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High efficiency \ &
Flexible / Orthogonal '
Robust performance

Validated in industry

Avalanche (Just Cause 3)

Playground Games (Forza Horizon 2)

Red Barrels Games (Outlast Il)

Intel (Demo/Presentation [Fauconneau141)

AMD (Presentation [Thomas15]) "
W ide platform support OUJLAST
— Discrete / Mobile GPU
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A So why are we giving a course centerecchustered shading?

A The reason is that i technique with many good properties

A and one that is gaining acceptance and support in the industry.
A There are at leas?2 shipped AAAitles andmore on theway



Introduction to Real-Time Shading with Many Lights

Ola Olsson
EfficientShading.com
&
University of Queensland




Talk Outline

* Problem Definition
— What, exactly, are you talking about!?!
» Chapter 1: 'Ancient’ Shading Techniques

— Part 1: Forward Shading
— Part 2: Deferred Shading
« Chapter 2: ‘Modern’ Shading Techniques
— Part 1: Tiled Deferred/Forward Shading
— Part 2: Clustered Deferred/Forward Shading
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More Lights Please!
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Photon Splatting (Yao et al. 2010)
739k photons
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More Lights Please!
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Problem Definition

» Real-time shading algorithms
— Thousands of lights
— Limited range light
— Fully dynamic
* Lights and Geometry

Influence =1
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A The algorithms we are going to talk about are relevant when we target hundreds
or thousands of lights in real time,

A And in a way you coulshy that the end goal is to make the number a issue.
<click>

A The lights we consider hagelimited range, with some falloff which goes to 0 at
the boundary.

A This means that lights are nphysical, but this is (still) the normal procedure in
games. <click>

A We also do not consider shadows, which is covered later in the course.

A There is no pre&eomputation so all geometry and lights are allowed to change
freely from frame to frame.



Light Assignment — Not Shading!

* Question:
— Which lights affect what shading point.
» 2M pixels X 1k lights = enough
* Goals:

— Minimize number of lights / pixel
— High performance
+ Solution:
— Light Assignment
— (Light Culling)
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A Despitethe name of all the techniques in this course, it is not actually about
shading at all!

A This is a name we have inherited from forward shading / deferred shading etc.

A In reality the course is about working out which lights are relevant for shading each
point of interest.

A with millions of sample points (pixels) and thousands of lights

A Doing this with high performance becomes sufficiently complex to be an
interesting problem.
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Ancient Shading Techniques

TRADITIONAL FORWARD
SHADING
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AThe traditional method for reaime shading is called forward shading and used to
be the only method during the first decade, or so, of consumer GPUs.

A 1tis still dominant on mobile hardware.

Ain this technique, there is only a single pass over the geometry drawing into a frame
buffer accumulating the final image.

AGeometry is rasterized, shading is performed and the frame buffer is updated.
Ashading is performed in the fragmestiaders (Or indeed, in verteshader 0
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Forward Shading

* Which lights to use?
— Gather before draw call.

« Want minimal set of lights.
— Small batches.

« Want quick drawing
— Few batches!
» Large batches.

— Lower GPU/API overhead.
— Fewer material changes.
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A Thus, we need to round up the set of relevant lights before each draw call.
A and assign lights per chunk/batch of primitives.

A To minimize number of lights, we want to make sure a batch is small,
geometrically.

A But to draw fast, keep the GPU busy and avoid API overhear, we want large
batches.
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A This is a fundamental conflict, where the best we can manage is a compromise.
But it is a difficult one to strike.
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A Now, this conflict runs deeper than simply batch size.

A The basic problem is that we have to assign lights based on the size of geometry
chunks.

A Therefore, on the one hand, we might have a situation with a few large objects,
and many small lights
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