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FunGT

A really Fun Graphics Tool

e Rendering options
Rasterization using
OpenGL
RaySpace: path tracer
using SYCL

e Physics
o Collisions
e Particle System

File Edit Render
¥ Render Scene
Compute Backend
Device: NVIDIA GeForce RTX
Backend: CUDA

Viewport Preview
Enable RaySpace Preview
32 Preview
renderin
n came
Resolution
HD (1920x1080) ¥ Preset
Resolution: 1920x1080
Aspect Ratio: 1.778
Quality
128 Samples
¥ Scenelight Editor
Type: Point
Point Light
Position
-5.00016.00C 4.000
Color
1.00¢1.00¢ 1.0oc [
Power
200.000
¥ Particle Demos

No par

Vv Viewport
RaySpace: 32/32 sample

Using SYCL on iGPU

¥ Render Info

Running on: Linux

OpenGL Version: 4.6 (Core Profile) Mesa 25.0.7-Oubuntu0.24.04.1
Vendor: Intel

Renderer: Mesa Intel(R) Arc(tm) Graphics (MTL)

Application average 9.858 ms/frame (101.4 FPS)

¥ Material Editor Properties
Diffuse

R:0.901 G:0.813 B:0.129 .
Specular

R:0.800 G:0.800 B:0.800 .

Shininess

Emission
05

Reset to Default

Vertices: 2000
Indices: 11280
Textures: 0

¥ Physics Controls

Transport Controls
Play Pause Stop Reset
Status: STOPPED
Time: 0.00 s
Playback Speed
T0x
0.5x 1.0x 2.0x



FunGT : How does it work ?

e DPC++ compiler built from source:
https://github.com/intel/llvm

e NVCC (for pure cuda backend path tracer)

Example to enable both backends

cmake .. -DFUNGT_USE_SYCL=ON -DFUNGT_USE_CUDA=ON

Full instructions at: https://github.com/FunGTs/FunGT


https://github.com/intel/llvm

SYCL features:

Bindless Images [1]
Runtime Compilation [2]
e SYCL-OpenCL backend

Bindless Images and Runtime Compilation are very recent features

[1] Codeplay Software Ltd., “SYCL Bindless Images — An Introduction,” Feb. 11, 2025. [Online]. Available:
https://codeplay.com/portal/blogs/2025/02/11/sycl-bindless-images

[2] Codeplay Software Ltd., “SYCL Runtime Compilation: A New Way to Specialise Kernels Using C++ Metaprogramming,” Jul. 8, 2025.
[Online]. Available: https://codeplay.com/portal/blogs/2025/07/08/sycl-runtime-compilation



FunGT. Why OpenGL ?

FunGT was design in first place as an OpenGL “game engine”

OpenGL approach:

Use of Compute Shaders for Particle Systems: Simulating
thousands of particles for effects.



SYCL-OpenCL-OpenGL : Why?

Use case:

“Update thousands of particles using a SYCL kernel and display them on screen”
The interoperability between SYCL and OpenGL works, but only via OpenCL backend.

OpenCL-OpenGL interoperability is well known /3.

[3] Scarpino, M. (2011). OpenCL in action: How to accelerate graphics and computations. Manning Publications



SYCL-OpenCL-OpenGL

flib::sycl handler::register queue ("gl queue"
flib
flib
flib: :be end: :OPENCL) ;

flib::sycl handler::create gl interop context ("gl queue");

flib::sycl handler::get device info("gl queue");

FunGT uses funlib an in-house library that handles queue
creations

Full code: github.com/juanchuletas/funlib



SYCL-OpenCL-OpenGL

dler ::create gl interop context (

extensions [2048];
clGetDevicelInfo (clDev,

:string (extensions) .

glxContext,
)glxDisplay,
ies )clPlatform,

int err =

clCtx = clCreateContext (props, 1, &clDev,
if (! clCtx || err != )
\TOW S i

I td::runtime error ("Failed to create OpenCL

1 ::make context <sycl::backend::opencl>(_ clCtx);

For OpenCL Context creation:

