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1 Problem Definition

Radiance, a proposed open source heterogeneous GPU, is currently under development at the SLICE
lab. A key feature of the GPU is decoupled accelerator orchestration: allowing special purpose units
such as ray tracing cores and matrix multiplication units to be decoupled from the SIMT core, thereby
allowing them to operate asynchronously while freeing up the SIMT cores to handle other instructions.
The Radiance programming model enables programmers to interface with these decoupled accelera-
tors. Radiance is inspired by Vortex [1], a RISC-V open source GP-GPU.

Latency from raytracing at high samples-per-pixel (SPP) is infeasible for real-time applications, and
real-time raytracing is achieved by rendering at very low SPP and denoising the resulting image [2, 3].
ReSTIR GI [4] is a novel method for rendering better images at very low SPP (1 spp), improving the
quality of the denoised image. ReSTIR GI is also supported in Unreal Engine 5[5]. Intel Open Image
Denoise (OIDN) [6] is an open source denoising library, with pre-trained networks.

For the final course project, we aim to create a state of the art end-to-end neural rendering pipeline
as a proof-of-concept for the applicability of our GPU architecture. We will implement a ReSTIR GI
augmented path tracer and denoise the resulting noisy image with OIDN. We will port this pipeline
to both the Vortex RISC-V programming model and the Radiance programming model, and evaluate
the improvements in utilization and performance.

We note that the project is very ambitious and as a result, we will break it down into several
checkpoints. We also highlight that the Radiance functional simulator is currently under development.

2 Goals

The ReSTIR GI implementation requires a substantial rewrite of the path tracer framework. Addition-
ally we will also implement the path tracer on a traditional GPU (CUDA) for correctness reasons. We
note that having advanced BSDF modelling would be great for sampling using MIS (the recommended
method for ReSTIR GI), and that being able to ray trace a stream of images by moving the camera
would help better utilize temporal sampling for ReSTIR GI.

2.1 Must Have
1. ReSTIR GI CPU implementation on top of HW3 Path Tracer infra.

2. ReSTIR GI CPU + OIDN integration and denoised results
3. ReSTIR GI GPU implementation
4. ReSTIR GI Vortex port + image rendered on Vortex functional sim

5. OIDN Vortex port + image denoised on Vortex functional sim

2.2 Stretch Goals
1. ReSTIR GI Radiance port

2. OIDN Radiance port
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3. Advanced BSDF modeling for multiple importance sampling [7]
4. Ray tracing a sequence of images by rotating the camera along one or more axes

5. GLTF support (?). Investigate if GLTF to Collada conversion is possible (example via Blender)

Schedule

1. ReSTIR GI CPU implementation (mostly done).

2. ReSTIR GI + OIDN integration (under development, 3 days)
ReSTIR GI GPU implementation (1 week)

ReSTIR GI Vortex port (~ 1 week)

ODIN Vortex port (~0.5 week)

Stretch goal 1. and 2. (~1.5 - 2 weeks)

N ok W

Stretch goals 3-5 (~1 week, if time permits)

Resources

The primary reference will the be the original ReSTIR GI paper and the OIDN library. No special
hardware or software requirements. We will build the pathtracer on top of the HW3 framework.
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