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A refreshingly simple data-driven game engine

Free and Open Source Forever!
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#[derive(Component)]
struct Position {
    x: f32,
    y: f32,
}

#[derive(Resource)]
struct GameState {
    stopped: bool,
}

fn print_position_system(query: Query<&Position>, resource: Query<&GameState>) {
    if resource.stopped {
        return;
    }
    for position in &query {
        println!("position: {} {}", position.x, position.y);
    }
}

struct Entity(u64);

Entity(0) Entity(1) Entity(2) Entity(3)

Position{x:0,y:1} Position{x:2,y:3} Position{x:4,y:5} Position{x:6,y:7}

#[derive(Component)]
struct Enemy {
    blood: u32,
}

Entity(0) Entity(2)

Position{x:0,y:1} Position{x:4,y:5}

Enemy{blood:0} Enemy{blood:0}

fn print_position_system(query: Query<&Position, &Enemy>, resource: Query<&GameState>) {
    if resource.stopped {
        return;
    }
    for (position, enemy) in &query {
        println!("position: {} {} enemy: {}", position.x, position.y, enemy.blood);
    }
}



fn modify_position_system(query: Query<&Position, &mut Enemy>) {
    …
}

fn main() {
    App::new()
        .add_plugins(DefaultPlugins)
        .add_systems(Update, print_position_system)
        .add_systems(Update, modify_position_system)

        // launch the app!
        .run();
}

fn print_position_system(query: Query<&Position, &Enemy>) {
    …
}
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fn main() {
    App::new()
        .add_plugins(DefaultPlugins)
        .add_systems(Update, print_position_system)
        .add_systems(Update, modify_position_system.before(print_position_system))

        // launch the app!
        .run();
}
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bevy_render

bevy_pbr

Everything Else



+
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vkCmdDispatch

vkCmdCopyBufferToImage

vkCmdPipelineBarrier
COPY -> COMPUTE

vkCmdBeginRendering
…

vkCmdEndRendering

vkCmdPipelineBarrier
COMPUTE -> FRAGMENT

vkCmdDispatch

vkCmdDispatch

vkCmdPipelineBarrier
COMPUTE -> COMPUTE

vkCmdBeginRendering
…

vkCmdEndRendering

vkCmdPipelineBarrier
COMPUTE -> FRAGMENT
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vkCmdDispatch

vkCmdCopyBufferToImage

vkCmdPipelineBarrier
COPY -> COMPUTE

vkCmdBeginRendering
…

vkCmdEndRendering

vkCmdPipelineBarrier
COMPUTE -> FRAGMENT

vkCmdDispatch

vkCmdDispatch

vkCmdPipelineBarrier
COPY | COMPUTE -> COMPUTE

vkCmdBeginRendering
…

vkCmdEndRendering

vkCmdPipelineBarrier
COMPUTE -> FRAGMENT



vkCmdPipelineBarrier
??????? -> FRAGMENT

                   ??????    SHADER_SAMPLED_READ

vkCmdBeginRendering
…

vkCmdEndRendering
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vkCmdBeginRendering
…

vkCmdEndRendering

vkCmdPipelineBarrier
queueFamily 0 ->

Queue family 0 Queue family 1

vkCmdDispatch

vkCmdPipelineBarrier
-> queueFamily 1

❌
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…and other things the “render graph at home” doesn’t do 
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Analyzes dependencies 
between passes to 
automatically insert the 
correct pipeline barriers 
and semaphores

GPU Synchronization
Tracks the state of every 
image resource and 
automatically transition 
them to the optimal layout

Image Layout Transitions
Identify the timeline of 
resource usages and alias 
logical resources to use the 
same underlying physical 
memory

Memory Aliasing

Identify passes that can be 
combined into a single 
render pass - crucial for 
tile-based GPU

Render Pass Merging
Track resource lifetimes and 
ensure that resources stay 
alive while the command 
buffer stays pending

Resource Lifetime Management
Allows independent render 
graph nodes to encode 
command buffers in parallel

