits azul.h plus

# every azul<NN>.hpp wrapper and the azul.cppm module partition under

# target/codegen/)

cargo run azul-doc -- codegen all

# build the actual DLL

cargo build azul-d1l1l build-d1l1l

The DLL lands at target/release/libazul.{so,dylib} (or azul.dll ). The wrappers live at
target/codegen/azul<NN>.hpp , plus target/codegen/azul.cppm forthe C++20+ module
partition. Copy the wrapper for your standard plus the DLL somewhere your C++ compiler can find
them.

Coming Up Next

e Application Architecture — Explains the concepts of architecting a larger Azul application

e Document Object Model — The Dom tree - node types, hierarchy, and CSS
e Hello World [Rust]
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Hello World |Python]

Introduction

Python is the easiest way to use Azul. You can write idiomatic Python — plain classes, plain str ,
plain method calls — and the binding (uses Rusts pyo3 ) takes care of the rest.

Installation

Azul is not on the public PyPI (the azul package on pypi.orgis an unrelated project - do not run
aplain pip install azul ). There are two ways to install: the self-hosted pip index on azul.rs, or
a manual download.

Self-hosted pip index

Cl publishes Linux (manylinux x86_64) wheels to a self-hosted PEP 503 index served from
azul.rs. Pointing --index-url atit makes pip resolve azul from azul.rs instead of pypi.org:

pip install azul --index-url /ui Copy

This is NOT the public PyPI - the index is generated by the same CI run that builds the release
binaries. On platforms without a wheel on that index, use the manual download below.

Manual download

Download the prebuilt extension module for your platform from the release page and put it next
to your script:

# macO0S Copy
curl azul.so /ui/release/0.2.0/azul.so
# linux

curl azul.so /ui/release/0.2.0/azul.cpython.so
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# windows
curl.exe -L -0 Jui/release/0.2.0/azul.pyd

The module bundles the prebuilt native library, so there are no further system dependencies to
worry about. The abi3 wheel targets Python 3.10+ (pyo3is abi3-py310 ) - make sure you have a
recent version.

Note

If there is no prebuilt module for your platform, see ,Building the extension” below for the manual
route.

Simple ,,Counter” Example

from azul import * Copy

# Plain Python class - "single source of truth" for app state
class DataModel:
def __init__(self, counter):

self.counter = counter

# Layout callback: f(DataModel, LayoutCallbackInfo) -> Dom. Runs once on
# startup and again after every callback that returns Update.RefreshDom.
def layout(data, info):

# Rendered counter label: a text node wrapped in a styled div.

# .with_css(...) consumes self and returns a new Dom, so builder

# calls chain inline.

label = (Dom.create_div()
.with_child(Dom.create_text(str(data.counter)))
.with_css("font-size: 32px;"))

# Button widget with a click handler. Everything lives in the flat
# “azul module; with_on_click(data, callback) registers the handler
# and .dom() turns the widget into a Dom node.
button = (Button.create('Increase counter")
.with_on_click(data, on_click)
.dom()
.with_css("flex-grow: 1;"))

# Final wrapup - Dom.create_body builds the root, then .with_child(...)
# appends children. Builder methods return a NEW Dom - keep chaining
# (or re-assign the result); they do not mutate in place.
return (Dom.create_body()
.with_child(label)
.with_child(button))



# Click callback: f(DataModel, CallbackInfo) -> Update. 'data' is the same
# Python instance you passed to App.create, it is mutated in place (thread
# safe). Update variants are plain class attributes - no parentheses:
# return Update.RefreshDom.
def on_click(data, info):

data.counter += 1

return Update.RefreshDom

# main function

if __name__ == "__main__'

# Initialize the data model (here we set counter=5 on startup)
model = DataModel(5)

# Configure the window. layout is the "/" default route; SPA-style
# routing i1s done later by swapping the layout callback.

window = WindowCreateOptions.create(layout)

# AppConfig discovers system-native styling, monitor layout, etc.
# App.run blocks until the last window closes.

app = App.create(model, AppConfig.create())

app.run(window)

Three things to notice.

¢ Pass plain Python objects. No upcast, no downcast, no reflection macro. The binding wraps
your DataModel instance for you and hands the same instance back to your callbacks. The
framework holds a strong reference until you drop the App , so the GC will not eat it under
your feet.

e Strings are str , styles are CSS strings. No AzString ,no String(...) wrapper, no
AZ_CONST_STR macro. Pass UTF-8 Python strings; the binding converts at the boundary.

¢ Callbacks are regular functions with the signature (data, info) -> Update (or -> Dom
for layout). No extern "C" , no boxing, no decorators — just def .

Things we did not use that you may want to explore next.

e The info argument — read-only access to the system font cache, image cache, GL context,
current window size, routing, and localization dictionaries in layout ; lots of mutation
helpersin on_click (DOM navigation, CSS overrides without rebuilding, computed-layout
queries).

e WindowCreateOptions — the Python binding currently exposes only
WindowCreateOptions.create(layout) ; setting the window title, size, decorations etc. from
Python is not wrapped yet. The underlying options are covered in windowing.


http://localhost:8799/ui/guide/windowing

Run it

python3 hello-world.py Copy

You should see the window pictured on the hello-world landing_page. Click the button: the

counter increments, the layout callback re-runs, and the new value renders.

1. app.run(window) opened a native window and ran layout() once with your DataModel
on startup.

2. Thereturned Dom was styled, laid out, and rendered.

3. 0On click, the framework matched the button's event filter, called on_click(data, info) ,
observed the Update.RefreshDom return, and re-invoked Tlayout() .

4. The new Dom was diffed against the previous one; only the changed text node was
repainted.

Building the extension

Only needed if there is no prebuilt module for your platform, or if you want to track master . From
a checkout:

# git clone https://github.com/fschutt/azul Copy
# cd myfolder/azul
cargo build azul-dll

--no-default-features python-extension

The resulting library is target/release/libazul.{so,dylib} ( azul.dll on Windows). Python
importsitas azul , so rename or symlink it:

# macO0S Copy
cp target/release/libazul.dylib target/release/azul.so

# Linux

cp target/release/libazul.so target/release/azul.so

# Windows

copy target\release\azul.dll target\release\azul.pyd

Then either run Python from the directory containing the file, or prepend that pathto sys.path :
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import sys, os Copy

sys.path.insert (0
os.path.join(os.path.dirname(__file__ 'target', 'release'’
import azul

Common errors

ModuleNotFoundError: No module named 'azul' — the downloaded azul.so / azul.pyd
is not in the directory you are running from (or on sys.path ). Run python3 from the
directory containing the file, or prepend that pathto sys.path .

Blank window / dead button — a callback raised an exception. The binding prints the
Python traceback to stderr and falls back to a default return value (an empty Dom for
layout , DoNothing for event callbacks), so check the terminal you started the app from.

Counter does not advance — the click callback returned Update.DoNothing , orit implicitly
returned None (which the binding treats as DoNothing ). Always end a mutating handler
with return Update.RefreshDom .

TypeError: layout() takes 0 positional arguments but 2 were given — your callback
signature is wrong. layout and click handlers must accept exactly (data, info) .

Mutation isn't sticking — you mutated a copy of the model instead of the instance bound to
the framework. The binding always passes the same instance back; check that you are not
shadowing data with afresh DataModel(...) somewhere inside the callback.

Coming Up Next

Application Architecture — Explains the concepts of architecting a larger Azul application

Document Object Model — The Dom tree - node types, hierarchy, and CSS

Hello World [Rust]
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Hello World |C#]

Introduction

The C# binding talks to the prebuilt 1ibazul native library through P/Invoke, but you almost
never see that layer. You write idiomatic C# — plain classes, the wrapper-class
App.Create(...).Run(wco) path, and atyped layout delegate that returnsa Dom — and the
generated Azul.cs handles the marshalling. No Marshal.AllocHGlobal , no .Raw extraction,
no IntPtr ceremony inyour code.

Installation

You need the .NET 10 SDK and the native libazul library for your platform. (The example
project examples/csharp/Hello.csproj andthe downloadable Azul.csproj both target
netl®.0 .)

azul isn't on nuget.org, but a self-hosted NuGet v3 feed lives at azul.rs and the package bundles
the native 1libazul for Linux/mac0S/Windows under runtimes/<rid>/native (.NET picks the
right RID at runtime):

dotnet nuget add source /ui/nuget/index.json azul Copy

dotnet add package azul 0.2.0

Or install the native library + binding by hand:

1. Download the native library for your OS from the release page and keep it next to your binary
(or on the loader path):

# macOS (Apple Silicon; Intel: libazul.x86_64.dylib) Copy
wget libazul.dylib /ui/release/0.2.0/1ibazul.dylib
# 1inux

wget 1ibazul.so Jui/release/0.2.0/1ibazul.so
# windows
# download /ui/release/0.2.0/azul.dll
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2. Add the generated Azul.cs bindings to your project:

wget Jui/release/0.2.0/Azul.cs Copy
# optional project scaffold:
wget /ui/release/0.2.0/Azul.csproj

That's it for library discovery: the generated Azul.cs installsa DllImportResolver that probes

the app's base directory and the current working directory for 1ibazul.dylib / libazul.so /
azul.dll , so keeping the native library next to your project (step 1) is sufficient — no
DYLD_LIBRARY_PATH / LD_LIBRARY_PATH setup needed for dotnet run .

Simple ,,Counter” Example

using System; Copy

using Azul;

namespace HelloWorld
{
// Plain C# class - the "single source of truth" for app state.
public sealed class MyDataModel
{
public uint Counter;
public MyDataModel(uint counter) { Counter = counter; }

public static class Program

{
private static readonly MyDataModel _model = new MyDataModel(5);

// Click callback: returns an Update as an int. RefanyGet recovers
// your object from the type-erased handle; "as T  1s null on mismatch.
private static int OnClick(IntPtr dataPtr, IntPtr infoPtr)

{
var m = HostInvoker.RefanyGet(dataPtr) as MyDataModel;
if (m == null) return (int)Update.DoNothing;
m.Counter += 1;
return (int)Update.RefreshDom;
3

// Layout callback: f(data) -> Dom. Runs on startup and again after any
// callback that returns Update.RefreshDom.
private static Dom Layout(IntPtr dataPtr, IntPtr infoPtr)
{
var m = HostInvoker.RefanyGet(dataPtr) as MyDataModel;
if (m == null) return Dom.CreateBody();



var label = Dom.CreateDiv
WithCss("font-size: 32px;"
WithChild(Dom.CreateText(m.Counter.ToString

var buttonDom = Button.Create("Increase counter”
WithButtonType(ButtonType.Primary
OnClick(m, new Func<IntPtr, IntPtr, int>(OnClick

Dom

return Dom.CreateBody
WithChild(label
WithChild(buttonDom

public static int Main(string args

// “using  disposes the App (and calls the C-side delete) on exit.
using var app = App.Create(HostInvoker.RefanyWrap(_model AppConfig.Create
app.Run(WindowCreateOptions.Create(new Func<IntPtr, IntPtr, Dom>(Layout

return 0

Four things to notice.

HostInvoker.RefanyWrap / RefanyGet — your MyDataModel is wrapped into atype-erased
handle when you hand it to App.Create , and the same instance is handed back to every
callback. RefanyGet(ptr) as MyDataModel isthe runtime cast;itreturns null on atype
mismatch, so return Update.DoNothing / Dom.CreateBody() inthat case.

Wrapper-class API, no IntPtr ceremony. App.Create(...).Run(...) ,

Dom.CreateBody () .WithChild(...) ,and
Button.Create(label).WithButtonType(...).0OnClick(...).Dom() read like normal fluent
C#.The WithCss("...") builder accepts any CSS string, including :hover §{ * / @media /

@os(...) inline queries.

Callbacks are delegates. A layout callback is Func<IntPtr, IntPtr, Dom> ;a click handler
is Func<IntPtr, IntPtr, int> returning (int)Update.* .

using var app disposes deterministically — Dispose() callsthe C-side delete , so native
memory is released when the App goes out of scope.



Build and run

# all platforms — the native library sits next to the project (step 1), Copy

# and the generated DllImportResolver finds it there
dotnet run

You should see the window pictured on the hello-world landing_page. Click the button: the
counter increments, the layout callback re-runs, and the new value renders.

Common errors

e DllNotFoundException / Unable to load shared library 'azul' - the native library
wasn't found. Put 1libazul.dylib / libazul.so / azul.dll inthe project directory (or
next to the published executable); the generated resolver probes both. DYLD_LIBRARY_PATH
/ LD_LIBRARY_PATH also work as a fallback for non-standard layouts, but note macQOS strips

DYLD_* in some launch paths (SIP).

e Counter does not advance — OnClick returned (int)Update.DoNothing .Return
(int)Update.RefreshDom after mutating.

e RefanyGet(...) as MyDataModel is null — the handle holds a different type, oritis
borrowed elsewhere. Return Dom.CreateBody() / Update.DoNothing .

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Java]
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Hello World |Java]

Introduction

The Java binding loads the prebuilt 1ibazul native library through JNA. You write ordinary Java
— aplain data class, atyped LayoutCallback thatreturnsa Dom , and the wrapper-class App
APl — and the generated wrappers handle the FFI. No manual byte splicing, no Pointer
arithmetic in your code.

Installation
You need IDK 17+, Maven, INA 5.14+, and the native 1ibazul library.

Azul is not on Maven Central, but there is a self-hosted maven2 repository served from azul.rs
(generated by the release CI). Add it next to Maven Central and depend on rs.azul:azul (thejar
bundles the com.azul bindings plus a Linux x86-64 1ibazul.so as a JNAresource; on other
platforms also do step 1 below so INA finds the native library):

repositories Copy

repository
id>azul-rs</id
url>/ui/maven</url
repository
repositories
dependencies
dependency
groupId>rs.azul</groupId
artifactId>azul</artifactId
version>@.2.0</version
dependency

dependencies
Alternatively, install manually. Only INA itself ( net.java.dev.jna:jna:5.14.0 ) comes from
Maven Central as usual.

1. Download the native library from the release page ( libazul.dylib / libazul.so /
azul.d1l ) and keep it in your working directory or pass -Djna.library.path=. .


https://github.com/java-native-access/jna
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2. Download the generated com.azul wrapper sources and unpack them into your source tree:

wget /ui/release/0.2.0/azul-java.zip Copy
unzip azul-java.zip -d src/main/java/com/azul/
S (13
Simple .,,Counter” Example
Copy

package com.azul;

import com.sun.jna.Pointer;

public final class HelloWorld {

// Plain data class - the "single source of truth" for app state.
public static final class MyDataModel {

public int counter;

public MyDataModel(int counter) { this.counter = counter; ?

private static final MyDataModel MODEL = new MyDataModel(5);

// Click callback. refanyGet recovers your object from the handle; write the
// Update value back through the out-pointer.
private static final AzulNativeManaged.ButtonOnClickCallbackInvokerCallback ON_CLICK =
(long id, Pointer dataPtr, Pointer infoPtr, Pointer outPtr) -> ¢
Object m = AzulHostInvoker.refanyGet(dataPtr);
int result = Update.DoNothing.value;
if (m instanceof MyDataModel) {
((MyDataModel) m).counter += 1;
result = Update.RefreshDom.value;
3
outPtr.setInt(@, result);

i

// Typed layout callback: returns a Dom directly. The host-invoker bridge
// splices the Dom bytes into libazul's out-pointer for you.
private static final AzulHostInvoker.LayoutCallback LAYOUT =
(long 1id, Pointer dataPtr, Pointer infoPtr) -> ¢
Object recovered = AzulHostInvoker.refanyGet(dataPtr);
if (!(recovered instanceof MyDataModel)) {
return Dom.createBody();
$
MyDataModel m = (MyDataModel) recovered;
Dom label = Dom.createDiv()
.withCss("font-size: 32px;")
.withChild(Dom.createText(String.valueOf(m.counter)));
Dom buttonDom = Button.create("Increase counter")



withButtonType(ButtonType.Primary.value
onClick(m, ON_CLICK
dom
return Dom.createBody
withChild(label
withChild(buttonDom

public static void main(String args
// try-with-resources disposes the App (C-side delete) on exit.
try (App app = App.create(AzulHostInvoker.refanyWrap(MODEL AppConfig.create
app.run(WindowCreateOptions.create(LAYOUT

Four things to notice.

¢ AzulHostInvoker.refanyWrap / refanyGet — your MyDataModel is wrapped once and the
same instance is handed back to every callback. Use 1instanceof to guard the cast and fall
backto Dom.createBody() / Update.DoNothing on mismatch.

e Typed LayoutCallback SAM —returnsa Dom directly; the bridge handles the byte-splice
into the native out-pointer. Click handlers use the event's typed SAM
( ButtonOnClickCallbackInvokerCallback for Button.onClick ) and write the Update int
via outPtr.setInt(0@, ...) .

