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How can we efficiently run 3DGS on a GPU?



3D Gaussian Splatting on a GPU

3

Raster Engine

TPC

SM

SM

SM

SM

SM

SM

TPC TPC

⋯

GPC

ROP ⋯ ROP ⋯

S
h

ar
ed

 L
2 

C
ac

h
e

V
R

A
M⋯



3D Gaussian Splatting on a GPU

3

Raster Engine

TPC

SM

SM

SM

SM

SM

SM

TPC TPC

⋯

GPC

ROP ⋯ ROP ⋯

① SW-based rendering
• Use only SMs

• General-purpose computing 
frameworks (e.g., CUDA, OpenCL)

S
h

ar
ed

 L
2 

C
ac

h
e

V
R

A
M⋯①

SM

SM

SM

SM

SM

SM

⋯



3D Gaussian Splatting on a GPU

3

Raster Engine

TPC

SM

SM

SM

SM

SM

SM

TPC TPC

⋯

GPC

ROP ⋯ ROP ⋯

① SW-based rendering
• Use only SMs

• General-purpose computing 
frameworks (e.g., CUDA, OpenCL)

② HW-based rendering
• Use graphics-specific

fixed-function units w/ SMs
= hardware graphics pipeline

• Graphics APIs
(e.g., OpenGL, Vulkan)

S
h

ar
ed

 L
2 

C
ac

h
e

V
R

A
M⋯

Raster Engine

ROP ⋯ ROP ⋯

②

SM

SM

SM

SM

SM

SM

⋯



Goal of Our Work

4

StopThePop [SIGGRAPH’24]

FlashGS [arXiv’24]

GSCore [ASPLOS’24]

MetaSapiens [ASPLOS’25]

Specialized AcceleratorsCUDA Optimizations



Goal of Our Work

4

StopThePop [SIGGRAPH’24]

FlashGS [arXiv’24]

GSCore [ASPLOS’24]

MetaSapiens [ASPLOS’25]
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Our Work
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Experimental Setup
Performance Evaluation
• Emerald (ISCA’ 19)

• Cycle-level simulator w/ graphics 
hardware modeling based on 
GPGPU-sim and gem5

• With extensive modifications based 
on our analysis

Workloads
• Mip-NeRF 360: Kitchen, Bonsai
• Tanks & Temples: Train, Truck
• Synthetic-NeRF: Lego
• Synthetic-NSVF: Palace

20

Baseline GPU Configuration
# GPC 1

# SMs
16

(1024 CUDA Cores)

Core Frequency 612 MHz

L1D/T 48KB, 128B line

Shared L2
4MB, 128B line 

(sectored)

ROP Cache
16KB, 128B line

(sectored)

ROP Throughput
2 quads/cycle

(RGBA16F)

DRAM
LPDDR3-1600
(16-channel)
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Source of Performance Gain
Reduction in the Number of Fragments
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More Details in Our Paper
• Analysis on Real Graphics Hardware

• Limitations of SW-based 
Optimizations

• Hardware Implementation Cost
• Details of Proposed Microarchitecture
• Others…
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Conclusion
Problem
• High ROP pressure for blending a number of fragments per pixel

• Lack of native hardware support for early termination

Solution: VR-Pipe, a GPU hardware extension for volume rendering
• Hardware-based early termination to early-discard the fragments

• Quad merging with multi-granular tile binning to exploit underutilized SMs

Result
• VR-Pipe achieves up to a 2.78x speedup over the conventional graphics 

pipeline with mininal hardware overhead! ☺
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VR-Pipe
Streamlining Hardware 
Graphics Pipeline for
Volume Rendering

Junseo Lee (junseo.lee@snu.ac.kr)

Thank You!
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