Parallel Encoding

A typical Vulkan Render Graph implementation



vkCmdDispatch vkCmdDispatch

vkCmdDispatch vkCmdDispatch
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vkCmdDispatch(1) vkCmdDispatch(2)

vkCmdDispatch(3) vkCmdDispatch(4)

vkCmdPipelineBarrier vkCmdPipelineBarrier



vkCmdDispatch(2)

vkCmdDispatch(1)

vkCmdDispatch(4)

vkCmdDispatch(3)

vkCmdPipelineBarriervkCmdPipelineBarrier



vkCmdDispatch(2)

vkCmdDispatch(1)

vkCmdDispatch(4)

vkCmdDispatch(3)

vkCmdPipelineBarriervkCmdPipelineBarrier

impl Plugin for MyPlugin {
    fn build(&self, app: &mut App) {
        app.add_systems(PostUpdate, (
            dispatch1,
            dispatch2,
        ).before(pipeline_barrier));

        app.add_systems(PostUpdate, (
            dispatch3,
            dispatch4,
        ).after(pipeline_barrier));
    }
}



vkCmdDispatch(2)

vkCmdDispatch(1)

vkCmdDispatch(4)

vkCmdDispatch(3)

vkCmdPipelineBarrier(1)

impl Plugin for MyPlugin1 {
    fn build(&self, app: &mut App) {
        app.add_systems(PostUpdate, (
            dispatch2,
            pipeline_barrier2,
            dispatch4,
        ).chain());
    }
}
impl Plugin for MyPlugin2 {
    fn build(&self, app: &mut App) {
        app.add_systems(PostUpdate, (
            dispatch1,
            pipeline_barrier1,
            dispatch3,
        ).chain());

    }
}

vkCmdPipelineBarrier(2)



vkCmdDispatch

vkCmdDispatch

vkCmdDispatch

vkCmdDispatch

vkCmdSetEvent(2)

vkCmdSetEvent(1)

vkCmdWaitEvent(1)

vkCmdWaitEvent(2)



fn computepass() {

    dispatch1();

    // Hey Claude, put some magic barrier here.
    // Dispatch3 will use a texture produced by Dispatch1.

    dispatch3();
    
}



fn computepass1() {

    dispatch1();

    yield;

    dispatch3();

}

fn computepass2() {

    dispatch2();

    yield;

    dispatch4();

}

impl Plugin for MyPlugin {
    fn build(&self, app: &mut App) {
        app.add_systems(PostUpdate, computepass1);

        app.add_systems(PostUpdate, computepass2);
    }
}



fn computepass() {

    dispatch1();

    yield;

    computepass2();

    yield;

    zip(computepass3(), dispatch2());

    yield;

    copy_image_to_buffer();

}

fn computepass2() {

    copy_buffer_to_image();

    yield;

    trace_rays();

}
fn computepass3() {

    copy_buffer_to_image();

    yield;

    dispatch3();

    yield;

    dispatch4();

}



vkCmdDispatch(1)

vkCmdCopyBufferToImage

vkCmdTraceRays

vkCmdCopyBufferToImage

vkCmdDispatch(3)

vkCmdDispatch(4)

vkCmdDispatch(2)

vkCmdCopyImageToBuffer



fn pass1() {

impl Plugin for MyPlugin {
    fn build(&self, app: &mut App) {
        app.add_systems(PostUpdate, pass1);

        app.add_systems(PostUpdate, pass2);
    }
}

    draws1();

    yield;

    dispatch1();
}

fn pass2() {

    dispatch2();

    yield;

    draws2();
}



fn pass1() {

    draws1();

    yield;

    dispatch1();
}

fn pass2() {

    dispatch2();

    yield;

    draws2();

}



…and other things the “render graph at home” doesn’t do 
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Analyzes dependencies 
between passes to 
automatically insert the 
correct pipeline barriers 
and semaphores

GPU Synchronization
Tracks the state of every 
image resource and 
automatically transition 
them to the optimal layout

Image Layout Transitions
Identify the timeline of 
resource usages and alias 
logical resources to use the 
same underlying physical 
memory

Memory Aliasing

Identify passes that can be 
combined into a single 
render pass - crucial for 
tile-based GPU

Render Pass Merging
Track resource lifetimes and 
ensure that resources stay 
alive while the command 
buffer stays pending