¢ Wrapper-class fluent APl — Dom.createBody().withChild(...) and
Button.create(label).withButtonType(...).onClick(data, fn).dom() . AzulString
decodesto java.lang.String via .toString() .

e try (App app = ...) releases native memory deterministically — close() callsthe C-side
delete .

Build and run

Use the ready-made Maven project from the repository — examples/java/pom.xml — as your

project pom. It bundles INA into the output jar via maven-shade-plugin and sets Main-Class:
com.azul.HelloWorld inthe manifest, so a plain java -jar works with no manual classpath:

mvn package Copy

# macOS — -XstartOnFirstThread i1s REQUIRED so libazul's NSApplication loop
# pumps on the JVM main thread.
java =, target/hello-world-1.0.0.jar


https://github.com/fschutt/azul/blob/master/examples/java/pom.xml

On Linux/Windows drop -XstartOnFirstThread . -Djna.library.path=. points INA atthe
directory holding 1libazul.dylib / libazul.so / azul.dll.

You should see the window pictured on the hello-world landing_page. Click the button: the

counter increments and the layout callback re-runs.

Common errors

¢ UnsatisfiedLinkError / library notfound — the native libraryisn'ton -
Djna.library.path / DYLD_LIBRARY_PATH / LD_LIBRARY_PATH .

¢ Window never appears / instant crash on mac0S — you omitted -XstartOnFirstThread .
Cocoa requires the event loop on the main thread.

e Counter does not advance — the click handler wrote Update.DoNothing.value . Write
Update.RefreshDom.value to outPtr after mutating.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

¢ Hello World [Kotlin]
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Hello World |Kotlin]

Introduction

The Kotlin binding rides on the same JNA layer as Java, so it loads the prebuilt 1ibazul native
library directly. You write idiomatic Kotlin — a data class, a LayoutCallback SAM thatreturnsa
Dom , and the companion-object App factory — and the generated wrappers handle the FFI.

Installation
You need Kotlin 1.9+, IDK 17+, INA 5.14+, and the native 1ibazul library.

Azul is not on Maven Central, but there is a self-hosted maven2 repository served from azul.rs
(generated by the release Cl). Add it next to mavenCentral() and dependon rs.azul:azul
(the jar bundles the Java bindings plus a Linux x86-64 1libazul.so as a JNA resource; on other
platforms also do step 1 below). Only INA itself ( net.java.dev.jna:jna:5.14.0 ) comes from
Maven Central as usual:

repositories Copy
mavenCentral

maven url = uri("/ui/maven”

dependencies
implementation("net.java.dev.jna:jna:5.14.0"

implementation("rs.azul:azul:0.2.0"

Alternatively, install manually:

1. Download the native library from the release page ( libazul.dylib / libazul.so /
azul.dll ).

2. Add the generated Azul.kt bindings (plus optional Gradle scaffolding) to your sources:

wget /ui/release/0.2.0/Azul.kt Copy
wget Jui/release/0.2.0/build.gradle.kts


https://github.com/java-native-access/jna
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wget /ui/release/0.2.0/settings.gradle.kts

The native library must be discoverable via -Djna.library.path / DYLD_LIBRARY_PATH /
LD_LIBRARY_PATH / PATH .

Simple ,,Counter” Example

package com.azul Copy

import com.sun.jna.Pointer

// Plain data class - the "single source of truth" for app state.
class MyDataModel(var counter: Int)
private val MODEL = MyDataModel(5)

// Click callback: write the Update int through the out-pointer.
private val onClick = AzulNativeManaged.ButtonOnClickCallbackInvokerCallback { _, dataPtr,
outPtr ->
val m = AzulHostInvoker.refanyGet(dataPtr)
val result = if (m is MyDataModel) { m.counter += 1; Update.RefreshDom.value ?
else Update.DoNothing.value
outPtr!!.setInt(@, result)

// Typed layout callback: returns a Dom directly; the bridge splices the bytes
// into the native out-pointer internally.
private val layout = AzulHostInvoker.lLayoutCallback { _, dataPtr, _ ->
val m = AzulHostInvoker.refanyGet(dataPtr)
if (m !is MyDataModel) ¢
Dom.createBody ()
t else §
val label = Dom.createDiv()
.withCss("font-size: 32px;")
.withChild(Dom.createText(m.counter.toString()))
val buttonDom = Button.create("Increase counter")
.withButtonType(ButtonType.Primary.value)
.onClick(m, onClick)
.dom()
Dom.createBody()
.withChild(label)
.withChild(buttonDom)

fun main()
// “use { 1} disposes the App (C-side delete) when the block exits.

App.create(AzulHostInvoker.refanyWrap(MODEL), AppConfig.create()).use { app ->



app.run(WindowCreateOptions.create(layout

Three things to notice.

e refanyWrap / refanyGet with is smart-casts — the same object instance is handed
back to every callback; if (m is MyDataModel) both guards and smart-casts. On mismatch
return Dom.createBody() / Update.DoNothing.value .

e LayoutCallback SAMreturns Dom — the companion WindowCreateOptions.create
factory hides the host-invoker register + INA byte-splice. Note the !! on the nullable
Pointer? out-pointer before setInt .

¢ Fluent wrapper APl — Dom.createBody().withChild(...) and
Button.create(...).withButtonType(...).onClick(data, fn).dom() .The click handleris
the event's typed SAM ( ButtonOnClickCallbackInvokerCallback for Button.onClick ).
AzulString.toString() decodes UTF-8into kotlin.String .

Build and run

kotlinc -J-Xmx4g Azul.kt HelloWorld.kt Copy

-include-runtime hello-world. jar
# macOS requires -XstartOnFirstThread (Cocoa main-thread rule).
=. Jjava =.
hello-world.jar: com.azul.HelloWorldKt

$JNA_JAR points at your jna-5.14.0.jar (from Maven Central,
net.java.dev.jna:jna:5.14.0@ ). On Linux/Windows drop -XstartOnFirstThread and use

LD_LIBRARY_PATH / PATH .

Alternatively — and recommended — use the Gradle project from the repository's
examples/kotlin/ directory ( build.gradle.kts ): gradle run pulls INA from Maven Central,

compiles Azul.kt + HelloWorld.kt with daemon caching (the 4 GB compiler heap is presetin
gradle.properties ), and wires jna.library.path onto the run task foryou.

You should see the window pictured on the hello-world landing_page.



https://github.com/fschutt/azul/blob/master/examples/kotlin/build.gradle.kts
http://localhost:8799/ui/guide/hello-world

Common errors

UnsatisfiedLinkError — native library not onthe INA library path.

No window on mac0OS — -XstartOnFirstThread missing.

Counter does not advance — the click handler wrote Update.DoNothing.value .

NullPointerException on outPtr —the !! unwrap onthe SAM's nullable Pointer? arg
is required; keep it.

Process hangs at exit on Windows — the example builds and runs the whole headless
layout, but the JVM may not terminate afterwards. This is a known INA-on-Windows
behaviour: the JVM exits only once all non-daemon threads end and the native event
gqueue is drained, so a native (libazul) thread or window left on the JVM thread keeps it alive.
The binding itself is fine — it passes the full run on macQS, and the Java binding (same JVM)
runs on Windows — so a fix needs a Windows-host thread dump of the hung JVM. The E2E
board reports Kotlin @ SKIP on Windows for this reason.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Java]



http://localhost:8799/ui/guide/architecture
http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/hello-world/java

GUIDE

Hello World |Lual

Introduction

The Lua binding uses LuaJdIT's ffi module to call the prebuilt 1ibazul native library. You work
entirely through the idiomatic azul.* wrapperlayer — no manual ffi.cast(...) orraw

C.AzXxx_yyy(...) calls. Callbacks route through libazul's host-invoker plumbing, so LuaJdIT
never has to synthesize a struct-by-value trampoline.

Installation
You need LuaJIT 2.1+ (vanilla Lua has no ffi ) and the native 1libazul library.
There is no LuaRocks package yet - install manually:

1. Download the native library from the release page ( libazul.dylib / libazul.so /
azul.dll ).

2. Put the generated azul.lua nextto hello-world.lua ,orpoint LUA_PATH atit:

wget /ui/release/0.2.0/azul.lua Copy

(Itis also produced by cargo run --bin azul-doc -- codegen all into
target/codegen/azul.lua if you build from a checkout.)

Simple ,,Counter” Example

local azul = require('azul' Copy

-- Data model. azul.refany_create(value) wraps any Lua value into an AzRefAny;
-- azul.refany_get(refany) recovers it on the other side.

local model = counter = 5

-- Click callback: a plain Lua function. The wrapper auto-routes it through the


http://localhost:8799/ui/release/0.2.0

-- host-invoker when you hand it to :set_on_click(...).
local function on_click(data, _info)
local m = azul.refany_get(data)
if m == nil then return azul.Update.DoNothing end
m.counter = m.counter + 1
return azul.Update.RefreshDom
end

-- Layout callback: f(data) -> Dom. Runs on startup and after RefreshDom.
local function layout(data, _info)

local m = azul.refany_get(data)

if m == nil then return azul.Dom.create_body() end

-- add_* mutators return self (chain top-down); with_* consume self.
local label = azul.Dom.create_div()
radd_css_property(azul.CssPropertyWithConditions.simple(
azul.CssProperty.font_size(azul.StyleFontSize.px(32.0))))
cadd_child(azul.Dom.create_text(tostring(m.counter)))

local button_dom = azul.Button.create( Increase counter')
:set_button_type(azul.ButtonType.Primary)
:set_on_click(data:clone(), on_click) =-- :clone() bumps the refcount
:dom()

return azul.Dom.create body()
radd_child(label)
;add_child(button_dom)

end

local data = azul.refany_create(model)

-- Fluent :with(opts) recursively assigns nested window-state fields and
-- auto-converts Lua strings to AzString.
local window = azul.WindowCreateOptions.create(layout) with({
window_state = {

title = 'Hello World',

size = { dimensions = { width = 400.0, height = 300.0 ! 1},

flags = §

decorations

azul.WindowDecorations.NoTitleAutoInject,

background_material = azul.WindowBackgroundMaterial.Sidebar,

%
D)

local app = azul.App.create(data, azul.AppConfig.create())
app:run(window)
-- AzApp's __gc metamethod calls AzApp_delete automatically on collection.

Four things to notice.



azul.refany_create / azul.refany_get — wrap any Lua value into a handle; an internal
id-keyed table keeps it alive for the handle's lifetime. data:clone() bumps the refcount
(thread-safe) so the click handler can recover it later.

e Two builder flavours. add_* / set_* mutate in place and return self (chaintop-down);
with_* consume self and returnthe new value. Both compose.

¢ Plain Lua strings flow through auto-string conversion — pass 'Increase counter' and
tostring(m.counter) directly; the wrapper convertsto AzString .

e Garbage collectionis wired. AzApp 's __gc metamethod calls AzApp_delete foryou
when app is collected.

Build and run

# macO0S Copy
=. luajit hello-world. lua
# linux
=. luajit hello-world.lua

You should see the window pictured on the hello-world landing_page. Click the button: the
counter increments and the layout callback re-runs.

Common errors

module 'azul' not found — azul.lua isnoton LUA_PATH .Run LuaJdIT from the directory
that contains it, or set LUA_PATH="./?.lua;$LUA_PATH" .

e cannot open libazul — the native libraryisn't on DYLD_LIBRARY_PATH /
LD_LIBRARY_PATH .

attempt to index a nil value from ffi — you are onvanilla Lua, not LuadIT. The ffi
module ships only with LuaJdlT.

e NYI: cannot call this C function (yet) at App.create — LuaJdlT's ffi cannotcallaC
function that takes an aggregate by value on some ABIs. On x86-64 (SysV) App.create(..,
AppConfig) hits this; it works on armé64/macOS (the struct is passed differently). It is a
LuaJdIT limitation, not a version issue (a current LuaJIT 2.1 still NYIs) — there is no Lua-side
workaround short of a by-pointer C-ABI, so the E2E board marks Lua @ SKIP on x86-64.

e Counter does not advance — on_click returned azul.Update.DoNothing .


http://localhost:8799/ui/guide/hello-world

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Ruby]
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Hello World |[Ruby]

Introduction

The Ruby binding uses the ffi gem to call the prebuilt 1ibazul native library. You write
idiomatic Ruby — a plain object, a lambda per callback, and the smart

WindowCreateOptions.create_with_layout(&block) factory —and the binding wraps your
object and registers the callbacks for you.

Installation

You need Ruby 2.6+ (system Ruby on macOS works), the ffi gem, and the native 1libazul
library.

The name azul onrubygems.org belongs to an unrelated project, so azul ships from its own
source at azul.rs. The gem bundles 1libazul for Linux/mac0S/Windows and pullsin ffi :

gem install azul /Jui/gems Copy

With the gem installed you just require 'azul' (no -I. ).To wire it up by hand instead:

# --user-install avoids Gem::FilePermissionError on macOS system Ruby; Copy

# pin 1.15.x 1f you are on Ruby 2.6 (ffi >= 1.16 may not build there).
gem install --user-install ffi 1.15.5

# download the native library:

wget libazul.dylib /ui/release/0.2.0/1libazul.dylib # macO0S

wget libazul.so /ui/release/0.2.0/1libazul.so # linux

# windows: download /ui/release/0.2.0/azul.dll

Then drop the generated azul.rb binding next to your script and run with -I. :

wget /ui/release/0.2.0/azul.rb Copy


https://github.com/ffi/ffi

Simple .,,Counter” Example

require 'azul' Copy

# Plain Ruby object - the "single source of truth" for app state.
class MyDataModel

attr_accessor :counter

def initialize(counter); @counter = counter; end

end

model MyDataModel.new(5)
data = Azul::RefAny.wrap(model) # wrap into a handle for the framework

# Click callback: a lambda. unwrap recovers your object from the handle.
on_click = lambda do |data_ptr, _info|

m = Azul::RefAny.unwrap(data_ptr)

next Azul::Update::DoNothing if m.nil?

m.counter += 1

Azul: :Update: :RefreshDom

end

# Layout callback: f(data) -> Dom.
layout = lambda do |data_ptr, _info]
m = Azul::RefAny.unwrap(data_ptr)
next Azul::Dom.create_body if m.nil?

# Style a node with a plain CSS string via .with_css.
label = Azul::Dom.create_div

.with_css( ' font-size: 32px; ")
.with_child(Azul: :Dom.create_text(m.counter.to_s))

# Smart .on_click(data, &block) wraps refany + registers internally.
button = Azul::Button.create('Increase counter')
.with_button_type(Azul: :ButtonType: :Primary)
.on_click(m, on_click)

Azul: :Dom.create_body
.with_child(label)
.with_child(button.dom)

end

# Smart factory hides the manual layout_callback splice; .with(opts) recursively
# assigns nested fields and auto-converts Ruby Strings to AzString.
window = Azul: :WindowCreateOptions.create_with_layout(layout) . with(
window_state: {
title: 'Hello World',
size: { dimensions: { width: 400.0, height: 300.0 ! 1},
flags: {
decorations: Azul::WindowDecorations: :NoTitleAutoInject,
background_material: Azul::WindowBackgroundMaterial: :Sidebar,



app = Azul::App.create(data, Azul::AppConfig.create

app.run(window

Four things to notice.

Azul::RefAny.wrap / .unwrap — wrap any Ruby objectinto a handle; the same object is
handed back to callbacks. unwrap returns nil on mismatch, so guard with next ... if

m.nil? .

Callbacks are lambdas with the signature |data_ptr, info| .Use next (not return )to
yield a value out of a lambda block.

Smart builders. WindowCreateOptions.create_with_layout(lambda) and
Button.create(...).on_click(model, fn) hide the register + splice; .with(hash) drops
the field-drilling boilerplate.

Style with CSS strings. Dom#with_css('font-size: 32px;') parses a plain CSS string —
no manual property construction needed ( Azul: :String#to_s , Option#to_opt ,
Result#unwrap , Vec#to_a also exist).

Build and run

ruby -I. hello-world.rb Copy

( -1. tells Ruby tolookin the current dir for azul.rb .) You should see the window pictured on
the hello-world landing_page.

Common errors

cannot load such file -- azul — azul.rb isn'tontheload path. Run with ruby -I.
hello-world.zrb .