Searches for the

cl_khr_gl sharing extension and
creates a sycl context using
sycl::backend::opencl




SYCL-OpenCL-OpenGL : The pipeline

= flib::sy
clcontext = flib:

~mem clbuffer = clCreateFromGLBuffer (clcontext,

syclCtx =

glFinish{() ;

cl event acquire event;
clEnqueueAcquireGLObjects (clqueue,

clWaitForEvents (1, &acquire event);

{

>1e<T>> buf =

:make buffer<syc

Q.submit ([&] (sycl::handler& cgh)

buf.template get

}) i

Q.wait ();

clFinish (clqueue) ;

C release event;
clEnqueueReleaseGLObjects (clqueue,

clWaitForEvents (1, &release event);

(
clReleaseMemObject (clbuffer) ;

d get clLontext()
clqueue = sy 3 get native<s 38

&acquire event);

21e<T>> (clbuffer,

&release event);

The code does three things:

1. Borrow the GL buffer

OpenCL-SYCL.

2. Run a kernel.

3. Give it back to GL




SYCL-OpenCL-OpenGL : The path

OpenGL OpenGL owns VBO

l gIFinish()

OpencL clEnqueueAcquireGLObjects() ‘
Ownership transfer GL — CL

OpenCL OpenCL owns cl_mem
Same GPU memory

sycl::make_buffer()

‘ SYCL owns buffer
Same GPU memory

Kernel runs + Q.wait()

Scope exit: buffer destructs

!

OpenCL clEnqueueReleaseGLObjects()
Ownership transfer CL — GL

glMemoryBarrier()

Never creates copies of the buffer.
Same GPU memory, three different
APIs taking turns owning it
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SYCL-OpenCL-OpenGL : Usage

FunGT uses the interoperability in:

e Particle Simulation

e Physics: Collisions
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SYCL-OpenCL-OpenGL : Physics

Uses a Spatial Subdivision for
the Broad-Phase

Shader Storage Buffer
Objects (SSBOs) to store
matrices

Positions are always on the
GPU
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Runtime Compilation RTC

FunGT has a kernel to update particles using lambdas

update ( numOfParticles, vbo, Func .
update function, T dt) { Works USIng
Q.submit ([&] (sycl::handler& cgh) ({ SYCL-OpenCL_OpenGL
interoperability

acc = buf.template ge
cgh.parallel for(sycl::rec

>(ydim) }),
2> item) {
= index = item[0] * ydim + item[1];

7<n){

update function (acc[index], dt);
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Runtime Compilation RTC

1. Create the behavior

distance = std::sqrt(p.p tion[0]
+ p.position([1]
radi > central f

.veloci
.veloci
.veloci

.velocity i speed * p.poC

.position[0 .velocity[0] * dt;

.position .velocity[1l] * dt;

.velocity[2] * dt;

(fgt::spiralExplosionUpdate)>: :update (

Very verbose

numParticles, m vbo.getId(), fgt::spiralExplosionUpdate, 0.005f);
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Runtime Compilation RTC

This works great when the update function is known at compile time. But what if the user
(or an IA ) wants to write in the GUI at runtime?

Use case: The user types its own C++ code or request to the 1A: “Show me a rain falling down
from the sky”

Here is exactly where sycl::kernel_compiler is useful!
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Runtime Compilation RTC

ParticleRTC: :compileKernel ( std::string& user code, std::string
error msg) {

e Receives the user code
std::string user header = R""" (

struct UserUpdate | e Stores the kernel to use it

void operator () (fgt::Particle<float>& p, float dt) const {
) mmon + usericode + R""" (

) later
}i
)y
sycl source = R"""(
#include <sycl/sycl.hpp>
#include "ParticleSimulation/particle.hpp" // Physical file std::optional<sycl::kernel>
#include "Random/fgt rng.hpp" .
#include "user update.h" // Virtual file compaled bernel =

exec bundle.ext oneapi get kernel (

extern "C" SYCL EXT ONEAPI FUNCTION PROPERTY ( (
sycl::ext::oneapi::experimental::nd range kernel<2>))
void particle rtc kernel (fgt::Particle<float>* particles, int n, int ydim,
float dt) {
auto item = sycl::ext::oneapi::this work item::get nd item<2>();
std::size t index = item.get global id(0) * ydim +
item.get global id(1);

