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Rendering Multiple Views
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Stereo Rendering for VR

Visibility Algorithms
(e.g. Creation of a Potentially Visible Set)

Shadow Maps
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Different Graphics 
Pipeline Configurations

How about using brute-force?



How About Just Using Multiple Passes?
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Changed Framebuffer Layout
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“Multi-Pass with a large, partitioned framebuffer”



Performance difference between                 and
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Relative frame times (in milliseconds):



Performance Difference Between                 and
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The Journey of the Triangles
“Geometry Amplification”



The Journey of the Triangles
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The Journey of the Triangles
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Moving the Loop into the Geometry Shader
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Moving the Loop into the Geometry Shader
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“Geometry Shader Amplification”



Replacing the Loop with Instancing
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“Geometry Shader Instancing”



N ∈ {2, 4}

Performance:                            –
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Performance:                            –

Johannes Unterguggenberger | EGPGV 2020 15

NVIDIA
GTX 980

NVIDIA
GTX 1060

NVIDIA
GTX 1650

SUPER

NVIDIA
RTX 2080

NVIDIA
RTX 2080 Ti

AMD
RX 580

AMD
R9 380

N ∈ {16, 32}

faster by 
-x ms

faster by 
x ms



Performance:                            /  
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Performance of 

w.r.t.
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Different Configurations

6+2 different GPUs: 
2 AMD: GCN 3 (R9 380), GCN 4 (RX 580)
6 NVIDIA: Kepler (GTX 780), Maxwell (GTX 980), Pascal (GTX 1060), Turing (GTX 1650 SUPER, RTX 2080, RTX 2080 Ti)

6 scenes

Different scene-geometry divisions => varying number of draw calls 
Ranging from ~50 to ~1000 draw calls per view/per set of views; depending on scene and view position

4 view configs: 2x1, 2x2, 4x4, 8x4

3 resolutions: 800x600, 1920x1080, 1440x1600

Light/heavy vertex shader load

Additional fragment shader load (G-Buffer rendering)

With a lot/almost no overlap between views (latter: shadows maps)
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Hardware-Accelerated
Multi-View Rendering

OVR_multiview



Recap: Geometry Shader Instancing
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Pipeline for Hardware-Accelerated Multi-View Rendering
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“Hardware-Accelerated Multi-View” or “OVR Multi-View” (Oculus VR)
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“Hardware-Accelerated Multi-View” or “OVR Multi-View” (Oculus VR)

Pipeline for Hardware-Accelerated Multi-View Rendering

To improve efficiency, the NVIDIA 
compiler analyzes the input shader and 
produce a compiled output that executes 
view independent code once, with the
result shared across all output views, 
while view dependent attributes are 
necessarily computed once per output 
view.

NVIDIA, TURING GPU ARCHITECTURE



Performance:                            /  

Performance of 

w.r.t.
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Performance:                            /  

Performance of 
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Performance:                            /  

Performance of 

w.r.t.
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Hardware Acceleration Support
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How many views can actually 
be hardware-accelerated with 

ONE draw call?
Turing hardware supports up to four 
views per pass, and up to 32 views 
are supported at the API level.

NVIDIA, TURING GPU ARCHITECTURE

With Pascal’s SMP engine, which 
supports two separate projection 
centers, the GPU can render the two 
stereo projections directly in a single 
rendering pass.

NVIDIA, GeForce GTX 1080 Whitepaper



Hardware-Acceleration for ALL Views per Draw-Call
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Performance:                            /  

Performance of 

w.r.t.
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Performance of 
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Optimizing Geometry-Shader-
Based Pipeline Variants
Culling, and Smaller Batches of Views



Recap: Geometry Shader Instancing
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Geometry Shader Instancing OPTIMIZED
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Geometry Shader Instancing OPTIMIZED
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Performance w.r.t.

Performance 
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Performance Trends
from 8.9 million measurements
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N ∈ {16, 32}

Large scenes only
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Performance w.r.t.
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Large scenes only

Turing only
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Performance w.r.t.

Performance 
w.r.t.

N ∈ {16, 32}

Large scenes only

Maxwell and Pascal
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Performance w.r.t.
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Performance w.r.t.
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↑ Fragment Load 
(G-Buffer Renderng)



Viewport Discrepancy

Lots of shared vertices for similar views

What about incoherent view frusta? (e.g. shadow mapping)
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Performance w.r.t.
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w.r.t.
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N ∈ {16, 32}

Large Scenes Only

Incoherent Frusta
„Shadow Mapping“
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Performance w.r.t.

N ∈ {16, 32}
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Conclusion

Different Pipeline Variants

The Journey of the Triangles

Hardware-Accelerated Multi-View Rendering

Optimizing Geometry-Shader-Based Pipeline Variants

Performance Trends
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vs.
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