Could not open library 'libazul' — put libazul.dylib / libazul.so nextto
azul.rb , orpoint AZ_LIB_DIR atits directory ( AZ_LIB_DIR=. ruby -I. hello-world.rb ).
Note that DYLD_LIBRARY_PATH does NOT work with macOS system Ruby — SIP strips

DYLD_* variables.


http://localhost:8799/ui/guide/hello-world

e Counter does not advance — the lambda yielded Azul::Update::DoNothing . Remember
next returnsfrom a block.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Node.js]
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GUIDE

Application Architecture

Explains the concepts of architecting a larger Azul application

Introduction

Building graphical user interfaces has, despite its perceived simplicity, been a difficult problem in
computer science. Despite a constant progress in languages, libraries, design patterns and
compilers, developers face the same fundamental problems in user interfaces that they did 40
years ago: managing state, synchronizing application data with what users see, and enabling
communication between distant components without creating a spaghettified mess.

The root of this struggle lies in a core conflict that nearly every toolkit fails to properly address:
the conflict between the ,Visual Tree” (the hierarchy of object on the screen) and the ,State
Graph” (the logical relations between components interacting with each other).

e The ,Visual Tree" is the hierarchy of elements as they appear on the screen. It is always a tree:
a window contains a panel, which contains a button. Its structure is defined by layout and
presentation.

e The ,State Graph” is the map of how application data and logic are connected. A filter control
in atoolbar ( Visual Tree -> Toolbar -> Filter Data ) needs to alter the data displayed in
a completely separate table ( Visual Tree -> MainPanel -> Table ) withoutthe two pieces
being merged in a ,FilterDataTableWithToolbar®, as that will create a complete mess once the
interactions become more complex.

Second, the biggest problem (especially confronted by React), is the inherent object-oriented
mindset of web browsers, with operations such as dom.addChild or removeChild or

nodeABC.delete : when something gets visually deleted, the nodes dependent on nodeABC
need to be updated too, otherwise they now point to stale visual objects.

Prior Art

The key insight of Azul is that this network of dependencies is a complex graph, not a simple tree
and fusing them together (via a ,minimum common ancestor approach”) creates the
unmaintainable mess of most modern Uls.



The ,pain” of Ul programming stems from frameworks that either fuse them together or
awkwardly force the graph to conform to the shape of the tree.

Fused Hierarchy [OOP]

The first generation of toolkits (Qt, GTK, MFC, Swing) were built on an object-oriented model - not
because it was necessary, but because it was considered , best practice”. The paradigm was
simple: the Ul is a tree of stateful objects. A Button object holds its own text and state, a

MyCustomPanel objectinherits from Panel and adds its own data and logic, objects are then
composed in a hierarchy until you get to the parent ,window” object.

# OOP Paradigm Copy
class MyApp(othertoolkit.App
# ...
def on_click
# text_input implicitly comes from othertoolkit.App
input = self.text_input.getText
calculated = do_somthing_with_1input(input
self.output.setText(calculated
self.text_input.setText(,”

In this model, the Visual Tree and the State Graph are fused. The object inheritance hierarchy is
equal tothe visual hierarchy. This immediately creates real problems:

e Communication between logically related but visually distant components requires complex
pointer management (in JS, reference management - no crash but not much better), global
mediator objects, or a web of signal-and-slot connections that are difficult to trace and
maintain (Qts meta-object-compiler).

e Changing the visual layout in this paradigm forces a refactoring of the class hierarchy, which
makes developing applications in such toolkits painful and creates hard dependencies on the
toolkit itself (leading to ,toolkit wars”, like the battle over GTK vs Qt). The application logic is
not testable in isolation without the framework because it is fundamentally inseparable from
the Ul objects themselves.

e It creates a hard dependency on the toolkit itself. Your application logic is not portable or
reusable because it is fundamentally intertwined with the toolkit's base classes, rendering
system, and event model.



Constrained Hierarchy [Elm, React]

The next major step, led by frameworks like React, Angular and the EIm Architecture, introduced
a new functional paradigm: UI = f(data) . The Ulis a declarative, pure function of the
application's state. This was revolutionary at the time, as it solved the problem of state
synchronization. When the data is changed, the framework efficiently updates the view to match
instead of manually needing a setText() call (,two-way data binding”).

# React Paradigm Model Copy

def MyApp
input_value, set_input_value = useState(’

output_value, set_output_value = useState(""

def handle_click
calculated = do_something_with_input(input_value
set_output_value(calculated

u

set_input_value(,

return Page(children=
TextInput(value=input_value, on_change=set_input_value
Button(on_click=handle_click
Label(text=output_value

However, while these frameworks finally decouple the view from imperative manipulation, they
still constrain the flow of data to the shape of the Visual Tree. The example above works because
TextInput , Button ,and Label are all siblings, children of MyApp . But what if the Button
wereina Toolbar andthe TextInput and Label wereina MainContent panel?

React's solution is to ,lift state up” to their lowest common ancestor, MyApp . The MyApp
component must now hold the state and pass both the data and the callback functions down
through the intermediate components.

def MyApp Copy

# State 1s lifted to the common ancestor

input_value, set_input_value = useState("’
# ... logic also lives in the ancestor ...

return Page(children=
# Toolbar is now forced to accept and pass down a prop it doesn't use
Toolbar(on_button_click=handle_click
# MainContent is also forced to pass props
MainContent
input_value=input_value



on_1input_change=set_input_value

output_value=output_value

Here, the State Graph is still being forced into the tree structure of the view, leading to .. prop
drilling” and components with indirect APIs. The existence of complex ,escape hatches” like
Redux or the Context API is evidence of this core constraint—they are patterns invented to work
around this default tree-based data flow.

Elms solution goes even further to ,lift all state up” to the root ancestor and route everything in a
single, top-level ,update” function. EIm therefore represents the philosophical extreme of the
constrained hierarchy:

1. Model: The entire state of the application is held in a single, immutable data structure.
2. View: A pure function that takes the Model and returns a description of the UL.

3. Update: A single, central function that is the only entity allowed to modify the state.

It does so by taking an incoming Msg (a message from the Ul) and the current state, and
producing a new state.

Ignoring Hierarchy (IMGUI)

Immediate Mode toolkits (IMGUI) take a different approach. The paradigm is to have no persistent
Ul objects at all; the Ul is redrawn from scratch from application data every single frame. This
solves synchronization issue by brute force but shoves the problem of application architecture
onto the developer instead of the framework - leading to a ,minimal, opinionated framework”, but
serious problems with layouting and accessibility.

# IMGUI Paradigm Model Copy
class AppState

input_buffer = ""

output_text = ""

# Inside the main application loop, every frame
def render_ui(app_state
ui.text_input("Input:", &app_state.input_buffer
if ui.button('Calculate”
calculated = do_something_with_1input(&app_state.input_buffer
app_state.output_text = calculated
app_state.input_buffer.clear
ui.label(&app_state.output_text



IMGUI doesn't solve the Visual Tree vs. State Graph problem — it just largely ignores the problem
and instead creates a hidden data binding in a ,closure with captured arguments” instead of a
.class with state and functions™:

While the form is different from OOP, the operation (and the problem) is the same. A closure is just
a function on a struct containing all captured variables. The effect is the same as a class-with-
methods, but on top of that, it provides even less layout flexibility than object-oriented code.

Immediate Mode GUI does solve the synchronization problem, but it fails at the other two core
problems of GUIs: data access and inter-widget communication.

Intermediate Considerations

Why Electron Won

The success of Electron is (besides practical reasons) likely a consequence of the architectural
superiority of Reactive over OOP frameworks. In the 2010s, developers were moving to the
declarative web paradigm - not because it provided more features, but primarily because it was
more maintainable than the 1990s-era OOP model. When tasked with building a desktop
application, they had a choice: revert to the painful, fused hierarchy paradigm of Qt or GTK, lock
themselves to a certain vendor toolkit, or use the more modern (yet still constrained) hierarchy of
React.

Electron provides the bridge - while many developers were probably unconscious about it, they
chose it not for its stellar performance (or lack of it), but for its better paradigm, as they were now
free to use much more functional-ish frameworks than whatever XAML hell Microsoft was
presenting at the time. The native desktop world had no answer to this at the time, so developers
accepted the performance cost and tons of build-tool workarounds as a necessary evil.

Azul is not an answer to the Reactive or OOP mindset. It doesn't try to reinvent ,Electron, but in
Rust” or ,React, but in Rust”. Instead, it tries to build a different paradigm: acknowledging the
theoretical idea of UI = f(data) butfusing it with the practical reality that the final application
will always be a ,messy graph”, and it's better to ,contain” the mess rather than trying to out-
theorize it.

What is the essence of a Ul toolkit?

A guestion that sometimes comes up in discussions is how a ,,GUI toolkit” differs from a
.rendering library”. This is the second distinction between the major paradigms or classes of ,GUI



toolkits”. One could mainly categorize the toolkit by its handling of the following three ,hard
problems”:

1. Data Access / Model-View separation: Somehow a callback needs access to both the data
model (i.e. the class) and the stateful Ul object (to scrape the text out), but at the same time
the ,data model” should be as far removed from the Ul as possible, so that logic functions do
not depend on view data ( my_ui_object.getText() ).

2. Synchronization: It is very easy for the visual Ul state and the data model to go out of sync.
Solutions so farinclude ,Observer patterns” (callbacks that run when something changes),
React-like reconciliation or ,just redraw everything” (IMGUI).

3. Inter-widget communication: This is the hardest problem to solve, as it's not directly
obvious in TodoMVC-esque applications. Existing toolkits assume that the widget hierarchy
(visual tree) and the inheritance (or function call) hierarchy are the same (using the least
common ancestor as a channel, either via OOP inheritance or via React-style prop drilling).
Other solutions involve observable cells of functionality ( useMemo / useEffect in SolidJS),
which the framework then coordinates (downside: moves the ,mess” implicitly into the
framework instead of the user code).

Overall, immediate-mode libraries do not solve these problems at all, instead shoving the
responsibility for managing state onto the application programmer in the name of ,freedom?”. Well,
.freedom” in GUI state management is simply a euphemism for ,we don't actually have a clue on
how to manage state” - at least saying that would be simply more honest.

Starting again from scratch

So, if we could free our mind conceptually from both OOP and Reactive programming, what would
a .proper toolkit look like? By ,proper” it means that it solves the problems above and scales to
larger (500K - 1 million lines of code) applications without becoming an unmaintainable mess.

Encoding Visual Hierarchy

The first thing we'd need to decide is whether we'd like to serialize the Ul or render it directly
(IMGUI), without first storing it. The choice here is relatively obvious, because the former creates
instant opportunity for introspection of the visual state (such as in a HTML debugger). The
counter-argument against this has been traditionally ,performance”, but when testing Azuls
memory profile, this effectively came up as a non-issue: the entire DOM with styling in even a
large application is only ~500KB - 1MB of actual data.

In terms of efficiency there is a massive upside to this, as we don't need to redraw the entire
screen just to blink a cursor, which enables power savings on low-powered devices. Second, it



also nicely maps to how computers execute - compare the XML hierarchy to function call stacks:

div class="parent Copy
div class="child div
div class="child div
div class="child div
div
with:
Copy

div(class="parent", children =
div(class="child"
div(class="child"

div(class="child"

Composing Ul hierarchies via functions makes much more sense than composing Ul hierarchies
via inheritance because the latter is often language-specific and not supported in all languages,
whereas functions are language agnostic.

Encoding Data Access

The second decision is where to store the Ul data, so that the callbacks may access it again.
Widget-specific data has to be either stored on the programmer side (in the application, using
inheritance or traits) or in the framework (either using data attributes or - worse - global state
modifying functions such as synchronous setColor(RED); draw(); swap(); calls). What
format should we use?

Inheritance-based toolkits only allow one format: You have to inherit from a Ul object and then
construct your application as a series of Ul objects. Azul however, stores the application data as
an implementation-agnostic RefAny struct: similarto PyObject orJavascripts Object itjust
stores .some data”, but the toolkit doesn't know what the type is. You can upcast your data and
wrap it via RefAny::new and then getimmutable or mutable access again via .downcast_ref()
or .downcast_mut() ,respectively:

let data = RefAny::new(5 // owns the data Copy
let data_clone = data.clone // only bumps the reference count
let data_ref: &usize = data.downcast_ref::<usize> unwrap // ok

println!(,{?", *data // prints ,5"



let data_mut: &mut usize = data.downcast_ref::<usize>().unwrap(); // error: data_ref still
held

// object destroyed here

Effectively this is similar to Observables , however, since RefAny s are connected to a
Callback ,a Dom ,a Task ora Thread ,the topology of how they are connected is more
obvious than with a free-floating Observable , whose memory lives merely ,somewhere”.

The biggest upside here is that this model makes the framework C-compatible (as Rust closures
or traits can never be expressed in the C ABI). The biggest downside of this is that we need an
extra ,upcast / downcast” system, as well as heap memory allocation.

Using [insert language]s module system, we can however minimize (and in practice completely
avoid) any errors related to up / downcasting by controlling the visibility of the thing we're
downcasting to - effectively making the ,blast radius” of a type casting error so minimal that it
becomes irrelevant in practice:

// number_input.rs (private internals) Copy
struct NumberInputInternal § /* ... */ %

// number_input.rs (public API)
pub struct NumberInput

internal: NumberInputInternal,

impl NumberInput §
pub fn dom(self) -> Dom {
let on_the_fly = RefAny::new(self.internal); // upcast
Dom: :new().with_callback(private_callback, on_the_fly)

extern ,C”
fn private_callback(data: RefAny, info: CallbackInfo) -> Update {
// downcast - as NumberInputInternal is private to this module,
// only code in this module can downcast to NumberInputInternal
// external code can't even name the type, so no downcast error possible

let d = data.downcast::<NumberInputInternal>().unwrap();

This way, once a decent amount of test coverage is done, the ,internals” of any widget are hidden
from the outside completely. When all references to a RefAny are deleted, the internal object is
deleted, too (running either a default or custom destructor).



Building a State Graph

The pattern that naturally emerged from this RefAny + Callback was the ,backreference”
pattern: storinga RefAny + Callback inside of a RefAny , designing public APIs of widgetsin a
.dependency injection” style.

The goal of this is to pass data / callbacks of a higher-level data model directly down to a lower-
level component during DOM construction, without having to .. prop drill* any data / callbacks
through intermediary components / middleware, but also, in difference to OOP, keep both
components ,in the dark” about each other. The only way where it's necessary to know the
relations is in the executed callback: exactly where we'd expect some form of complexity, and
where we could use a debugger to ,.step through” a potential downcast failure.

Examples

Simple: Input Validation

To explain this new concept more concrete, let's build a number input that wraps a text input and
validates that the user typed a number >18 ina VerifyAgeApplication . This demonstrates the
backreference pattern in its simplest form — a linear chain from low-level ( TextInput ) through
mid-level ( NumberInput )to high-level application logic ( VerifyAgeApplication ).

TextInput isthe lowest-level, azul-provided widget that manages text and provides hooks for
validation. It doesn't know anything about number validation or age validation. What it does know
is .1 should call this callback when the focus was lost".

class TextInput Copy

text: String
user_focus_lost_callback: Optional[Tuple[RefAny, Callback

def __init__(self, text
self.text = text

self.user_focus_lost_callback = None

def set_on_focus_Tlost(self, data, callback
# Allow higher-level widgets to hook into focus loss
self.user_focus_lost_callback = tuple(data, callback

def dom(self
dom = Dom.text(self.text
refany = RefAny(self
dom.set_callback(On.TextInput, refany, _on_text_input



dom.add_callback(On.FocusLost, refany, _on_focus_lost)

return dom

# PRIVATE to TextInput module, updates TextInput.text internal state
def _on_text_input(data, callbackinfo):

data.text += callbackinfo.get_text_changeset().text

# no callbackinfo.preventDefault(), so text input will continue

return Update.DoNothing

# PRIVATE to TextInput module, calls the user-provided validation callback
def _on_focus_Tlost(data, callbackinfo):
# When focus 1s lost, invoke the user-provided callback if it exists
if data.user_focus_lost_callback is None:
return Update.DoNothing

user_data, user_callback = data.user_focus_lost_callback

return user_callback(user_data, callbackinfo, data.text)

NumberInput now wraps TextInput and adds validation logic. It again holds a backreference to
its parent (in this case VerifyAgeApplication )via on_number_input :

class NumberInput: Copy

number: Integer
on_number_input: Optional[Tuple[RefAny, Callable]]

# default NumberInput() constructor

def __init__(self, number):
self.number = number
self.on_number_input = None

def set_on_number_input(self, data, callback):
# Store a backreference to the application,s callback
self.on_number_input = (data, callback)

def dom(self):
ti = TextInput(str(self.number))
# Pass a backreference to *this* NumberInput down to TextInput
ti.set_on_focus_lost(RefAny(self), _validate_text_input_as_number)

return ti.dom()

# PRIVATE to NumberInput module
def _validate_text_input_as_number(data, callbackinfo, string):
# This callback receives the NumberInput's data
if data.on_number_input is None:
return Update.DoNothing

number = string_to_number(string)
if number is None:
return Update.DoNothing # Invalid input; ignore silently



# Validation passed! Now invoke the application callback
app_data, app_callback = data.on_number_input
return app_callback(app_data, callbackinfo, number)

The top-level application logic of VerifyAgeApplication isthen completely decoupled from Ul
concerns, and can expect the Numberlnput to call it back with a number, not a string (so the
validation logic has already passed):

class VerifyAgeApplication: Copy

user_age: int

def __init__(self, initial_age):
self.user_age = initial_age

def layout_func(data, layoutinfo):
# uses the public interface of NumberInput
# doesn't care about how it's implemented internally
ni = NumberInput(data.user_age)
# Pass a backreference to the application down to NumberInput
ni.set_on_number_input(data, _on_age_1input)
# turns NumberInput into a plain DOM subtree
return Dom.createBody()
.withChild(ni.dom())

# PRIVATE to VerifyAgeApplication
def _on_age_input(data, callbackinfo, new_age):
# This callback only runs if the input was a valid number
if new_age < 18:
MsgBox.ok("You must be older than 18 to proceed")
return Update.DoNothing
else:
data.user_age = new_age
return Update.RefreshDom

app = App(VerifyAgeApplication(18), AppConfig(LayoutSolver.Default))
app . run(WindowCreateOptions(layout_func))

The key here is that no matter how complex the application gets in its ,State Graph”, it is now
decoupled from any ,Visual Tree", i.e. from the visual hierarchy itself.