Resource Lifetime Management
Allows independent render 
graph nodes to encode 
command buffers in parallel

Parallel Encoding

A typical Vulkan Render Graph implementation
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fn pass1<'a>(
    encoder: &mut CommandEncoder<'a>, // 'a indicates the command buffer lifetime
    pipeline: GraphicsPipeline) {

    let pipeline: &'a GraphicsPipeline = encoder.retain(pipeline);
    // pipeline will live until the command buffer was dropped

    
    // bind_pipeline enforces that the reference must outlive 'a
    encoder.bind_pipeline(pipeline);
}



Trying to extend the Rust 
safety model to the GPU 
is a great idea 🦀
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fn pass1<'a>(
    encoder: &mut CommandEncoder<'a>, // 'a indicates the command buffer lifetime
    pipeline: GraphicsPipeline) {

    let pipeline: &'a GraphicsPipeline = encoder.retain(pipeline);
    
    // Bind once, use forever!
    encoder.bind_pipeline(vk::PipelineBindPoint::GRAPHICS, pipeline);
    encoder.bind_pipeline(vk::PipelineBindPoint::COMPUTE, pipeline);
    encoder.bind_pipeline(vk::PipelineBindPoint::RAY_TRACING_KHR, pipeline);
}
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struct GPUMutex<T> {
    semaphore: vk::Semaphore,
    value: u64,
    item: Box<T>
}

fn pass1<'a>(
    encoder: &mut CommandEncoder<'a>,
    image: GPUMutex<Image>) {

    // 1. Have the COMPUTE_SHADER stage of this command buffer wait on
    //    GPUMutex::semaphore until it reaches GPUMutex::value
    // 2. Swap GPUMutex::semaphore to be the timeline semaphore that this
    //    command encoder is going to signal upon completion
    let image: &'a Image = encoder.lock(&image, COMPUTE_SHADER);

}



async fn run(image: &GPUMutex<Image>) {
    // Wait on the GPUMutex, blocking the current thread 
    image.unwrap_block();

    
    // Wait on the GPUMutex asynchronously
    image.unwrap_block_async().await;
}



fn run<'a>(
    encoder: &mut CommandEncoder<'a>,
    image: &GPUMutex<Image>, // What state is this in?
) {
    let image = encoder.lock(image, vk::PipelineStageFlags2::COPY);

    encoder.image_barrier(
        image,
        /* before_access */ // what should I put here??,
        /* after_access */ Access::COPY_WRITE,
        /* old_layout */ // what should I put here???,
        /* new_layout */ vk::ImageLayout::TRANSFER_DST_OPTIMAL,
        …
    );

    encoder.copy_buffer_to_texture(
      some_buffer,
      image,
      &[vk::BufferImageCopy { .. }],
      vk::ImageLayout::TRANSFER_DST_OPTIMAL
    );
}
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Tracking Resource States

‣ Track Globally: A centralized HashMap<Resource, State>

‣ Interim Barrier: Global States + Per-Command-Buffer State

‣ Render Graph

‣ Trust but Verify

Vulkanised 2024: Vulkan Synchronization Made Easy - Grigory Dzhavadyan



fn run<'a>(
    encoder: &mut CommandEncoder<'a>,
    image: &GPUMutex<Image>, // What state is this in?
) {
    let image = encoder.lock(image, vk::PipelineStageFlags2::COPY);

    encoder.image_barrier(
        image,
        /* before_access */ // what should I put here??,
        /* after_access */ Access::COPY_WRITE,
        /* old_layout */ // what should I put here???,
        /* new_layout */ vk::ImageLayout::TRANSFER_DST_OPTIMAL,
        …
    );

    encoder.copy_buffer_to_texture(
      some_buffer,
      image,
      &[vk::BufferImageCopy { .. }],
      vk::ImageLayout::TRANSFER_DST_OPTIMAL
    );
}



fn run<'a>(
    encoder: &mut CommandEncoder<'a>,
    image: &GPUMutex<Image>,
    state: &mut ResourceState,
) {
    let image = encoder.lock(image, vk::PipelineStageFlags2::COPY);

    encoder.image_barrier(
        image,
        /* before_access */ state.access,
        /* after_access */ Access::COPY_WRITE,
        /* old_layout */ state.layout,
        /* new_layout */ vk::ImageLayout::TRANSFER_DST_OPTIMAL,
        …
    );

    encoder.copy_buffer_to_texture(
      some_buffer,
      image,
      &[vk::BufferImageCopy { .. }],
      vk::ImageLayout::TRANSFER_DST_OPTIMAL
    );
}