"particle rtc kernel");

if (index < n) {
UserUpdate update;
update (particles[index], dt);

Ny,



Runtime Compilation RTC

From the RTC blog:

SYCL_EXT_ONEAPI_FUNCTION_PROPERTY/((
sycl::ext::oneapi::experimental::nd_range_kernel<2>))
void my_kernel(T *A, int B)
If we need to modify the parameter A, we must use a pointer:

float *A = malloc_shared<float>(N, q);
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Runtime Compilation RTC

But FunGT uses SYCL-OpenCL-OpenGL for particle systems!

First challenge!
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Runtime Compilation RTC

There is no way to use Unified Share Memory under an OpenCL
backend

cl mem clbuffer = clCreateFromGLBuffer(clcontext, , 7 The SOIUt'On
) 7

queue .submit([&] (sycl::handler& cgh) { Use the Clbuﬂ:er dlreCtIy
// USE DIRECTLY THE clBuffer
cgh.set args(clbuffer,

S >(n),

< >(ydim), dt);
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Runtime Compilation RTC

Natural language prompt
"rain falling from the sky"

l

Gemini API
gemini-2.5-flash

|

Codegen Generated C++ code

!

User review / edit
ImGui text editors

!

Source SYCL kernel source string
Using code from codegen

!

Compile sycl::kernel_compiler extension

!

Execute GPU execution
Particles update on device

System prompt

Parse INIT/UPDATE

Optional modification

Runtime compile

The LLM doesn't generate SYCL code. It
generates just the update body:

p.position[0] += p.velocity[0] * dt;
p.position[l] += p.velocity[l] * dt;
p.position[2] += p.velocity[2] * dt;



Runtime Compilation RTC

Vv Viewport ¥ Particle RTC Editor X
Describe the effect:

rain falling down, when particles go below y=-5r
eset y position to 20 and keep falling,
no randomization on respawn

Generate from Prompt

w Particle RTC Editor Runtime Kernel Compiler

Describe the effect e generated! Review and compile
rain falling down, when particles go below y=-5r (LI
Lambda: (Particle& p, int index)

fungt:RNG rng(index, 0);

p.position[0] = -10.0f + rng.nextFloat01() * 20.0f;
p.position[1] = 0.0f + rng.nextFloat01() * 20.0f;
p.position[2] = -10.0f + rng.nextFloat01() * 20.0f;
p.velocity[0] = 0.0f;

p.velocity[1] = -5.0f; // Constant downward velocity

eset y position to 20 and keep falling,
no randomization on respawn

Update Code:

Lambda: (Particle& p, float dt)
p.position[0] += p.velocity[0] * dt;
p.position[1] += p.velocity[1] * dt;
p.position[2] += p.velocity[2] * dt;

if (p.position[1] < -5.0f) {
p.position[1] = 20.0f; / Reset y position to 20

Compile & Run

¥ Physics Controls

Transport Controls

Play Pause Stop




Runtime Compilation RTC

¥ Viewport

Runtime Kernel Compiler

St J le generate
Initialization Code
Lambda: (Particle& p, int index)

fungt::RNG rng(index, 0);

p.position[0] = -10.0f + rng.nextFloat01() * 20.0f;
p.position[1] = 0.0f + rng.nextFloat01() * 20.0f;
p.position[2] = -10.0f + rng.nextFloat01() * 20.0f;
p.velocity[0] = 0.0f;
] =

p.velocity[1] = -5.0f; // Constant downward velocity

Update Code

Lambda: (Particle& p, float dt)
p.position[0] += p.velocity[0] * dt;
p.position[1] += p.velocity[1] * dt;
p.position[2] += p.velocity[2] * dt;

if (p.position[1] < -5.0f) {
p.position[1] = 20.0f; / Reset y position to 20

¥ Particle RTC Editor X
Describe the effect
rain falling down, when particles go below y=-5r

eset y position to 20 and keep falling,
no randomization on respawn

Generate from Prompt

Runtime Kernel Compiler

Status: Code generated! Review and compile
Initialization Code:

Lambda: (Particle& p, int index)

fungt::RNG rng(index, 0);

p.position[0] = -10.0f + rng.nextFloat01() * 20.0f;
p.position[1] = 0.0f + rng.nextFloat01() * 20.0f;
p.position[2] = -10.0f + rng.nextFloat01() * 20.0f;
p.velocity[0] = 0.0f;

p.velocity[1] = -5.0f; // Constant downward velocity
Update Code:

Lambda: (Particle& p, float dt)

p.position[0] += p.velocity[0] * dt;

p.position[1] += p.velocity[1] * dt;

p.position[2] += p.velocity[2] * dt;

if (p.position[1] < -5.0f) {
p.position[1] = 20.0f; // Reset y position to 20

Compile & Run

¥ Physics Controls
Transport Controls

Play Pause Stop




Runtime Compilation RTC

¥ Viewport

¥ Particle RTC Editor X
Describe the effect:

rain falling down, when particles go below y=-5r
eset y position to 20 and keep falling,

no randomization on respawn

Generate from Prompt

Runtime Kernel Compiler

Status: Compilation successful!

Initialization Code:

Lambda: (Particle& p, int index)

fungt::RNG rng(index, 0);

p.position[0] = -10.0f + rng.nextFloat01() * 20.0f;
p.position[1] = 0.0f + rng.nextFloat01() * 20.0f;
p.position[2] = -10.0f + rng.nextFloat01() * 20.0f;
p.velocity[0] = 0.0f;

p.velocity[1] = -5.0f; // Constant downward velocity
Update Code:

Lambda: (Particle& p, float dt)

p.position[0] += p.velocity[0] * dt;

p.position[1] += p.velocity[1] * dt;

p.position[2] += p.velocity[2] * dt;

if (p.position[1] < -5.0f) {
p.position[1] = 20.0f; / Reset y position to 20

Compile & Run

' ¥ Physics Controls

Transport Controls

Play Pause Stop




SYCL Bindless images : Path tracer

File Edit Render
¥ Render Scene

Compute Backend

Usin:
Device: NVIDIA GeForce RTX 4(

Backend: CUDA

Viewport Preview
Enable RaySpace Preview
Preview S

sets w .

Resolution
HD (1920x1080) ¥ Preset
Resolution: 1920x1080
Aspect Ratio: 1.778

Quality

307 Samples

Scene Info
Objects in scene: 7
Camera: (25.0,13.9, 28.0)

Render Image

¥ ScenelLight Editor
Remove Selected
Type: Point

Point Light

Position

0.000 16.00€ 0.000
Color

1.00¢1.00¢ 1.0oc [l
Power

200.000

samples

RaySpace GPUs supported

Model: Model 1

Mesh: Glass

Material: Gla:

e NVIDIA

R1000 G1000 8:1000 [}

Diffuse
R0915 G0741 80109 [} O CU /\

Specular

- ——— o SYCL-CUDA
R backend

Reset to Default

Vertices: 2000 . I I te |

Indices: 11280
Textures: 0

o SYCL

¥ Physics Controls
Transport Controls
Play Pause Stop Reset

Status: STOPPE
Time: 0.00 s

Playback Speed

Path tracer viewport works
with iIGPU by default

Radius ¥ Render Info

0.100 Running on: Linux
OpenGL Version: 4.6 (Core Profile) Mesa 25.0.7-0ubuntu0.24.04.1
Vendor: Intel
Renderer: Mesa Intel(R) Arc(tm) Graphics (MTL)
Application average 11.182 ms/frame (89.4 FPS)