When the user now finishes editing and the input loses focus, the event flows through the
backreferences:

1. _on_focus_lost(RefAny<TextInput>, text_string)

2. _validate_text_input_as_number(RefAny<NumberInput>, text_string)



3. _on_age_1input(RefAny<MyApplication>, validated_number)

Each level knows only about its immediate parent via the backreference. TextInput has no
knowledge of VerifyAgeApplication ,and VerifyAgeApplication has no knowledge of the
specific Ul widget being used. The State Graph is explicit: VerifyAgeApplication - NumberInput
- TextInput .

This pattern scales to arbitrary depth. You could create an EmailInput thatwraps TextInput
and validates email format, ora CreditCardInput thatvalidates card IDs. Each layer simply adds
logic without coupling to the layers above or below.

Complex: Node Graph Editor

The power of backreferences becomes even clearer with non-hierarchical state dependencies.
Consider a node graph editor, where the logical connections between nodes (a complex graph)
have no real relation to their visual layout (a flat list of sibling elements on a canvas).

The challenge of a node graph is that the logical connections between nodes (a complex graph)
have no relation to their visual layout (a flat list of sibling elements on a canvas). In the
NodeGraph , when a user clicks an input port on a node, how does the widget tell the top-level
NodeGraph state to create a connection? It doesn't send a message ,up” the Visual Tree. Similar
tothe TextInput , it follows a pre-defined .chain of backreferences” (operating on the ,Logical
Graph”):

1. The Dom forthe input port has a callback holding a PortWidget 's data.
2. This PortWidget contains a backreference to its logical parent,s data, the NodeWidget .

3. The NodeWidget inturn holds a backreference to the top-level NodeGraphWidget , which
contains the entire application state.

The callback for the click event on a visual node's Input / Output simply follows this chain of
references, making a direct jump from the event source to the top-level data model.

# Pseudo-code illustrating the backreference chain Copy

# These are not UI elements, but only the logical controllers for them

class NodeGraphWidget
def __init__(self, graph_state
self.graph_state = graph_state # The actual application data

# Logic that lives at the top level
def on_port_clicked(self, port_id
print(f"LOGIC(NodeGraph): Port {port_1id? clicked. Updating global state."

# ... logic to connect nodes in self.graph_state ...



class NodeWidget:
def __init__(self, node_id, graph_widget_ref):
self.node_1id = node_1id

self.graph_widget_ref = graph_widget_ref # Backreference to the graph

# This method 1s ,lent” to the PortWidget

def on_port_clicked(self, port_1id):
print(f"LOGIC(Node): Click received for port {port_1id}. Forwarding to graph."")
# Uses 1its backreference to call the top-level logic
self.graph_widget_ref.on_port_clicked(port_id)

class PortWidget:
def __init__(self, port_id, node_widget_ref):
self.port_id = port_1id

self.node_widget_ref = node_widget_ref # Backreference to the node

# This would be the callback attached to the UI element
def handle_click_event(self):

print(f"EVENT on Port {self.port_id:"")

# Uses 1ts backreference to start the logical chain

self.node_widget_ref.on_port_clicked(self.port_id)

Wiring it all up:

# Top-level state and logic controller Copy
app_state = {"nodes": {1, "connections": []?

graph_controller = NodeGraphWidget(app_state)

# 2. Create controllers for child components, passing down backreferences
node_a_controller = NodeWidget('NodeA", graph_controller)
port_al_controller = PortWidget("PortAl", node_a_controller)

# 3. Simulate a user clicking the visual port
port_al_controller.handle_click_event()

The flow of control follows the logical graph, not the visual tree:

1. Event -> PortWidget.handle_click_event()
2. PortWidget.handle_click_event() -> NodeWidget.on_port_clicked()

3. NodeWidget.on_port_clicked() -> NodeGraphWidget.on_port_clicked()

This data flow is completely independent of the visual layout and the intermediary middleware
flow is completely hidden at the highest level - which makes testing much simpler and decouples
the actual callback from the entire framework (in tests you can pass in a mock RefAny and test



that it changed). The PortWidget is perfectly decoupled; it doesn't know what the
NodeGraphWidget is, only that it must call a function on the reference it was given.

In the ,real-world” NodeGraph, the flow is more complex, but the pattern scales horizontally,
irrespective of the number of events that the graph needs to handle or the complexity of the
graphs features.

Summary

This document was mostly theoretical, but it's important to read because the main ,reason
d'etre” (reason for existence) of ,Why Azul?” doesn't lie in the technical choices (webrender vs
vello, Rust vs Zig vs C++), but in the novel architecture approach, which hasn't been replicated
this way (the closest match to this approach is Apples SwiftUl, interestingly enough).

This document should help developers understand not only the goal of Azul, but also the ,why" of

their pain points in GUI programming - because someone who cannot articulate a problem
cannot solve it.

Coming Up Next

e Understanding RefAny — RefAny helps you to share and store type-erased data between
callbacks and threads

e Document Object Model — The Dom tree - node types, hierarchy, and CSS

e Styling with CSS — Stylesheets, selectors, and the cascade

e Events — Callbacks, event filters, and how state triggers relayout


http://localhost:8799/ui/guide/architecture/understanding-refany
http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/styling
http://localhost:8799/ui/guide/events

GUIDE

Hello World |[Node.js]

Introduction

The JavaScript binding loads the prebuilt 1ibazul native library via koffi on Node, bun:ffi on
Bun, and Deno.UnsafeCallback on Deno. Node.js is the verified runtime; the same azul.js
also detects Bun and Deno, but those paths are experimental (callback return values are not yet
written back to native memory there). You write ordinary JS: a plain object, a function per
callback, and the smart createWithLayout factory.

Installation
You need Node.js 16+ (or Bun / Deno), the koffi package, and the native 1libazul library.

The name azul on npmjs.org belongs to an unrelated project, so azul ships from its own index
at azul.rs. The quickest install is the hosted tarball — it bundles 1ibazul for
Linux/mac0S/Windows and pulls in koffi automatically:

npm install /ui/npm/azul-0.2.0.tgz Copy

With that installed you require('azul') .To wire it up by hand instead:

npm install koffi Copy
# download the native library into the working dir:
wget libazul.dylib /ui/release/0.2.0/1libazul.dylib # macO0S
wget libazul.so /ui/release/0.2.0/1libazul.so # linux
# windows: download /ui/release/0.2.0/azul.dll
Then drop the generated azul.js binding next to your script:
Copy

wget Jui/release/0.2.0/azul.js


https://koffi.dev/

Simple .,,Counter” Example

'use strict'; Copy

const azul = require('./azul.js');
const §
App, AppConfig, Button, ButtonType, Dom,
CssProperty, CssPropertyWithConditions, StyleFontSize,
Update, WindowBackgroundMaterial, WindowCreateOptions, WindowDecorations,
refanyCreate, refanyGet,

t = azul;
const model = { counter: 5 };

// Click callback. refanyGet recovers your object from the handle.
function onClick(dataPtr, _info) {

const m = refanyGet(dataPtr);

if (m == null) return Update.DoNothing;

m.counter += 1;

return Update.RefreshDom;

// Layout callback: f(data) -> Dom.
function layout(dataPtr, _info) ¢
const m = refanyGet(dataPtr);
if (m == null) return Dom.create_body();

const label = Dom.create div()
.with_css_property(
CssPropertyWithConditions.simple(
CssProperty.font_size(StyleFontSize.px(32.0))))
.with_child(Dom.create_text(String(m.counter)));

const button = Button.create( ' Increase counter')
.with_button_type(ButtonType.Primary)
.on_click(model, onClick);

return Dom.create_body()
.with_child(label)
.with_child(button.dom());

// Safety net: log koffi callback exceptions before they SIGABRT via libffi.
process.on( 'uncaughtException', (e) => {
console.error( '[azul] uncaught:', e && e.stack ? e.stack : e);

(DN

// Smart factory hides the host-invoker register + layout_callback splice;
// .with(opts) recursively assigns nested fields and converts JS strings.

const window = WindowCreateOptions.createWithLayout(layout). . with({



window_state:
title: 'Hello World'
size: dimensions: width: 400.0, height: 300.0
flags:
decorations: WindowDecorations.NoTitleAutoInject
background_material: WindowBackgroundMaterial.Sidebar

App.create(refanyCreate(model AppConfig.create run(window

Four things to notice.

refanyCreate / refanyGet — wrap any JS object into a handle; the same object is handed
back to callbacks. Guard with if (m == null) .

Callbacks are plain functions (dataPtr, info) => ... returning Update.* (ora Dom
for layout). The createWithlLayout factory registers them foryou.

Enums and helpers are top-level on the module: Update.RefreshDom ,
ButtonType.Primary . For Option / Result / Vec , use the module helpers
( azul.optionToNullable , azul.resultUnwrap ) — koffi unions carry no methods.

Keep the uncaughtException handler — it logs exceptions thrown inside koffi callbacks
before libffican SIGABRT the process.

Build and run

node hello-world.js Copy

# or:
bun run hello-world.js
deno run --allow-ffi --unstable-ffi hello-world.js

azul.js looks forthe native library ( 1ibazul.dylib / libazul.so / azul.dll )in this order:

1. $AZ_LIB — explicit path to the library file (overrides everything),

2. the directory containing azul.js itself,

3. $AZ_LIB_DIR - directory containing the library,

4. the current working directory,

5. the system loader search path ( DYLD_LIBRARY_PATH / LD_LIBRARY_PATH / PATH ).



With the download steps above (library and azul.js inthe same directory) it is found
automatically — no environment variables needed. You should see the window pictured on the
hello-world landing_page.

Common errors

e Cannot find module './azul.js' — runfrom the directory containing azul.js ,orfix the
require path.

o koffifails toload 1libazul — the native libraryisn'tin any of the locations listed under
.Build and run”; the simplest fix is to put 1ibazul.dylib / libazul.so / azul.dll nextto
azul.js ,orpoint AZ_LIB_DIR atthe directory that containsit (or AZ_LIB atthe file itself).

¢ Process aborts on click with no stack — a callback threw; the uncaughtException logger
surfaces it. Counter not advancing usually means you returned Update.DoNothing .

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [OCaml]
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GUIDE

Hello World [OCaml]

Introduction

The OCaml binding uses ctypes-foreign to call the prebuilt 1ibazul native library. Callbacks
go through libazul's host-invoker plumbing, so Ctypes never has to synthesize a struct-by-value
trampoline. OCaml is the most explicit of the bindings — user functions return the raw az_dom
Ctypes.structure and the codegen'sinvoker writes the bytes through an out-pointer.

Installation

You need OCaml 4.14+ with dune, the ctypes + ctypes-foreign packages, and the native
libazul library.

There is no opam package yet - install manually:

opam install ctypes ctypes-foreign Copy

# download the native library into the project dir:
wget libazul.dylib /ui/release/0.2.0/1libazul.dylib  # macOS
wget libazul.so Jui/release/0.2.0/1ibazul.so # 1inux

Add the generated azul.ml / azul.mli (plus optional dune scaffolding) to your dune project:

wget Jui/release/0.2.0/azul.ml Copy
wget Jui/release/0.2.0/azul.mli

wget /ui/release/0.2.0/dune

wget /ui/release/0.2.0/dune-project

Then save the counter example below as hello_world.ml nextto the downloaded files, and
uncomment the (executable ...) stanza atthe bottom of the downloaded dune file so dune
exec ./hello_world.exe has something to build.


https://github.com/yallop/ocaml-ctypes

Simple .,,Counter” Example

(* Avoid “open Azul': the Azul module shadows Stdlib.String with its own Copy

String wrapper. Reference Azul members explicitly. *)

(* Data model. *)
type my_data_model = { mutable counter : int !
let model = { counter = 5 }

(* Click callback: returns an int Update code. *)
let on_click (data_ptr : unit Ctypes.ptr) (_info : unit Ctypes.ptr) : int =
let ref_ptr = Ctypes.from_voidp Azul.az_ref_any data_ptr in
match Azul.azul_refany_get ref_ptr with
| None -> @ (* Update.DoNothing *)
| Some (m : my_data_model) ->
m.counter <- m.counter + 1;
1 (* Update.RefreshDom *)

(* Layout callback: returns the raw az_dom structure; the invoker writes the
bytes through the out-pointer. *)
let layout (data_ptr : unit Ctypes.ptr) (_info : unit Ctypes.ptr)
: Azul.az_dom Ctypes.structure =
let ref_ptr = Ctypes.from_voidp Azul.az_ref_any data_ptr in
match Azul.azul_refany_get ref_ptr with
| None -> Azul.raw_dom (Azul.Dom.create_body ())
| Some (m : my_data_model) ->
(* Button.onClick is TYPED: Button.with_on_click takes an
az_button_on_click_callback, so register through the
button-specific helper (the generic azul_register_callback
returns an az_callback and will not type-check here). *)
let click_cb = Azul.azul_register_button_on_click_callback on_click in

let click_data = Azul.azul_refany_create m in

(* with_* consume the receiver as their first arg; flip the arg order
with local helpers so values flow left-to-right under |>. *)

let with_css css d = Azul.Dom.with_css d css in

let with_child child d = Azul.Dom.with_child d child in

let as_btn_type t b Azul.Button.with_button_type b t in

let on_click_ data cb b = Azul.Button.with_on_click b data cb in

let label_div =

Azul.Dom.create_div ()

|> with_css "font-size: 32px;"

> with_child (Azul.raw_dom (Azul.Dom.create_text (string_of_1int m.counter)))
in
let button_dom =

Azul.Button.create "Increase counter’

|> as_btn_type 1 (* ButtonType.Primary *)

|> on_click_ click_data click_cb

|> Azul.Button.dom



in

Azul.Dom.create_body

|> with_child (Azul.raw_dom label_div
|> with_child button_dom

|> Azul.raw_dom

let =
let data = Azul.azul_refany_create model in
let wco = Azul.azul_window_create_options_with_layout layout in

let app_config = Azul.AppConfig.create in

let app = Azul.App.create data (Azul.raw_app_config app_config) in

(* Mark wrappers consumed: their bytes are about to be moved into libazul by
App.run. Without azul_consume, Gc.finalise would later call <X>_delete on
moved memory. Same pattern as Node's _consume and Ruby's Azul._consume. *)

Azul.azul_consume app_config

Azul.App.run app wco

Four things to notice.

Azul.azul_refany_create / azul_refany_get — wrap/recover your value through a
handle. The getter returns option ,so match ... | None -> ... | Some m ->

Callbacks return raw structures. layout returns az_dom Ctypes.structure
( Azul.raw_dom extracts it from a wrapper); the invoker writes the bytes out for you. Update
codes are plainints ( @ = DoNothing, 1 = RefreshDom).

with_* consume the receiver. They take the receiver as the firstargument, sotouse |>
you flip the arg order with small local helpers — the value then flows top-down.

Call azul_consume on wrappers whose bytes are moved into libazul (e.g. the AppConfig
passed to App.create ), or OCaml's GC finalizer will later double-free the moved memory.