#[derive(Resource)]
struct MyTexture {
    image: GPUMutex<Image>,
    state: ResourceState
}

#[derive(Component)]
struct BLASBackBuffer {
    buffer: GPUMutex<Buffer>,
    state: ResourceState
}



fn system(
    render_state: RenderState,
    texture: ResMut<MyTexture>
) {
    render_state.record(|encoder| {
        let image = encoder.lock(&texture.image, vk::PipelineStageFlags2::COPY);
        encoder.use_image_resource(
            image,
            &mut texture.state,
            Access::COPY_WRITE,
            vk::ImageLayout::TRANSFER_DST_OPTIMAL,
            ...);
        
        encoder.copy_buffer_to_texture(
            some_buffer,
            image,
            &[vk::BufferImageCopy { .. }],
            vk::ImageLayout::TRANSFER_DST_OPTIMAL
        );
    });
}



fn system(
    render_state: RenderState,
    texture: ResMut<MyTexture>
) {
    let texture_state: ResourceStateGuard = texture.state.eventually(
        Access::COPY_WRITE,
    );
    render_state.record(|encoder| {
        let image = encoder.lock(&texture.image, vk::PipelineStageFlags2::COPY);
        encoder.use_image_resource(
            image,
            &mut texture_state,
            Access::COPY_WRITE,
            vk::ImageLayout::TRANSFER_DST_OPTIMAL,
            ...);
        
        encoder.copy_buffer_to_texture(
            some_buffer,
            image,
            &[vk::BufferImageCopy { .. }],
            vk::ImageLayout::TRANSFER_DST_OPTIMAL
        );
    });
}



#[derive(Component)]
struct MyTextureArray {
    texture_array: GPUMutex<Image>,
    state: Vec<ResourceState>  // One per array layer
}

#[derive(Component)]
struct MyTextureCollection {
    texture_array: GPUMutex<Vec<Image>>,
    state: ResourceState  // Many images sharing the same state
}



…and other free stuff we get from bevy
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SubmissionSet and RenderSet

‣ SubmissionSet -> vkQueueSubmit
‣ RenderSet -> vkCmdBeginRendering
‣ Systems serialized in a set, share 
command pools, record to the same 
command buffer

‣ Parallel command buffer recording 
between SubmissionSets

‣ Parallel submission between queues
‣ Queues are Resources; may alias

#[derive(SystemSet)]
pub struct PostProcessingSystemSet;

struct MyPlugin;
impl Plugin for MyPlugin {
    fn build(&self, app: &mut App) {
        app.add_submission_set::<ComputeQueue>(

  PostProcessingSystemSet
);

        app.add_systems(PostUpdate, (
            bloom,
            ambient_occlusion,
            lens_flare,
            auto_exposure,
            depth_of_field,
        ).in_set(PostProcessingSystemSet));
    }
}

fn queue_system(queue: ResMut<RenderQueue>) {
    queue.bind_sparse(...);
}



SubmissionSet
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ScheduleBuildPass

prelude_system

submission_system

record(1)
record(2)

record(3)��

�� ��



SubmissionSet
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ScheduleBuildPass

prelude_system

submission_system

record(1)
record(2)

record(3)
SubmissionSet(2)

record(4)
record(5)

record(6)

queue_family_transfer



record(1)

record(2)

record(3)

record(4)

record(5)

record(6)

S
c
h
e
d
u
l
e
r
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Limitations (for now)

‣ Rust coroutine not stable yet; usability issue w.r.t 
lifetimes (#68923)

‣ Need to emulate coroutine with async await
‣ barrier merging within a single system for now





Ergonomic Vulkan with Rust & Bevy: An ECS Look at Synchronization

Pumicite

https://github.com/dust-engine/pumicite

https://github.com/dust-engine/pumicite
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Thank you!


