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you'll end up in the same place
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WebGL 3D Geometry

Where it all started... 
How to Fold a Julia Fractal (2013)

"How do I draw a f😿ing line???"
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Live = alt-React

• Incremental 
Avoid redundant recomputation

• Reactive 
Dispatch and data flow is implicit and 1-way

• Declarative 
Side-effects are auto-mounted and disposed

Needed to manage the shader bureaucracy

React clone
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Compose line shader

with dynamic mesh

Dual contouring

with compute shader
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with live textures

Inspector itself

is just HTML



Trouble in paradise
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GPU Dispatch

fn ( a, b, c, d )

• Allocate GPU memory

• Upload data

• Compile shader 

• Dispatch

• Await

Every time you split a dispatch into 2,

you need more glue.
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3 4 1 3 2 5 7 8 2 3
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…

Threads (N > 1,000,000)

Memory bandwidth is the main bottleneck
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fn

a

b

c

d
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3 4 1 3 2 5 7 8 2 3

XYZ

…

Threads (N > 1,000,000)

1 to 1

Repeat 0           1           2           3           4           0           1           2           3           4          

Constant

Lookup 0           1           1           1           1           2           2           2           2           2          

  Vertex            array[i]

       Instanced            array[i % n]

                       Indexed            array[lookup[i]]

Uniform            array[0]  

Completely different types and APIs for each on both CPU and GPU 🤬

+   Storage            bigArray[randomAccess]  

 +   Restrictions on control flow and grouping 🫠

[i / n]

Problem #1

Spread Policies

Batch everything

No, not like that

Ok
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fn ( input: Texture, output: Texture )

Pipeline Dispatch

Map every pixel 1-to-1 No spread



fn ( input: Texture, vertices: T[ ], output: Target )

Bind Group 1

Sampler Binding

Binding #1

Bind Group 0

Resource Binding

Binding #0

Color Attachment

Render Pass

Pipeline

Vertex Shader

Fragment Shader

Vertex Buffer Color State
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Command

Encoder

The calling convention is

a big nested data structure

(Shader<T, U, V>) & (Pipeline<S, T, U, V>)

& (Targets & Uniforms & Vertices)

Problem #2

Minimum

binding size 😭

Renderable formats

😡
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Spread Policies
Problem #1

Pipeline Dispatch
Problem #2

Uber-shaders

Meshlets
Nanite

We can't fix this

We can fix this
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"How do I compose shaders?"@use-gpu/shader

Shader linker with

module system in WGSL

Shader imports 
in TypeScript

Bind args by handle,

reference or lambda

array[i] @link fn getValue(i)
Turn inputs into getters

Closures

Can also bind by name: bindBundle
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Funcs, types, variables

{ symbol as symbol, ... }

Rust-like use syntax



Recursive exports
Funcs, types, variables

{ symbol as symbol, ... }

Rust-like use syntax



Output
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Modules concatenated with prefix

All global symbols renamed

+ optional minify

Output
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Root Shader (Solid Vertex)
Thin wrapper around


a getVertex(…)

Optional color space 
conversion
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Thin wrapper around
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More attributes
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Root Shader (Picking Vertex)
Thin wrapper around


a getVertex(…)

Permutations 😔

Hints at Entity-Component style?

Different attributes

Picking info

via getPicking(v.index)

eg. UI Shader for SDFs

Needs matching @fragment
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Dynamic Linking - Direct (Read/Write)

Linked directly to binding
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Polymorphic accessors

Dynamic Linking - Indirect

- Constant

- Storage array

- Texture

- Closure

Function to function
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Auto-generated bindings

Auto-generated accessors
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Auto-generated uniforms

Auto-generated accessors

Two bind groups:

static vs volatile

Other 2 for custom use
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Type Inference (1 way)

Infer type T from

linked function argument

Function is generic

over surface type

Or return type T

Duck typing

= valid if it compiles ☑
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Type Inference (1 way)

Type inferred from here

Shadow sampler is

injected and optional

Lighting independent

of material
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Call 'vertex shader' 3 times in vertex shader

Wireframe Decorator
Wrapper around

a getVertex(…)

Operate on indices

Re-use line join logic

Any sub-type of

SolidVertex works 🤷


(by accident... type is not mentioned)

Is a getVertex(…)

Adjusted vertexCount / 
instanceCount on CPU
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Compute Shader Wireframe

Compute new

vertex & instance count

Set instanceSize

getInstanceSize lambda

Storage bound @ [64]

Convert triangle draw

to line draw
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Constants = 'Feature Flags'
GLSL #define equivalent


= injected as global const

when binding any module 

 

Hoisted to top

Const condition,

should be optimized away?