Render engine: RaySpace on Intel Arc iGPU with 32 default samples

¥ Particle Demos




SYCL Bindless images : Path tracer

File Edit Render

¥ Render Scene ¥ Viewport
Compute Backend U 3 Model: Model 1

Device: NVIDIA GeForce RTX 4t

Mesh: Glass
Backend: CUDA

Material
Ambient

R:1.000  G:1.000
Diffuse

R0915 G:0.741

Viewport Preview
Enable RaySpace Preview
Frevews Specular
e e p RO800  G:0.800
Resolution < Shininess
HD (1920x1080) ¥ Preset
Resolution: 1920x1080
Aspect Ratio: 1.778

Emission
0.4
Quality

¥ Material Editor Properties

s:1000 [}
80100 [}
80800 [}

Reset to Default

307 Samples

Vertices: 2000
Indices: 11280
Objects in scene: 7 Textures: 0

Scene Info

Camera: (25.0, 13.9, 28.0) Materials: 1

Render Image ¥ Physics Controls
Transport Controls

Play Pause  Stop
¥ ScenelLight Editor Status:

Remove Selected Time: 0.00 s

Type: Point Playback Speed

Point Light flox

Position 05x 1.0x 2.0x

0.000 16.00€ 0.000
Color
1.00¢1.00¢ 1.0oc [l
Power
200.000
Radius ¥ Render Info
0.100 Running on: Linux
- OpenGL Version: 4.6 (Core Profile) Mesa 25.0.7-Oubuntu0.24.04.1
v Particle Demos
Vendor: Intel
Renderer: Mesa Intel(R) Arc{tm) Graphics (MTL)
Application average 11.182 ms/frame (89.4 FPS)

Render engine: RaySpace on Intel Arc iGPU with 32 default samples

Reset

Uses BVH (Bounding
Volume Hierarchy

Emissive triangles
support




SYCL Bindless images : Path tracer

CUDA Renderer : IComputeRenderer { CU DA FIrSt VerSIOn Of the
cudaTextureObject t* m textureObj= ; path tracer
m numTextures = 0;

//More code of the class L USGS the
cudaTextureObject _t

SYCL Renderer : IComputeRenderer { E;\/C:L:
e Uses the sycl

sycl::ext::oneapi::experimental::sampled image handle* . .
m textureHandles — ; bindless images

m numTextures = 0;

sycl::queue m_gqueue;
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SYCL Bindless images : Path tracer

| "Zero code changes
SYCL kernel source between |nte| and

/\ | NVIDIA"
ero code changes The same SYCL

Level Zero backend SYCL-CUDA backend kernel with bindless

runs on both
backends

l l images compiles and

Intel Arc NVIDIA RTX




SYCL Bindless images: What is missing?

sycl::image_channel_type has no sRGB. The hardware texture unit never
applies gamma decode.
Manual decode in the kernel

texColor.x = powf(texColor.x, 2.2f);
texColor.y = powf(texColor.y, 2.2f);
texColor.z = powf(texColor.z, 2.2f);
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FunGT. Hardware Support

Feature Intel Arc RTX (SYCL-CUDA)
GL interop OpenCL backend Not tested
Bindless images

kernel_compiler Not tested

SYCL-CUDA-OpenGL backend is under development




FunGT: Future Work

e SYCL-CUDA-OpenGL interop
o Particle simulations and physics on NVIDIA via CUDA backend
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FunGT: Future Work

e FunGT-dialect (MLIR IR) for particle systems

o Safe code generation for LLM-generated GPU kernels

https://github.com/FunGTs/fungt-dialect

p.velocity[2] += -9.8f * dft;

p.position[0] += p.velocity[0] * dt;
p.position[1] += p.velocity[1] * dt;
p.position[2] += p.velocity[2] * dt;

=)

update rain:
gravity =-9.8
vel_z =+ gravity * dt
pos x =+ vel x*dt
pos_y =+vel y*dt
pos z=+vel z*dt

FunGT-dialect
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FunGT: Future Work

e ReSTIR (Reservoir-based Spatiotemporal Importance Resampling)

o Temporal sample reuse for interactive path tracing preview
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FunGT: Contact

Juan Garcia

Email: juan.garcia.cpp@gmail.com

FunGT repo: https://github.com/FunGTs/FunGT
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Questions ?




