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How can we efficiently run 3DGS on a GPU?



3D Gaussian Splatting on a GPU
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3D Gaussian Splatting on a GPU
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* General-purpose computing
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3D Gaussian Splatting on a GPU
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Extend the existing hardware graphics pipeline

for volume rendering (e.g., 3DGS)



Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Hardware Graphics Pipeline
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Outline
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Limitations of Graphics Hardware

Mesh-based Rendering
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Limitations of Graphics Hardware
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Limitations of Graphics Hardware
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Limitations of Graphics Hardware
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Limitations of Graphics Hardware
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Limitations of Graphics Hardware

-

\_

Observation 1

Many fragments are
unnecessarily
shaded and blended

~

Raster Engine

J

¥

Add hardware support
for early termination

= Hardware-Based

Early Termination (HET)

10



Limitations of Graphics Hardware
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Limitations of Graphics Hardware
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Limitations of Graphics Hardware
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VR-Pipe: GPU Extension for Volume Rendering
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Hardware-Based Early Termination
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Hardware-Based Early Termination
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Hardware-Based Early Termination
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Hardware-Based Early Termination
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Hardware-Based Early Termination
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Quad Merging: Challenge
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Quad Merging: Challenge
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Quad Merging: Challenge
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Quad Merging
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Quad Merging
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Experimental Setup

Performance Evaluation
 Emerald (ISCA' 19)

» Cycle-level simulator w/ graphics
hardware modeling based on
GPGPU-sim and gems

« With extensive modifications based
on our analysis

Workloads

* Mip-NeRF 360: Kitchen, Bonsal
« Tanks & Temples: Train, Truck
» Synthetic-NeRF: Lego

« Synthetic-NSVF: Palace

Baseline GPU Configuration

# GPC 1
10
#SMs (1024 CUDA Cores)
Core Frequency 612 MHz

L1D/T 48KB, 128B line

Shared L2 AMB, 128B line
(sectored)

ROP Cache 16KB, 128B line
(sectored)

ROP Throughput 2 quads/cycle
9nb (RGBA16F)

DRAM LPDDR3-1600

(16-channel)
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Performance [QM: Quad Merging ]

HET. Hardware-based Early Termination

B Baselne mQM OHET OHET+QM

3 2.78x |
o (278X - [2.07x]
D)
S 2
D
D
7 i ‘

O

Kitchen  Bonsai Train Truck Lego Palace Geomean

VR-Pipe greatly improves rendering performance
With minimal hardware overhead in a GPU
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Source of Performance Gain

Reduction in the Number of Fragments
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VR-Pipe significantly reduces the number of fragments
blended by ROP
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More Details in Our Paper

» Analysis on Real Graphics Hardware

e Limitations of SW-based
Optimizations

« Hardware Implementation Cost
* Details of Proposed Microarchitecture
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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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Thank You!

B Em e == == === K —————
VR- PI pe VPO Pre-ROP @A_N SM Loy
' ' Quad V] M
Streamlining Hardware =
' ' ' Coalescing Unit o
Graphics Pipeline for T S s e e
' Rasterizer
Volume Rendering T . A leache
| Coarse Raster | .
== | [00-L
. | Fine gaster | P Tile ? SM T
Junseo Lee (junseo.lee@snu.ac.kr) Coalesding Untt ] - iy

HPCA'25 | March 2025 25



	Slide 1: VR-Pipe Streamlining Hardware Graphics Pipeline for Volume Rendering
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76