Build and run

dune exec ./hello_world.exe Copy

# or, after “dune build :
# macOS: DYLD_LIBRARY_PATH=. ./_build/default/hello_world.exe
# Tinux: LD_LIBRARY_PATH=. ./_build/default/hello_world.exe

You should see the window pictured on the hello-world landing_page. Click the button: the
counter increments and the layout callback re-runs.



http://localhost:8799/ui/guide/hello-world

Common errors

Dl.dlopen / library not found — the native library isn't on DYLD_LIBRARY_PATH /
LD_LIBRARY_PATH , or not in the project directory.

Unbound module Azul — azul.ml / azul.mli aren'tlistedinyour dune modules / notin
the project.

SIGABRT in <U8Vec as Drop>::drop on exit —you forgot azul_consume on awrapper
whose bytes were moved into libazul; the GC finalizer double-freed it.

Counter does not advance — on_click returned @ (DoNothing)instead of 1 .

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Rust]
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GUIDE

Hello World |Zig]

Introduction

Zig talks to Azul through ecImport :the generated azul.zig includes the C header ( pub const
C = @cImport(@cInclude("azul.h")) )andevery AzString / AzDom / AzApp_run symbol
comes out fully typed, with no FFI shim in between. Because a Zig function declared with

callconv(.c) isareal Cfunction pointer, callbacks are passed to Azul directly — Zig is one of
the few bindings that needs neither a host-invoker trampoline nor a wrapper-struct dance for
callbacks.

The counter example below uses the raw azul.C.* layer exclusively. azul.zig also contains
an idiomatic wrapper layer on top of the same import; the raw layer is the path that is exercised
end-to-end by the test suite, so it is what this guide documents.

You need Zig 0.14 or newer (the example is tested against 0.16; the shipped build.zig uses
the Module build APl introduced in 0.13, and lowercase callconv(.c) requires 0.14+).

Installation

There is no package-manager story for Zig yet — you download the header, the binding, the
native library, and a minimal build.zig into one directory and run zig build run there:

# linux Copy

curl Jui/release/0.2.0/1ibazul.so

curl /ui/release/0.2.0/azul.h

curl Jui/release/0.2.0/azul.zig

curl /ui/release/0.2.0/build.zig

curl Jui/release/0.2.0/hello-world.zig
=. zig build run

# macos Copy

curl Jui/release/0.2.0/1ibazul.dylib
curl Jui/release/0.2.0/azul.h

curl Jui/release/0.2.0/azul.zig

curl Jui/release/0.2.0/build.zig



curl Jui/release/0.2.0/hello-world.zig

=. zig build run

# windows Copy
curl Jui/release/0.2.0/azul.dll

curl Jui/release/@.2.0/azul.h

curl Jui/release/0.2.0/azul.zig

curl Jui/release/0.2.0/build.zig

curl /ui/release/0.2.0/hello-world.zig

zig build run

The LD_LIBRARY_PATH=. / DYLD_LIBRARY_PATH=. prefixis required because the downloaded
build.zig links 1ibazul from the current directory but does not embed an rpath — the
dynamic loader has to be told where the library lives at run time.

Simple .,,Counter” Example

This is the exact hello-world.zig shipped in the release (the same file the end-to-end test
builds and clicks through):

// zig build run Copy

const std = @import("std");

const azul = @import("azul.zig");

const C = azul.C;

// — Data model
//

// Mirrors the C macro "AZ_REFLECT_JSON(MyDataModel, ...) :

//

// 1. A compile-time-unique type id (the address of a “var  we'll
// never read or write).

// 2. An “upcast’ that wraps the struct in an “AzRefAny'.

// 3. A “downcast® that recovers a typed pointer back from the

// refany.

//
// Plain old data - empty destructor.

const MyDataModel = struct §{

counter: u32,

var MY_DATA_TYPE_TOKEN: u8 = 0;
fn myDataTypeIld() u64 {



return @intFromPtr (&MY_DATA_TYPE_TOKEN) ;

fn myDataDestructor(_: ?*anyopaque) callconv(.c) void {?

fn myDataUpcast(model: MyDataModel) C.AzRefAny ¢

// “AzRefAny_newC™ copies the bytes into its own heap allocation,
// so handing it a stack pointer is fine. “run_destructor=false’
// means libazul won't try to free the caller's pointer when it
// copies — only the heap copy 1s freed (via myDataDestructor +
// libazul's internal free) when the last clone drops.
var local = model;
const type_name_bytes = "MyDataModel";
const type_name = C.AzString_fromUtf8(type_name_bytes.ptr, type_name_bytes.len);
return C.AzRefAny_newC(

.{ .ptr = @ptrCast(&local), .run_destructor = false },

@s1zeOf (MyDataModel),

@alignOf (MyDataModel),

myDataTypeld(),

type_name,

myDataDestructor,

@, // no serialize_fn

@, // no deserialize_fn

fn myDataDowncast(refany: *const C.AzRefAny) ?*MyDataModel {
if (!C.AzRefAny_1isType(refany, myDataTypeld())) return null;
const ptr = C.AzRefAny_getDataPtr(refany) orelse return null;
return @constCast(@as(*const MyDataModel, @ptrCast(@alignCast(ptr))));

// — Callback: button click

fn onClick(data: C.AzRefAny, _: C.AzCallbackInfo) callconv(.c) C.AzUpdate §
var d = data;
const m = myDataDowncast(&d) orelse return C.AzUpdate_DoNothing;
m.counter += 1;
return C.AzUpdate_RefreshDom;

// — Layout callback

fn layout(data: C.AzRefAny, _: C.AzLayoutCallbackInfo) callconv(.c) C.AzDom {
var d = data;
const m = myDataDowncast(&d) orelse return C.AzDom_createBody();

// Counter label (wrapped in a div so the font-size sticks).

var buf: [16]u8 = undefined;

const slice = std.fmt.bufPrint(&buf, "{d}", .{m.counter?) catch return
C.AzDom_createBody();

const counter_str = C.AzString fromUtf8(slice.ptr, slice.len);



const label = C.AzDom_createText(counter_str);

var label_wrapper = C.AzDom_createDiv();

const font_size = C.AzStyleFontSize px(32.0);

const css_prop = C.AzCssProperty fontSize(font_size);

const cond = C.AzCssPropertyWithConditions_simple(css_prop);
C.AzDom_addCssProperty(&label_wrapper, cond);
C.AzDom_addChild(&label_wrapper, label);

// Increment button. The typed “AzButton_setOnClick™ takes the bare

// “AzButtonOnClickCallbackType  fn pointer directly — no AzCallback

// struct wrapping needed since the typed-callback API change.

const btn_label_bytes = "Increase counter";

const btn_label = C.AzString_fromUtf8(btn_label_bytes.ptr, btn_label_bytes.len);
var button = C.AzButton_create(btn_label);

C.AzButton_setButtonType(&button, C.AzButtonType_Primary);

const data_clone = C.AzRefAny_clone(&d);

C.AzButton_setOnClick(&button, data_clone, onClick);

const button_dom = C.AzButton_dom(button);

// Body.

var body = C.AzDom_createBody();
C.AzDom_addChild(&body, label_wrapper);
C.AzDom_addChild(&body, button_dom);
return body;

// — Main

pub fn main() !void {
const model = MyDataModel{ .counter = 5 ?;
const data = myDataUpcast(model);

var window = C.AzWindowCreateOptions_create(layout);

const title_bytes = "Hello World";

window.window_state.title = C.AzString fromUtf8(title_bytes.ptr, title_bytes.len);
window.window_state.size.dimensions.width = 400.0;

window.window_state.size.dimensions.height = 300.0;

// NoTitleAutoInject: OS draws close/min/max buttons; framework

// auto-injects a Titlebar with drag support.

window.window_state.flags.decorations = C.AzWindowDecorations_NoTitleAutoInject;
window.window_state.flags.background_material = C.AzWindowBackgroundMaterial_Sidebar;

var app = C.AzApp_create(data, C.AzAppConfig_create());
C.AzApp_run(&app, window);



Callbacks are bare C function pointers

onClick and layout aredeclared callconv(.c) , which makesthem ABI-identical to the C
typedefs AzButtonOnClickCallbackType and AzlLayoutCallbackType . That means you pass the
function itself:

C.AzButton_setOnClick(&button, data_clone, onClick Copy

var window = C.AzWindowCreateOptions create(layout

Note that the typed AzButton_setOnClick takes the bare fn pointer, notan AzCallback
struct. Older snippets that wrapped the pointer with AzCallback_create(...) predatethe
typed-callback APl change and no longer compile — if you see a type error at the setOnClick
call site, delete the wrapping and pass the function directly. There is no host-invoker, no closure
allocation, and no hidden registry: the framework stores your pointer and calls straight back into
your Zig code on the Ul thread.

How RefAny works in Zig

RefAny is Azul's type-erased, reference-counted box for your application state — the C header
ships an AZ_REFLECT macro for it, and the Zig example hand-rolls the same three pieces in ~35
lines:

o Typeidentity — myDataTypeId() returnsthe address of a global var . Every Zig type you
reflect gets its own token variable, so the address is process-unique and stable, and
AzRefAny_1isType can verify at run time that a downcast targets the right type.

e Upcast — AzRefAny_newC copies e@sizeOf(MyDataModel) bytes into a refcounted heap
allocation. Handing it a pointer to a stack local is therefore fine; run_destructor = false
tells libazul not to free the caller's pointer (only the heap copy is destroyed, via your
destructor, when the last clone drops).

e Downcast — AzRefAny_isType + AzRefAny_getDataPtr recoveratyped *MyDataModel .
Both callbacks bail out gracefully ( orelse return ... ) when the check fails.

AzRefAny_clone(&d) bumps the (atomic) reference count — it does not deep-copy your struct.
The clone's ownership moves into the button, so the framework can hand the same data back to
onClick later. Data flow on click: framework matches the hit-test - calls onClick with the
stored RefAny - your code downcasts, increments counter , returns C.AzUpdate_RefreshDom
- the framework re-runs layout , which reads the new value.

Two more things worth noticing:



e Strings — AzString_fromUtf8(ptr, len) copies the bytes into a refcounted heap buffer,
which is why passing std.fmt.bufPrint outputfrom a stack bufferis safe:the AzString
outlives your stack frame.

e Typed CSS — instead of parsing a CSS string, the example builds the property
programmatically: AzStyleFontSize_px(32.0) — AzCssProperty_fontSize -
AzCssPropertyWithConditions_simple — AzDom_addCssProperty . (String CSS via
AzDom_setCss works from Zig too, exactly as in the C guide.)

Build and run

# macos Copy
=. zig build run
# 1inux
=. zig build run
# windows

zig build run

The zig build run flow uses the downloaded build.zig , which adds the current directory to
both the include path (for azul.h ) and the library path (for 1ibazul ). If you prefer a single
explicit command without build.zig , thisis the invocation the end-to-end harness uses:

# 1inux Copy

zig build-exe hello-world.zig -L. -T. . -femit-bin=hello-world
=. ./hello-world

# macos (framework flags matter — see Common errors)

zig build-exe hello-world.zig -L. -I. .
Foundation AppKit OpenGL
CoreGraphics CoreText -femit-bin=hello-world

=. ./hello-world

You should see the window pictured on the hello-world landing_page. Click the button: the
counterincrements, layout re-runs, and the new value renders.

Common errors

e error: C import failed — azul.h isnotonthe Cinclude path. The downloaded
build.zig adds . automatically; with a manual zig build-exe you mustpass -I.
yourself.


http://localhost:8799/ui/guide/hello-world/c
http://localhost:8799/ui/guide/hello-world

build.zig does not compile / unknown field errors — your Zig is too old. The shipped
build.zig usesthe Module API(Zig 0.13+), the example's lowercase callconv(.c) needs
0.14+, and the release is tested against 0.16. Upgrade Zig rather than editing the manifest.

e Type errorat AzButton_setOnClick — you passedan AzCallback struct (e.g.via
AzCallback_create ) where the typed setter expects the bare
AzButtonOnClickCallbackType fn pointer. Pass onClick directly.

¢ Runtime: 1library not found / cannot open shared object file — the generated
build.zig embeds no rpath, so keep the DYLD_LIBRARY_PATH=. / LD_LIBRARY_PATH=.
prefix from the install steps (oradd -rpath . whenusing zig build-exe ).

¢ Undefined symbols mentioning AppKit/OpenGL on mac0OS — when the linker requires the
system frameworks explicitly, add -framework Foundation -framework AppKit -framework
OpenGL -framework CoreGraphics -framework CoreText (the flagsthe e2e harness links
with).

e Counter does not update on click — onClick returned AzUpdate_DoNothing , orthe
downcast failed. A failed downcast usually means the type-id does not match: the id must
come from the address of the same global token variable used in the upcast.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Go]


http://localhost:8799/ui/guide/architecture
http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/hello-world/go

GUIDE

Hello World |Go]

Introduction

The Go story is cgo directly against azul.h :the counter example below puts the C headerin a
cgo preamble and calls C.AzApp_run , C.AzDom_createBody etc. straight through. Two cgo
features make this work without any host-invoker machinery:

e //export turns a Go function into a real C symbol, so the framework can call back into Go
with a plain C function pointer, and

e cgo compiles a small C preamble into your package, which is where the fn-pointer cast
helpers live (see the walkthrough below for why they are needed).

Because this is cgo, you need a C compiler at build time ( gcc on Linux, Xcode Command Line
Tools clang on macOS, MinGW gcc on Windows) in addition to Go 1.21+, and CGO_ENABLED=1
(the default on native builds). Fair warning, straight from the binding header: cross-compiling cgo
programs is genuinely painful — build on the target platform if you can.

A generated wrapper package ( azul.go , types.go, functions.go , wrappers.go — package
azul ) also ships with the release; the verified example does not import it, it calls the C ABI
directly.

Installation

You download the prebuilt library, the C header, and the cgo hello-world, then build — main.go
calls the C API directly through cgo, so no generated Go package is needed:

# 1inux (requires gcc on PATH) Copy
curl Jui/release/0.2.0/1ibazul.so
curl /ui/release/0.2.0/azul.h
curl Jui/release/0.2.0/main.go
go mod init hello-world
="-I." ="-L. -lazul -1lpthread -1m -1dl" go build hello-world .
=. ./hello-world



# macos (requires Xcode CLT: xcode-select --install) Copy
curl Jui/release/0.2.0/1ibazul.dylib
curl /ui/release/0.2.0/azul.h
curl /ui/release/0.2.0/main.go
go mod init hello-world
="-T." ="-L. -lazul -framework AppKit -framework OpenGL -framework

CoreGraphics -framework CoreText -framework CoreFoundation” go build hello-world .

=. ./hello-world

:: windows (requires MinGW gcc on PATH) Copy
curl -0 /ui/release/0.2.0/azul.dll
curl -0 /ui/release/0.2.0/azul.h

curl -0 /ui/release/0.2.0/main.go

go mod init hello-world

curl -0 /ui/release/0.2.0/azul.dll.1lib
set CGO_ENABLED=1

set CGO_CFLAGS=-I.

set CGO_LDFLAGS=azul.dll.1lib

go build -o hello-world.exe .
hello-world.exe

The CGO_CFLAGS / CGO_LDFLAGS environment variables are not optional: main.go 's own cgo
block only says -lazul, sothe include path, library path, and the platform-specific link flags
(system libs on Linux, frameworks on macO0S, the azul.d11l.1lib import library on Windows)

must come from the environment. On Windows, cgo links the import library directly and

azul.dll resolves from the current directory at run time.