Not scoped, but too convenient not to have 🤷

Nobody fully 'owns' 
pipeline flags, e.g. 

- culling mode (CW vs CCW)

- dither or premultiplied alpha 

- per-pixel / SDF scissor


Spoiler: WebGPU cubemaps

are backwards
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Point-free Style

Can do vec# auto-casts

and extended swizzles.

Function chaining

with ...rest.

op(bundle, bundle)  in TS
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Attributes: Quads

8 storage buffers max?

Any attribute can be

uniform or per-element

Default value = fn body

Is a getVertex(…)

1 file = 1 interface

Could potentially be replaced

with 1 struct but what about 

defaults and spread?
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Aggregation 8 storage buffers max Group by spread policy

Data driven schema

Plural vs singular convention

Polyfill i/u 8/16 and unwelded attributes

Ref = volatile value
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Aggregation 8 storage buffers max Group by spread policy

Per vertex



Aggregation 8 storage buffers max Group by spread policy

Per vertex

Per instance



Aggregation 8 storage buffers max Group by spread policy



Aggregation 8 storage buffers max Group by spread policy

One storage buffer per spread policy



Aggregation 8 storage buffers max Group by spread policy

N attributesOne storage buffer per spread policy



Aggregation 8 storage buffers max Group by spread policy

N attributes

Copy data into aggregated binary buffers

One storage buffer per spread policy
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Replicate per-instance semantics in code

Remapping indices = make hardware obsolete


* It's not actually hardware IRL anyway


Explode into accessor

functions
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Aggregation 8 storage buffers max Group by spread policy

Polyfill i8 as array<u32>
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Compute Orchestration
getShader =


non-reactive useShader

Compute dispatch

added to WebGPU queue

Similar for

use(DrawCall, {...})

The entire dispatch is 
prepared in one


big useMemo(…)

use(Foo) = <Foo />
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- code: "..."
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ParsedBundle

- module: {...}

- entry?: "..."

- libs: {...}

- links: {...}


Symbol Table +

Sparse AST + Tree shaking

Code = source of truth
Module + Libs + Links


(recursive)

Linking is lazy

Bind is cheapName = bundler path

Or inline wgsl`...`
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ParsedModule

- name: "..."

- code: "..."

- entry?: "..."

- table: {...}

- tree: {...}

- shake: {...}

- hash: 0x1234

- key?: 0x5678

ParsedBundle

- module: {...}

- entry?: "..."

- libs: {...}

- links: {...}

- hash: 0xabcd

- key?: 0xfecb

Bind data = change key

Structural hash


+ instance key

Bind code = change hash

Change entry point

= change hash, not key

Unbound hash = key

string
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Virtual Module

string = lazy VirtualTable

- render: (namespace, ...) => string


- uniforms?: DataBinding<T>[],

- storages?: DataBinding<T>[],

- textures?: DataBinding<T>[], 

- bindingBase?: number,

- volatileBase?: number,

- namespace?: string,

Render

template

Data

bindings

Resolved

bindings


at link-time
For a vertex & fragment pairWith per-stage visibility

...and PipelineLayout

...with minimum binding size
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- buffer: GPUBuffer,

- byteOffset?: number,

- byteLength?: number,

- version: number,


- format: UniformFormat,

- type?: ParsedBundle,


- length: number,

- size: VectorLike,


- bounds?: DataBounds,

- colorSpace?: ColorSpace,


- readWrite?: boolean,

- volatile?: number,


Format & Size

(may be < allocated)

Bounds for positions

ColorSpace for colors

Read/write access

GPUBuffer is not 
introspectable
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Data Binding
Texture Source

- texture: GPUTexture,

- view?: GPUTextureView, // or default

- sampler: GPUSampler | 

GPUSamplerDescriptor | null,

- version: number,


- layout: string, // eg. 'texture_2d'

- format: GPUTextureFormat,

- size: VectorLike,


- mips?: number,

- variant?: string, // eg. 'textureSample'

- colorSpace?: ColorSpace,

- absolute?: boolean,

- comparison?: boolean,

- aspect?: GPUTextureAspect,

- volatile?: number,

Type & Size

MIPs &

sampler variant()

Absolute UVs

Depth comparison


Stencil aspect

Texture(View) may be

paired with Sampler
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Target + History

Render / Storage / Texture Target

- ...


- history: T[]

- swap: () => void 

- volatile: N

Imperative swap

on dispatch

Volatile bind group cycle

= lcm(...volatiles)

N cyclic buffers

Access is relative

Also resizable atlas:

absolute: true


volatile: 1
Mini-LRU eviction