Simple ,,Counter” Example

This is the exact main.go shipped in the release (the same file the end-to-end test builds and
clicks through):

// CGO_CFLAGS="-I." CGO_LDFLAGS="-L." go build && LD_LIBRARY_PATH=. ./hello-world Copy

package main

/*

#cgo LDFLAGS: -lazul
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include "azul.h"



// Forward declarations for the Go-exported callbacks below. cgo

// generates a header " _cgo_export.h’ with these too, but pulling them

// in here lets the C-side cast 1ift "AzCallbackType ™ / “AzLayoutCallbackType"
// out into single helpers.

extern AzUpdate goOnClick (AzRefAny data, AzCallbackInfo info);
extern AzDom golLayout (AzRefAny data, AzlLayoutCallbackInfo info);
extern void myDataDestructor (void* m);

// AzButton_setOnClick / AzWindowCreateOptions_create take a RAW C-ABI
// function pointer (AzCallbackType / AzlLayoutCallbackType), NOT the
// AzCallback wrapper struct. cgo maps a raw fn-pointer typedef to

// “*[0]byte’ and a struct to ~_Ctype_struct_Az... , so returning the
// struct here i1s a type error at the Go call site. Return the raw

// fn-pointer types directly.

static inline AzCallbackType make_click_callback (void) § return
(AzCallbackType)goOnClick; 1%

static inline AzlLayoutCallbackType make_Tlayout_callback (void) § return
(AzLayoutCallbackType)goLayout; ?

static inline AzRefAnyDestructorType make_my_data_destructor (void) { return

(AzRefAnyDestructorType)myDataDestructor; }?
*/

import "C"

"unsafe"

// Compile-time-unique type 1id: the address of a package var. upcast wraps
// the struct in an AzRefAny; downcast recovers a typed pointer.

type myDataModel struct {
counter C.uint32_t

// The address of this package var is the per-type RTTI id.
var myDataTypeToken byte
var myDataTypeID = C.uint64_t(uintptr(unsafe.Pointer(&myDataTypeToken)))

//export myDataDestructor
func myDataDestructor(_ unsafe.Pointer) {?

func myDataUpcast(model myDataModel) C.AzRefAny {
local := model // stack copy; AzRefAny_newC copies the bytes
typeName := [ ]byte("MyDataModel")
cTypeName := C.AzString fromUtf8((*C.uint8_t) (unsafe.Pointer(&typeName[0Q])),
C.size_t(len(typeName)))
ptr := C.AzGlVoidPtrConst{
ptr: unsafe.Pointer(&local),
run_destructor: C.bool(false),



return C.AzRefAny_newC(
ptr,
C.size_t(unsafe.Sizeof(local)),
C.size_t(unsafe.Alignof(local)),
myDataTypelD,
cTypeName,
C.make_my_data_destructor(),
@, // serialize_fn

0, // deserialize_fn

func myDataDowncast(refany *C.AzRefAny) *myDataModel {
if !bool(C.AzRefAny_1isType(refany, myDataTypeID)) ¢
return nil
3
raw := C.AzRefAny_getDataPtr(refany)
if raw == nil {
return nil

3
return (*myDataModel) (raw)

// — Callback: button click

//export goOnClick
func goOnClick(data C.AzRefAny, _ C.AzCallbackInfo) C.AzUpdate {
;= data
m := myDataDowncast(&d)
if m == nil {
return C.AzUpdate_DoNothing
3
m.counter++
return C.AzUpdate_RefreshDom

// — Layout callback

//export golLayout
func golLayout(data C.AzRefAny, _ C.AzlLayoutCallbackInfo) C.AzDom ¢

= data
m := myDataDowncast(&d)
if m == nil {

return C.AzDom_createBody()

// Counter label (wrapped in a div so the font-size sticks).

counterStr := [byte(fmt.Sprintf("%d", m.counter))

counterAz := C.AzString_fromUtf8((*C.uint8_t)(unsafe.Pointer(&counterStr[0])),
C.size_t(len(counterStr)))

label := C.AzDom_createText(counterAz)



labelWrapper := C.AzDom createDiv()

fontSize := C.AzStyleFontSize_px(C.float(32.0))
cssProp := C.AzCssProperty_fontSize(fontSize)

cond := C.AzCssPropertyWithConditions_simple(cssProp)
C.AzDom_addCssProperty(&labelWrapper, cond)
C.AzDom_addChild(&labelWrapper, label)

// AzButton_setOnClick takes the bare fn-pointer typedef; the C helper

// casts the //export'd goOnClick to AzCallbackType (see the preamble).

btnLabelBytes := []byte("Increase counter")

btnLabel := C.AzString fromUtf8((*C.uint8_t) (unsafe.Pointer(&btnLabelBytes[0])),
C.size_t(len(btnLabelBytes)))

button := C.AzButton_create(btnlLabel)

C.AzButton_setButtonType(&button, C.AzButtonType_Primary)

dataClone := C.AzRefAny_clone(&d)

C.AzButton_setOnClick(&button, dataClone, C.make_click_callback())

buttonDom := C.AzButton_dom(button)

// Body.

body := C.AzDom_createBody()
C.AzDom_addChild(&body, labelWrapper)
C.AzDom_addChild(&body, buttonDom)

return body

// — Main

func main() {
model := myDataModel{counter: 5?
data := myDataUpcast(model)

window := C.AzWindowCreateOptions_create(C.make_layout_callback())

titleBytes := []byte("Hello World")

window.window_state.title = C.AzString_fromUtf8((*C.uint8_t)
(unsafe.Pointer(&titleBytes[@])), C.size_t(len(titleBytes)))

window.window_state.size.dimensions.width = 400.0

window.window_state.size.dimensions.height = 300.0

// NoTitleAutoInject: OS draws close/min/max buttons; framework
// auto-injects a Titlebar with drag support.
window.window_state.flags.decorations = C.AzWindowDecorations_NoTitleAutoInject

window.window_state.flags.background_material = C.AzWindowBackgroundMaterial_Sidebar

app := C.AzApp_create(data, C.AzAppConfig_create())
C.AzApp_run(&app, window)



How callbacks work with cgo
Three moving parts, all visible in the preamble at the top of the file:

1. //export goOnClick — cgo compiles the Go function into a real C symbol with the exact C-
ABI signature AzUpdate (AzRefAny, AzCallbackInfo) .The framework calls it like any other
C function pointer; no reflection, no trampoline.

2. extern forward declarations — cgo generates these in _cgo_export.h anyway, but
repeating them in the preamble lets the next piece reference the functions.

3. static inline make_*_callback() casthelpers — the one cgo quirk.
AzButton_setOnClick and AzWindowCreateOptions_create take raw C fn-pointer typedefs

( AzButtonOnClickCallbackType , AzlLayoutCallbackType ) — not a callback wrapper struct.
cgo maps a raw fn-pointer typedef to the opaque Go type *[@]byte , and Go will not let you
cast a Go function to that at the call site. So the cast happens once, on the C side, in a tiny
helper that returns the already-cast pointer: C.make_click_callback() . (lgnore the stale
inline comment above the button code that mentions AzCallback_create — asthe
preamble comment explains, the setter takes the raw fn pointer, and that is what the code
passes.)

Data flow on click: the framework matches the hit-test, calls the exported goOnClick with the
button's stored RefAny , your code mutates counter andreturns C.AzUpdate_RefreshDom ,
and the framework re-invokes golayout to rebuild the DOM with the new value.

How RefAny works in Go

RefAny is Azul's type-erased, refcounted box for application state. The example hand-rolls the C
AZ_REFLECT macro in ~30 lines:

o Typeidentity — the address of the package variable myDataTypeToken is process-unique
and stable, so it serves as the runtime type id that AzRefAny_isType checks before every
downcast.

e Upcast — AzRefAny_newC copies unsafe.Sizeof(local) bytes into libazul's own heap
allocation. This is also what makes the cgo pointer-passing rules happy: the Go pointer
&local isonly read duringthe call and never retained by C, so no Go memory is pinned.
run_destructor: false means libazul will not try to free the Go pointer — only its own heap
copy is destroyed (via the exported destructor) when the last clone drops.

e Downcast — AzRefAny_isType + AzRefAny_getDataPtr recover atyped *myDataModel
pointing at libazul's heap copy (which is why m.counter++ persists between callbacks). Both
callbacks return a safe default when the downcast fails.



e AzRefAny_clone — bumps the atomic refcount (no deep copy); the clone's ownership moves
into the button so the framework can hand the data back to goOnClick later.

Strings work the same way: C.AzString_fromUtf8(ptr, len) copies the bytes out of the Go
byte slice into a refcounted buffer during the call, so the slice can be garbage-collected

afterwards.
Build and run
# macos Copy
="-TI." ="-L. -lazul -framework AppKit -framework OpenGL -framework
CoreGraphics -framework CoreText -framework CoreFoundation" go build hello-world .
=. ./hello-world
# 1inux

="-T." ="-L. -lazul -1lpthread -1m -1dl" go build hello-world .
=. ./hello-world

You should see the window pictured on the hello-world landing_page. Click the button: the
counterincrements, golLayout re-runs, and the new value renders.

Common errors

e found packages azul (azul.go) and main (main.go) — you also downloaded the
generated Go package files ( azul.go , types.go , functions.go , wrappers.go — all
package azul ). This example does not use them; keep them in a separate directory (or
delete them), since Go allows only one package per directory.

e azul.h: No such file or directory / cannot find -lazul —the CGO_CFLAGS="-I." /
CGO_LDFLAGS="-L. -lazul ..." environment variables are missing. main.go 's cgo block
only contains -lazul ; the search paths and platform link flags must come from the
environment (or edit the #cgo lines).

e C compiler "gcc" not found / cgo: C compiler not available — cgo needs a native C
toolchain: gcc (Linux), Xcode CLT (macOS, xcode-select --install ), MinGW (Windows).
Also check CGO_ENABLED=1 —itdefaultsto @ when cross-compiling.

¢ Runtime: library not found / cannot open shared object file — the loader cannot
find libazul.{so,dylib? ; keepthe LD_LIBRARY_PATH=. / DYLD_LIBRARY_PATH=. prefix
from the install steps (on Windows, azul.d1l just has to sit nexttothe .exe ).


http://localhost:8799/ui/guide/hello-world

e Counter does not update on click — goOnClick returned C.AzUpdate_DoNothing , orthe
downcast failed. A failing downcast usually means the type id passed to AzRefAny_newC and
the one checked in myDataDowncast are notthe same package-var address.

e Cross-compiling fails — expected; cgo cross-compiles need a full foreign C toolchain +
sysroot. Build natively on each target platform.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Zig]


http://localhost:8799/ui/guide/architecture
http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/hello-world/zig

GUIDE

Hello World [Pascal]

Introduction

The Pascal binding is a single generated Azul unit( azul.pas ) for Free Pascal 3.2+ that
declares every Az* function as cdecl; external 'azul' , plus asmall ,.host-invoker” layer that
lets you write callbacks as ordinary Object Pascal classes. There is no extra runtime and no code
generator to run on your side: you download one .pas file and the native library, and fpc does
the rest.

Two compiler directives make the FFl work and must be present in any program that uses the unit
(the example below has them):

e {$mode objfpct{$H+} — Object Pascal mode: classes, override ,and ( $H+ ) AnsiString
as the default string type.

e $$PACKRECORDS C} — forces C-ABI struct layout, so Az* records passed by value match the
Rust extern "C" ABI exactly. Without it, field offsets silently differ and calls corrupt
memory.

Installation

You need the Free Pascal Compiler ( fpc , 3.2+ — apt install fp-compiler / brew install
fpc ), the generated azul.pas unit, and the native library. All three downloads come from the
release page and are built by the release ClI.

Linux:

curl /ui/release/0.2.0/1ibazul.so Copy
curl Jui/release/0.2.0/azul.pas
curl /ui/release/0.2.0/hello-world.pas
fpc -Fl1. hello-world.pas
=. ./hello-world

macO0S:



/ui/release/0.2.0/1ibazul.dylib Copy

curl
curl Jui/release/0.2.0/azul.pas
curl Jui/release/0.2.0/hello-world.pas
fpc -F1. hello-world.pas
=. ./hello-world
Windows:
curl /ui/release/0.2.0/azul.dll Copy
curl Jui/release/0.2.0/azul.pas
curl Jui/release/0.2.0/hello-world.pas
fpc -F1. hello-world.pas

hello-world.exe

-F1. addsthe current directory to the linker's library search path. azul.pas carriesa

{$1inklib azul} directive, so FPC links against 1ibazul automatically — you do not need -k-
lazul onthe command line, only -F1. (orasystem-installed 1libazul ) so the linker can find
the library file.

Simple ,,Counter” Example

This is the exact program shipped as examples/pascal/hello-world.pas :

program HelloWorld;

Copy

§$mode objfpci{$H+1
§$PACKRECORDS C1%

uses

ctypes, sysutils,

Azul;

type

§ Plain data model. %
TMyModel = class

Counter: Integer;

constructor Create(c: Integer);

end;

§ Click handler: bump counter and request a DOM refresh.

Button.onClick is TYPED since the typed-callback API change: derive

from TAzButtonOnClickCallbackInvoker, not the generic TAzCallbackInvoker.
TMyClickHandler = class(TAzButtonOnClickCallbackInvoker)

3



procedure Invoke(id: cuint64; arg®: Pointer; argl: Pointer; out_ptr

override

end

§ Layout handler: build the DOM. %
TMyLayoutHandler = class(TAzLayoutCallbackInvoker

procedure Invoke(id: cuint64; arg®: Pointer; argl: Pointer; out_ptr

override

end

constructor TMyModel.Create(c: Integer
begin

Counter := ¢
end

function MakeAzString(const s: ansistring): TAzString
begin
if Length(s) = @ then
Result := AzString_fromUtf8(nil, 0@
else
Result

AzString_fromUtf8(PChar(@s[1 Length(s
end

procedure TMyClickHandler.Invoke(id: cuint64; arg@: Pointer; argl: Pointer

Pointer
var
m: TObject
begin
m := azul_refany_get(PAzRefAny(arg®
if (m <> nil) and (m i1s TMyModel) then
TMyModel(m) .Counter := TMyModel(m).Counter + 1
if out_ptr <> nil then
PAzUpdate(out_ptr)”

TAzUpdate_RefreshDom
end

procedure TMyLayoutHandler.Invoke(id: cuint64; arg®: Pointer; argl
Pointer
var
m: TObject
counter_text, label_wrap, body: TDom
btn: TButton
click_handler: TMyClickHandler
click_cb: TAzButtonOnClickCallback
click_data: TAzRefAny
begin
m := azul_refany_get(PAzRefAny(arg®
if (m = nil) or not (m is TMyModel) then
begin
body := TDom.CreateBody
if out_ptr <> nil then
PAzDom(out_ptr)” := body.Release
body .Free

Pointer

Pointer

Pointer

out_ptr

out_ptr



Exit;
end;

§ Idiomatic wrapper classes: TDom.CreateText / CreateDiv / CreateBody are
named constructors; builder methods return fresh TDom wrappers and
consume their by-value inputs, so .Free on a consumed wrapper only
releases the object shell, never the DOM it was moved into. 1%
counter_text := TDom.CreateText(MakeAzString(IntToStr(TMyModel(m).Counter)));
label_wrap := TDom.CreateDiv.WithCss(MakeAzString( ' 'font-size: 32px; "))
WithChild(counter_text);

click_handler := TMyClickHandler.Create;
click_cb := azul_register_buttononclickcallback(click_handler);
click_data := azul_refany_create(TMyModel(m));

btn := TButton.Create(MakeAzString( Increase counter'))
WithButtonType(TAzButtonType_Primary)
WithOnClick(click_data, click_cb);

body := TDom.CreateBody.WithChild(label_wrap).WithChild(btn.Dom);

§ Release detaches the raw record: ownership passes to libazul via out_ptr. ?
if out_ptr <> nil then
PAzDom(out_ptr)” := body.Release;

§ Free the wrapper shells (their records were consumed / released above). }
counter_text.Free;
label_wrap.Free;

btn.Free;
body .Free;
end;
var

model: TMyModel;

layout_handler: TMylLayoutHandler;
data: TAzRefAny;

layout_cb: TAzLayoutCallback;
wco: TAzWindowCreateOptions;

cfg: TAzAppConfig;

app: TAzApp;

begin
WritelLn('[azul] Pascal full-GUI hello-world starting.');

model := TMyModel.Create(5);

data := azul_refany_create(model);

layout_handler := TMyLayoutHandler.Create;
layout_cb := azul_register_layoutcallback(layout_handler);

wco := AzWindowCreateOptions_default();
wco.window_state.layout_callback := layout_cb;



wco.window_state.size.dimensions.width := 400.0
wco.window_state.size.dimensions.height := 300.0
wco.window_state.flags.decorations := TAzWindowDecorations_NoTitleAutoInject
wco.window_state.flags.background_material := TAzWindowBackgroundMaterial_Sidebar

cfg := AzAppConfig_create
app := AzApp_create(data, cfg
AzApp_run(@app, wco

end

Five things to notice.

¢ The host-invoker pattern — FPC cannot hand libazul a per-callback function pointer that
captures state (there are no closures with a C ABI, and struct-by-value callback signatures
are off-limits for most managed FFIs). Instead, the Azul unit registers one C stub per
callback kind with libazul when the unit loads (its initialization block calls
AzApp_setButtonOnClickCallbackInvoker , AzApp_setlLayoutCallbackInvoker ,and so on
— about 20 kinds). Your handler is a plain object: subclass the matching invoker class,
override Invoke ,then call the matching azul_register_* function. That returns a small
TAz*Callback record carrying a numeric handle; when the event fires, libazul calls the unit's
stub with that handle, the stub looks your object up in a handle table and dispatches to your

Invoke .

e Typed invoker classes — since the typed-callback change every widget event has its own
pair: derive from TAzButtonOnClickCallbackInvoker and register with
azul_register_buttononclickcallback (analogously TAzlLayoutCallbackInvoker /
azul_register_layoutcallback ). Deriving from a generic invoker class will not compile
against the current unit — the override has no matching virtual method.

e azul_refany_create / azul_refany_get — the Pascal analogue of RefAny .
azul_refany_create(TObject) stores your objectin the unit's handle table and wraps the
handle ina TAzRefAny that libazul carries around; azul_refany_get(PAzRefAny(arg®)) in
a callback hands the same instance back. Always guard with <> nil and is before the
typecast, and fall back to an empty body / no-op on mismatch.

¢ Ownership — the handle table owns every object you pass to azul_refany_create or
azul_register_* ,and Free s it exactly once when libazul drops the last reference (the
table dedups by object identity and refcounts, so re-wrapping the same model on each
relayout is safe). So do not Free those objects yourself — only the short-lived Tbom /
TButton wrapper shellsyou build inside a layout callback are yoursto Free .

e Raw Invoke signatures — arg® isthe data PAzRefAny , argl the (unused here)info
pointer, and out_ptr is where the resultis written: a click handler stores
PAzUpdate(out_ptr)” := TAzUpdate_RefreshDom , a layout handler stores
PAzDom(out_ptr)” := body.Release (the wrapperform)or PAzDom(out_ptr)” := body



(the raw record form). Forgetting the out_ptr write is the classic .window opens but
nothing happens” bug.

¢ Fluent wrapper style — TDom.CreateDiv / TButton.Create are named constructors
returning wrapper objects; WithCss , WithChild , WithButtonType , WithOnClick returna
fresh wrapper so you can chain them ( TDom.CreateDiv.WithCss(...).WithChild(...) ).
body.Release detaches the raw record and hands ownership to libazul through out_ptr .
(Theraw AzDom_* / AzButton_* record functions are still exported if you prefer the C-style
by-value builder.) Strings cross the FFl as UTF-8 buffers: MakeAzString copies an
AnsiString via AzString_fromUtfs8 .

Build and run

From the directory containing azul.pas , hello-world.pas and the native library:

fpc -F1. hello-world.pas Copy

# Linux
=. ./hello-world
# macO0S
=. ./hello-world
# Windows

hello-world.exe

-Mobjfpc -Sh mirrorthe {$mode objfpc}{$H+} directives onthe command line. azul.pas 's
{$1ink1lib azul} handlesthe -lazul foryou. If your linker still cannot find the library file, pass
its directory to the linker explicitly:

fpc -F1. -k-L. hello-world.pas Copy

Compiling azul.pas takes about two seconds and prints two Comment level 2 found
warnings — these come from directive text quoted inside the generated header comment and are
harmless.

You should see the window pictured on the hello-world landing_page. Click the button: the
counterincrements, TMylLayoutHandler.Invoke re-runs, andthe new value renders.


http://localhost:8799/ui/guide/hello-world

Common errors

1d: symbol(s) not found / cannot find -lazul atthe link step — the native library is
not where the linker looks. Build from the directory holding 1libazul.{so,dylib} /
azul.dll andkeep -Fl. (oradd the explicit -k-L. linker path shown above).

Runtime: ,library not found” — the /oader cannot find the library. Export
LD_LIBRARY_PATH=. (Linux)/ DYLD_LIBRARY_PATH=. (macQS), orplace azul.dll nextto
the .exe on Windows.

There is no method in an ancestor class to be overridden — you derived from the
wrong invoker class or changed the Invoke signature. It must be exactly Invoke(id:
cuilnt64; arg®: Pointer; argl: Poilnter; out_ptr: Pointer); override; onthetyped
per-widget class ( TAzButtonOnClickCallbackInvoker , TAzLayoutCallbackInvoker ,...).

Counter does not update on click — the handler never wrote PAzUpdate(out_ptr)” :=
TAzUpdate_RefreshDom , or azul_refany_get returned nil / a different class andthe is
guard skipped the increment. WritelLn in the failure branch to verify.

Random crashes when passing your own records to Az* functions — a unit is missing
{$PACKRECORDS C% . Every unit that declares or passes Az* records by value needs it.

Growing memory in long-running apps — handler objects passedto azul_register_* are

currently not freed when the native side releases the handle. The example creates a fresh
TMyClickHandler perlayout pass, which is fine for a demo but leaks a small object per

relayout; in a long-running app, create your invoker instances once and reuse them.

Threads — the handle table behind azul_refany_create / azul_register_* is not
synchronized. Register callbacks and create RefAnys from the main thread only; do not
register/release from AzThread callbacks concurrently.

Coming Up Next

Application Architecture — architecting a larger Azul application

Document Object Model — the Dom tree: node types, hierarchy, and CSS

Hello World [Scala]



http://localhost:8799/ui/guide/architecture
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http://localhost:8799/ui/guide/hello-world/scala
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Understanding RefAny

RefAny helps you to share and store type-

erased data between callbacks and threads

Introduction

RefAny is atype-erased, atomically reference-counted smart pointer with runtime borrow
checking. Conceptually Arc<RefCell<dyn Any>> ,but #[repr(C)] sothe same value moves
across the C ABI into Python, C++, and other bindings. It is the only piece of state plumbing the
framework imposes on you - every piece of callback data, dataset data, timer data, thread data,
and component backreference isa RefAny .

extern crate azul_core; copy

use azul_core: :refany: :RefAny;

// plain Rust struct - doesn't necessarily have to be repr(C)
struct Counter §
value: 164

// internally uses compiler internals to store the "RefAny" Typeld,
// to uniquely identify the type. Additionally stores metadata such as
// name, JSON serializing callbacks (if applicable), memory size, etc.
// for introspection / debugging
let mut data = RefAny::new(Counter {

value: 0

(DN

let mut clone = data.clone(); // cheap — bumps a refcount

// refmut "c" object created - bumps refcount

// call only succeeds if no borrow exists

if let Some(mut c¢) = clone.downcast_mut::<Counter>() {
c.value += 1;

// refmut "c" object dropped - refcount decreased

assert_eq! (data.downcast_ref: :<Counter>().unwrap().value, 1);



What RefAny stores

RefAny heap-allocates the value once and stores a pointer to it alongside metadata (type id,
type name, destructor, layout, atomic counters) in a separate heap allocation, the
RefCountInner . Every clone of a RefAny shares both allocations.

Fields on RefCountInner :

e _internal_ptr : Pointerto the users heap-allocated value

e num_copies : Number of RefAny instances sharing the data

e num_refs : Active shared borrows ( Ref<T> )

e num_mutable_refs : Active mutable borrows ( RefMut<T> )

e type_id / type_name : Runtime type identity for safe downcasts

e custom_destructor : extern "C" fn(*mut c_void) —runs T::drop

e _internal_layout_* :Size and alignment captured for deallocation

See core/src/refany.rs forexplicit documentation around safety / soundness.

Constructing RefAny

extern crate azul_core COpY

use azul_core: :refany: :RefAny

struct AppData
user: String

click_count: u32

let data = RefAny::new(AppData
user: "alice".to_string

click_count: @

RefAny: :new<T> records Typeld::of::<T>() , allocates with

Layout: :from_size_align(size_of::<T>(), align_of::<T>()) , copies the value onto the
heap, and mem: :forget s the original to skip its destructor: the destructor stored in

RefCountInner will run later when the last reference drops. T mustbe 'static (cannot store
references with lifetimesin a RefAny because the runtime cannot enforce a static lifetime
through the C ABI.



Cloning

extern crate azul_core; Copy

use azul_core: :refany: :RefAny;

let data = RefAny::new(Qu32);

let a = data.clone();

let b = data.clone();

assert_eq!(a.get_ref_count(), 3); // original + 2 clones

Clone atomically increments num_copies with SeqCst ordering and assigns the clone a
unique instance_1id . No datais copied. A clone is a few atomic instructions — you can pass
RefAny s freely.

Borrowing the inner value

extern crate azul_core; Copy

use azul_core: :refany: :RefAny;

let mut data = RefAny::new(42132);

let r = data.downcast_ref::<i32>().unwrap(); // shared borrow
assert_eq! (*r, 42);

t // borrow released here

if let Some(mut m) = data.downcast_mut::<i32>() { // mutable borrow
*m = 100;

(o]

e downcast_ref<U>(&mut self) returns Option<Ref<'_, U>> :fails on wrong type, ora
mutable borrow is live

e downcast_mut<U>(&mut self) returns Option<RefMut<'_, U>> :fails on wrong type, or any
borrow is live

e replace_contents(new_value) returns bool (success): returns false borrow is live

For debugging, RefAny contains other functions such as get_type_name() and
get_ref_count() todebugwhy a downcast is failing.



Both downcast_* functions take &mut self sothe compiler prevents two borrows from the
same RefAny value. Borrows from different clones of the same data are guarded by the runtime
counters and the Ref / RefMut RAIl guards.

Returning Option instead of panicking is deliberate. A failed downcast reports a mismatch a
callback can react to (return Update: :DoNothing ) instead of aborting the process.

Dataset vs Callback RefAny

use azul_core: :dom::{Dom, EventFilter, HoverEventFilter?; Copy

use azul_core: :callbacks: :{CallbackInfo, Update?;

use azul_core: :refany: :RefAny;
struct Counter { value: 164 ?
struct MyCustomStruct { foo: u32 ?

extern "C" fn on_click(mut data: RefAny, info: CallbackInfo) -> Update {
match data.downcast_mut::<Counter>() {
Some(c) => c.value += 1,
None => return Update::DoNothing,

let storage = info.get_dataset(info.get_hit_node_1id())
.and_then(data.downcast_mut: :<MyCustomStruct>());

match storage |
Some (MyCustomStruct { foo 1) => println!("{foolt"),
None => return Update::DoNothing,

Update: :RefreshDom

fn build() -> Dom §
let state = RefAny::new(Counter { value: @ 1);
Dom: :div () .with_callback(
EventFilter: :Hover(HoverEventFilter: :MouseUp),
state,
on_click,
)
.with_dataset(RefAny: :new(MyCustomStruct {
foo: 0,
)



Dom: :with_callback storesthe RefAny alongside the callback. When the event fires, the
framework clones the RefAny (cheap), invokes the extern "C" callback with that clone, and
drops the clone after the callback returns. The original RefAny remains attached to the node for
the next event.

Dom: :with_dataset attachesa RefAny without a callback — useful when child callbacks need
to navigate to data attached to an ancestor.

Memory and threading

RefAny is Send and Sync .The datais heap-allocated and the counters are AtomicUsize with

SeqCst ordering, soa RefAny can be moved or sharedintoa Task or Thread . The runtime
borrow checker is per- RefAny value, not per-data — concurrent mutable downcasts on clones of
the same RefAny race because the check-then-incrementin downcast_mut is not atomic.

For exclusive mutation across clones, use replace_contents instead, which uses

compare_exchange on num_mutable_refs .
Deallocation is automatic. When the last RefAny clone drops:

1. RefCount::drop ( core/src/refany.rs:185 )sees num_copies == 1 .
2. It reclaims RefCountInner via Box::from_raw .
3.ltruns custom_destructor on the data pointer (executes T::drop ).

4. 1t calls dealloc with the saved layout to release the bytes.

Borrow guards ( Ref , RefMut ) clone the RefCount , so they keep the data alive even if the
original RefAny is dropped. A guard outliving its parent is rare but legal.

Common pitfalls

RefMut still holding a reference

downcast_mut holds a runtime mutable borrow until its RefMut guard drops. If you call a user-
supplied callback while still holding it and the callback re-enters your component (touches the
same RefAny ), the inner downcast returns None . The pattern in the example above —
extracting whatever you need into local variables, calling drop(me) explicitly, then dispatching —
keeps the borrow window minimal.



let mut me = data.downcast_mut::<NumberInput> unwrap Copy

let parent = me.on_number.as_option unwrap clone // clone the RefAny
let cb = me.on_number_cb.unwrap
drop(me // release the borrow

cb(parent, info, value // safe to re-enter

Can't store references

A struct that borrows from another value cannot go through RefAny: :new . Either own the data
or wrap the borrowed source ina RefAny and clone that into the child.

Wrong type id

downcast_ref::<Foo>() ona RefAny constructed from Bar returns None , nota panic.
Check the result.

Borrow leaks across threads

A Ref<T> sentto anotherthread keeps the read borrow alive there; mutations on any clone
block until it returns. Prefer cloning the RefAny itself across threads and taking borrows locally.

Cycles

Two structs holding RefAny clones of each other will never drop. Use one direction of
backreference only — children point at parents, never the reverse.

Coming Up Next

e Document Object Model — The Dom tree - node types, hierarchy, and CSS

e Datasets — Attaching state to a node for navigation and per-instance state

e Events — Callbacks, event filters, and how state triggers relayout


http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/dom/datasets
http://localhost:8799/ui/guide/events
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Hello World |Scala]

Introduction

There is no separate Scala code generator: Scala rides the Java (INA) binding directly. You
compile the generated com.azul.* Java sources once with javac , put the resulting classes on
your classpath, and write ordinary Scala 3 against them — the same Dom / Button wrapper
classes, the same AzulNativeManaged.*CallbackInvokerCallback SAM interfaces, the same
AzulHostInvoker.refanyGet dataround-trip. Everything the Java binding can do, Scala can do,

plus pattern matching and lambda-SAM conversion on top.

The flow is: javac (compile the generated bindings once) - scala run (Scala CLI compiles and
runs your program against those classes).

Installation

You need a IDK 17+, Scala 3 / Scala CLI (the scala runner), INA 5.14+, and the native
libazul library.

Linux:
curl /ui/release/0.2.0/1ibazul.so Copy
curl /ui/release/0.2.0/azul-java.zip
unzip azul-java.zip azul-java
curl Jui/release/0.2.0/HelloWorld.scala
curl jna.jar https://repol.maven.org/maven2/net/java/dev/jna/jna/5.14.0/jna-
5.14.0.jar
javac jna.jar classes azul-java/*.java

scala run HelloWorld.scala --class-path classes:jna.jar --java-opt =.

macOS (note the extra -XstartOnFirstThread ):

curl /ui/release/0.2.0/1libazul.dylib Copy
curl /ui/release/0.2.0/azul-java.zip

unzip azul-java.zip azul-java

curl Jui/release/0.2.0/HelloWorld.scala


http://localhost:8799/ui/guide/hello-world/java

curl jna.jar https://repol.maven.org/maven2/net/java/dev/jna/jna/5.14.0/jna-
5.14.0.jar

javac jna.jar classes azul-java/*.java

scala run HelloWorld.scala --class-path classes:jna.jar --java-opt =. --

java-opt
Windows:
curl Jui/release/0.2.0/azul.dll Copy
curl Jui/release/0.2.0/azul-java.zip
unzip azul-java.zip azul-java
curl Jui/release/0.2.0/HelloWorld.scala
curl jna.jar https://repol.maven.org/maven2/net/java/dev/jna/jna/5.14.0/jna-
5.14.0.jar
javac jna.jar classes azul-java\*.java

scala run HelloWorld.scala --class-path classes;jna.jar --java-opt =.

azul-java.zip isthe same generated-bindings archive the Java guide uses — Scala consumes

the compiled .class files, sothe one javac invocation is the only Java-side step.

Simple ,,Counter” Example

This is the exact program shipped as examples/scala/HelloWorld.scala :

package com.azul Copy
import com.sun.jna.{Pointer, Structure
object HelloWorld

class MyDataModel(var counter: Int
private val MODEL = new MyDataModel(5

private val ON_CLICK: AzulNativeManaged.ButtonOnClickCallbackInvokerCallback =
new AzulNativeManaged.ButtonOnClickCallbackInvokerCallback
override def invoke(id: Long, dataPtr: Pointer, infoPtr: Pointer, outPtr: Pointer):
Unit =
AzulHostInvoker.refanyGet(dataPtr) match

case m: MyDataModel =>
m.counter += 1
outPtr.setInt(@, Update.RefreshDom.value

case _ =>
outPtr.setInt(@, Update.DoNothing.value



private def writeDom(outPtr: Pointer, dom: Dom): Unit =
val raw = Structure.newInstance(classOf[AzDom.ByValue]|, dom.rawPointer
raw.read

outPtr . write(@, raw.getPointer getByteArray (0, raw.size 0, raw.size

private val LAYOUT: AzulNativeManaged.lLayoutCallbackInvokerCallback =
new AzulNativeManaged.LayoutCallbackInvokerCallback
override def invoke(id: Long, dataPtr: Pointer, infoPtr: Pointer, outPtr: Pointer):
Unit =
AzulHostInvoker.refanyGet(dataPtr) match
case m: MyDataModel =>
val label = Dom.createDiv
withCss("font-size: 32px;"
withChild(Dom.createText(String.valueOf(m.counter
val buttonDom = new Dom
Button.create( 'Increase counter”
withButtonType(ButtonType.Primary.value
onClick(m, ON_CLICK
dom
rawPointer
writeDom(outPtr, Dom.createBody().withChild(label) . .withChild(buttonDom
case _ =>

writeDom(outPtr, Dom.createBody

def main(args: Array[String]): Unit =

// Smart factory: hides the host-invoker register + bytes-splice

// (compare with the pre-rewrite version's ~6 lines of boilerplate).

val wco = WindowCreateOptions.create(LAYOUT

val rawWco = Structure.newInstance(classOf[AzWindowCreateOptions.ByValue
wco.rawPointer

rawWco . read

val app = AzulNativeApp.AzApp_create(AzulHostInvoker.refanyCreate(MODEL
AzulNativeApp.AzAppConfig_create

app.write

AzulNativeApp.AzApp_run(app.getPointer rawWco

Five things to notice.

¢ Itisthe Javabinding, verbatim — Dom , Button , WindowCreateOptions , Update arethe
generated com.azul Java classes; JNAloads 1libazul underneath. The program livesin
package com.azul because the raw-pointer plumbing it uses (the Dom(Pointer)
constructor, for instance) is package-private in the generated sources. That also means al/
internals are reachable — stick to the shown patterns.



AzulHostInvoker.refanyGet + pattern match — your MyDataModel is wrapped once

( refanyCreate(MODEL) produces the raw AzRefAny.ByValue structthat AzApp_create

takes) and every callback recovers the same instance. match §{ case m: MyDataModel =>
.; case _ => ... } isthe Scala-natural version of Java's instanceof guard, with the

mismatch arm writing Update.DoNothing /an empty body.

e ButtonOnClickCallbackInvokerCallback SAM — click handlers use the typed per-widget
SAM from AzulNativeManaged (a generic CallbackInvokerCallback nolonger matches
Button.onClick ). Mutate the model, then write the Update intthrough the out-pointer:
outPtr.setInt(@, Update.RefreshDom.value) .Scala 3 lambda-SAM conversion works too
— the anonymous-class form above is just explicit about which interface is implemented.

¢ The layout callback splices bytes — this example implements the raw
LayoutCallbackInvokerCallback and copies the built AzDom structinto libazul's out-
pointeritself ( writeDom : Structure.newInstance + getByteArray + outPtr.write ).The
typed alternative from the Java guide — AzulHostInvoker.lLayoutCallback , which returns a
Dom directly and does the splice (plus ownership bookkeeping) for you — is the same
bytecode and works from Scala unchanged; prefer it for real applications.

¢ WindowCreateOptions.create(LAYOUT) — the smart factory hides the host-invoker
registration for the layout callback. main then drops to the raw
AzulNativeApp.AzApp_create / AzApp_run calls with by-value structs; AzApp_run blocks
until the last window closes.

Build and run

Two steps, matching the Installation block: compile the generated bindings once, then let Scala
CLI do the rest.

javac jna.jar classes azul-java/*.java Copy

# Linux / Windows

scala run HelloWorld.scala --class-path classes:jna.jar --java-opt =.

# macOS — Cocoa requires the event loop on thread @; scala-cli forwards
# the option to the JVM it launches:
scala run HelloWorld.scala --class-path classes:jna.jar

--java-opt =. --java-opt

--java-opt -Djna.library.path=. points INA atthe directory holding 1libazul.dylib /
libazul.so / azul.dll .You should see the window pictured on the hello-world landing_page.
Click the button: the counter increments and the layout callback re-runs.



http://localhost:8799/ui/guide/hello-world

Common errors

¢ Window never appears / instant crash on mac0S — you omitted --java-opt -
XstartOnFirstThread . Plain -XstartOnFirstThread onthe scala command line does not
reach the JVM; it must go through --java-opt .

¢ UnsatisfiedLinkError / library notfound — the native libraryis noton -
Djna.library.path (or DYLD_LIBRARY_PATH / LD_LIBRARY_PATH ). Keep itinthe working
directory and pass --java-opt -Djna.library.path=. .

e duplicate class errors —the generated .java sources are both compiled into
classes/ and sitting inside a source tree the compiler picks up. Compile them exactly once
with javac -d classes and reference onlythe classes/ directory afterwards.

e Counter does not advance — the mismatch arm ran and wrote Update.DoNothing.value ;
verify refanyGet returnsyour model type and that you write Update.RefreshDom.value
after mutating.

e Sporadic crashes under GC pressure — a hazard of the raw byte-splice style shown here:
once a struct's bytes are handed to libazul (as in writeDom , orthe rawWco passed to
AzApp_run ), the Java wrapper object still has a finalizer that will eventually delete the
same memory. For anything beyond hello-world, use the typed
AzulHostInvoker.LayoutCallback andthe App wrapper( App.create(...) + try-with-
resources in Java, Using in Scala), which mark wrappers consumed at the splice point.

¢ Unresolved com.azul symbols when compiling — classes is missing from --class-
path ,orthe javac step failed silently; re-run it and check that
classes/com/azul/Dom.class exists.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

¢ Hello World [Java] — the binding Scala rides on
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Hello World |Fortran]

Introduction

The Fortran binding targets Fortran 2003+ and talks to the prebuilt 1ibazul native library
through 1iso_c_binding . Everything lives in a single generated module, azul.f90 , which has
two layers:

e az_* —raw bind(C) interfaces mirroring azul.h one-to-one( az_dom_create_body() .
az_button_create(...) ,...). Structs are passed by value with the exact C size and
alignment; tagged unions (every AzOption* / AzResult* /union type)are emitted as ABI-
opaque blobs, because Fortran has no native union — you construct and inspect them
exclusively through the C-API helper functions, never through field access.

e azul_* — asmall host-invoker convenience layer on top: azul_register_<kind>() turnsa
bind(C) module procedure into an Az<Kind>Callback value, and azul_refany_create()
/ azul_refany_get() wrap and recover your data model pointer.

Callbacks dispatch through libazul's host-invoker plumbing: each registered procedure gets a
handle id, and when the framework fires the callback it calls back into a per-kind invoker inside

azul.f90 thatlooks the procedure up and invokes it. You wire those invokers up once at startup
with azul_host_invoker_init() .

Installation

You need GFortran (any recent version; on macOS brew install gcc provides it, on Windows
use the MinGW-wé4 gfortran) and make . The download set is: the native library, the generated
azul.f90 module, the generated Makefile , and the counter example source.

# 1inux Copy

curl Jui/release/0.2.0/1ibazul.so

curl Jui/release/0.2.0/azul.fo0

curl /ui/release/0.2.0/Makefile

curl Jui/release/0.2.0/hello_world.f90
make

./hello_world



# macO0S Copy
curl Jui/release/0.2.0/1ibazul.dylib
curl /ui/release/0.2.0/azul.fo0
curl Jui/release/0.2.0/Makefile
curl /ui/release/0.2.0/hello_world.f90
make
=. ./hello_world

# windows (MSYS2 / MinGW-w64 shell, azul.dll next to the .exe) Copy
curl /ui/release/0.2.0/azul.dll

curl Jui/release/0.2.0/azul.f90

curl /ui/release/0.2.0/Makefile

curl /ui/release/0.2.0/hello_world.f90

make

hello_world.exe

Use the shipped Makefile instead of invoking gfortran by hand: it carries the required -
ffree-1line-length-none flag. The generated azul.f9@ contains declaration lines beyond the
F2008 132-column limit (long widget/callback type names), and without the flag -std=f2008
turns each of them into a hard . Line truncated” error.

On macO0S the Makefile 's embedded rpath ( $0RIGIN ) is an ELF convention that the Mach-0
loader ignores, so run the binary with DYLD_LIBRARY_PATH=. as shown above (or fix the install
name once with install_name_tool ).

Compiling azul.f90 takes a few seconds and produces azul.o plus a compiler-managed
azul.mod thatyour program use s — both are cached by make , so incremental rebuilds only
recompile your own source.

Simple .,,Counter” Example

This is the complete, verified hello_world.f90 (the same file the install step downloads):

I Full-GUI Fortran hello-world: counter label + "Increase counter" button. Copy

I Build & run: make && ./hello_world (Makefile ships next to azul.f90)

I Callbacks go through azul.f90's host-invoker dispatch: register a
I bind(C) module procedure via azul_register_<kind>() and the returned
I Az<Kind>Callback value round-trips its handle id back into the

| registered procedure. Callbacks MUST live in a module (not as internal



| procedures) so c_funloc() needs no executable-stack trampoline.

module hello_impl
use, intrinsic :: iso_c_binding
use azul

implicit none

type :: t_model
integer :: counter =5
end type t_model
type(t_model), target, save :: model

contains

function mk_str(s) result(r)

character(len=*), intent(in) :: s

type(AzString) :: 1

character(kind=c_char), dimension(max(len(s), 1)), target :: buf

integer :: 1

do 1 =1, len(s)

buf(i) = s(i:1)

end do

I AzString_fromUtf8 copies the bytes, so the automatic buffer is fine.

r = az_string_from_utf8(c_loc(buf(l)), int(len(s), c_size_t))
end function mk_str

I ButtonOnClick user callback: bump the counter, request a DOM refresh.

I argd = AzRefAny* (model handle), argl = CallbackInfo*, out_ptr = AzUpdate*.

subroutine my_on_click(arg®, argl, out_ptr) bind(C)
type(c_ptr), value :: arg®, argl, out_ptr
type(c_ptr) :: praw
type(t_model), pointer :: m
integer(c_int), pointer :: update_out
praw = azul_refany_get(arg®)
if (c_associated(praw)) then
call c_f_pointer(praw, m)
m%counter = mlkcounter + 1
end if
if (c_associated(out_ptr)) then
call c_f_pointer(out_ptr, update_out)
update_out = AzUpdate_RefreshDom
end if
if (c_associated(argl)) return
end subroutine my_on_click

I Layout user callback: build body > [ div.font-size-32 > text(counter),

I button ]. arg® = AzRefAny*, argl = LayoutCallbackInfo*, out_ptr = AzDom*.

subroutine my_layout(arg®, argl, out_ptr) bind(C)
type(c_ptr), value :: arg®, argl, out_ptr
type(c_ptr) :: praw
type(t_model), pointer :: m
type(AzDom), pointer :: dom_out



type(AzDom) :: body, label_wrap
type(AzButton) :: btn
type(AzButtonOnClickCallback) :: click_cb
type(AzRefAny) :: click_data
character(len=32) :: num
body = az_dom_create_body()
praw = azul_refany_get(arg®)
if (c_associlated(praw)) then

call c_f_pointer(praw, m)

write (num, '(I0)') m%counter

label_wrap = az_dom_create_div()

label_wrap = az_dom_with_css(label_wrap, mk_str( ' font-size: 32px;"'))

label_wrap = az_dom_with_child(label_wrap, &
az_dom_create_text(mk_str(trim(num))))

click_cb = azul_register_buttononclickcallback(my_on_click)
click_data = azul_refany_create(c_loc(model))

btn = az_button_create(mk_str('Increase counter'))

btn
btn

az_button_with_button_type(btn, AzButtonType_Primary)
az_button_with_on_click(btn, click_data, click_cb)

body = az_dom_with_child(body, label_wrap)

body az_dom_with_child(body, az_button_dom(btn))
end if
if (c_associated(out_ptr)) then

call c_f_pointer(out_ptr, dom_out)
dom_out = body
end if
if (c_associated(argl)) return
end subroutine my_Tlayout

end module hello_1impl

program hello_world
use, intrinsic :: iso_c_binding
use azul
use hello_impl

implicit none

I NB: Fortran is case-insensitive — “app  would collide with the
I wrapper type "App  exported by the azul module.

type(AzRefAny) :: app_data

type(AzLayoutCallback) :: layout_cb

type(AzWindowCreateOptions) :: wco

type(AzApp), target :: the_app

print '(A)', '[azul] Fortran full-GUI hello-world starting.'

call azul_host_invoker_init()

app_data = azul_refany_create(c_loc(model))



layout_cb = azul_register_layoutcallback(my_layout

wco = az_window_create_options_default
wco%window_state%layout_callback = layout_cb
wco%window_state%title = mk_str( 'Hello World'

the_app = az_app_create(app_data, az_app_config_create
call az_app_run(c_loc(the_app wco

end program hello_world

Six things to notice.

e Callbacks are bind(C) module procedures. They MUST live in a module, not as internal
procedures of the main program: c_funloc() on a module procedure yields a plain C
function pointer, while an internal procedure would require a compiler-generated
executable-stack trampoline that crashes on hardened systems.

e azul_host_invoker_init() — callitonce, before az_app_run . It hands libazul the Fortran-
side invoker for every callback kind (layout, button-click, checkbox-toggle, ...) plus the handle
releaser. Skip it and no callback ever fires: the window opens but stays blank.

e azul_register_<kind>(proc) — stores c_funloc(proc) ina handle table and returnsthe
Az<Kind>Callback value you pass to the framework ( azul_register_layoutcallback for
the window, azul_register_buttononclickcallback forthe button). When the event fires,
libazul calls the registered invoker with the handle id, which looks up your procedure and calls
it.
e azul_refany_create(c_loc(model)) / azul_refany_get(argd) — the RefAny round-trip.
azul_refany_create wrapsaraw c_ptr toyour model (which mustbe a target, save
variable so the address stays valid for the app's lifetime); inside a callback, azul_refany_get
recovers the raw pointerand c_f_pointer turnsitbackinto atyped Fortran pointer.

¢ Results go out through out_ptr . User callbacks are subroutine s, not function s:the
framework passes an out-pointer ( AzUpdate* for click callbacks, AzDom* for layout
callbacks) and the invoker reads whatever you wrote there. Always write it on every path —
update_out = AzUpdate_RefreshDom queues are-layout, AzUpdate_DoNothing (or writing
nothing at all: don't) skips it.

e mk_str copies. az_string_from_utf8 copies the bytesinto an owned, refcounted
AzString , so building it from a stack-local character buffer is fine. There is no
character(*) -taking overload in the binding yet; mk_str is the four-line idiom to write

once per project.

Also note the naming comment in the main program: Fortran is case-insensitive, so a variable
named app collides with the App wrappertype exported by the azul module. Prefix your
locals ( the_app . app_data )to stay clear.



Build and run

make Copy

./hello_world # 1inux
=. ./hello_world # macO0S

You should see the window pictured on the hello-world landing_page: the label renders ,5" and
every click on the button increments it — the click callback bumps model%counter , returns

AzUpdate_RefreshDom , and the framework re-runs my_layout with the new value.

To run the same headless counter scenario the Cl uses:

=path/to/hello_world_counter.json =headless make run Copy

Common errors

¢ Thousands of ,Line truncated ... -Werror=line-truncation” errors compiling azul.f90
— you compiled by hand without -ffree-line-length-none . Use the shipped Makefile , or
add the flag to your own build.

e make triestorun f77 — anancient GNU make builtin default. The shipped Makefile works
around it; in your own Makefile set FC = gfortran explicitly (a plain FC ?= does not
override the builtin).

¢ Window opens but the button does nothing / stays blank — you forgot call
azul_host_invoker_init() before az_app_run , so libazul has no way to dispatch into
Fortran.

e Counter renders but never updates — the click callback did not write
AzUpdate_RefreshDom through out_ptr (or wrote nothing: the out-value is read by the
framework, leaving it unwritten is undefined). Write the out-pointer on every code path.

o Segfaultinside a callback — the model was not declared target, save ,so c_loc(model)
went stale; or the callback is an internal procedure instead of a module procedure.

¢ macO0S: dyld: Library not loaded: libazul.dylib — the Makefile's $ORIGIN rpathis
Linux-only. Run with DYLD_LIBRARY_PATH=. or rewrite the install name with

install_name_tool .

e “Procedure ... is already defined” or garbled option/union values — symptoms of a stale
azul.f90 from an olderrelease. Re-download azul.f9@ andthe Makefile from the same


http://localhost:8799/ui/guide/hello-world

0.2.0 asthe library; since 0.2.0 tagged unions are ABI-exact opaque blobs and all factory

names are unique.

¢ Trying toread AzOption* /union fields directly — not supported by design: Fortran has
no unions, so these types are opaque byte blobs. Construct and inspect them through the C-

API helper functions only.

Coming Up Next

e Application Architecture — architecting a larger Azul application

e Document Object Model — the Dom tree: node types, hierarchy, and CSS

e Hello World [Haskell]



http://localhost:8799/ui/guide/architecture
http://localhost:8799/ui/guide/dom
http://localhost:8799/ui/guide/hello-world/haskell
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