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A The firstpart then is going to be presented by me.

A Inthis part we will provide an overview of techniques that have been, and still are,
used in reatime shading.

A The main focus will be on clustered shading, as this is the most advanced and
efficient technique today.
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More Lights Please! SReNTeN

» Global lllumination
» Virtual Point Lights
» Photon Splatting

» Complex Lights

» Area / Volume

Photon Splatting (Yao et al. 2010)
739k photons
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A So.Whilel think that you, being a quite advanced audience, have fairly concrete
ideas on what many lights can be used for.

ALQft 3IAGS a2YS AftftdzAGONIGA2y a (2 (GKAyS3
like these.

A To the right here we see an image generated using Photon Splatting to visualize
the results of global light transport.

A With enough lights, these kind of techniques become possible.
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More Lights Please! I Snzien

» Artistic Freedom
» Lighting design.

Need For Speed: The Run, ~2600 lights [1]
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A More artistic renderings.

A This scene fromleed For Speed: The Run, contains around 2600 lights

A In movies (animated and otherwise), lots of lights are used to achieve a particular
aesthetic.

A This is increasingly going to be the case for games too.

A A benefit to using lights to represent scene illumination, as opposed to baking, is
that dynamic geometry is affected
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More Lights Please! SReNTeN

» Dynamic Lights
» Explosions.
» Particle Effects.
» Headlights.
» Torches.
» Lasers.
» And so on...
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Starcraft 2 [Bli
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A In games there are a practically limitless number of things that could emit light,
A if we had an efficient way to compute their contributions.

ALGQa alr¥sS G2 areée GKIFIG OdzZNNByd 3IFySa
A In thestarcraftexample, there is apparently only a single light <click>.

A However all the muzzle flashes are only additive billboards.
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Talk Outline PN Sienzen

> Forward Shading
> Lights and geometry batched together.
Deferred Shading
> Decouples lights from geometry.
Tiled Deferred/Forward Shading
» Removes bandwidth bottleneck.
> Clustered Deferred/Forward Shading

» Better robustness, scaling,
transparency, MSAA.

CHALMERS
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A Our historical and architectural feap starts with traditional forward shading,

which was predominant until not so long ago.
A And still is in the mobile space.

A Next we look at deferred shading, which was the first widespread technique to
bring many lights to games.

A Then we will discuss tiled deferred shading which has seen adoption in many
modern highend games.

A More recently Clustered shading further improves efficiency and scalability over
tiled shading.

A2S gAatt faz2 RA&aOdzaa FT2NBINR akKlIRAy3:

A which allows the use of transparency and MSAA, while retaining much of the
gooodneswith deferred techniques.
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Problem Definition | g

» Real-time shading algorithm

» Thousands of lights
» Limited range light y

» No shadows Influence =0
Actually, shadows later! B B

» Fully dynamic

» Lights and Geometry ’ Falloff | Light Range

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

A The lights hava limited range, with some falloff which goes to 0 at the boundary.

A This means that lights are nphysical, but this is the normal procedure in games.

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! I AR zou
» Question: Which lights affect what geometry.

» Solution: Light Assignment
» (Light Culling)

CHALMERS
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A Despitethe title of 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 the above question,

A That isworking out which lights affect what pieces of geometry.

A2S OFftft GKAAa WEAIKG FaaAa3ayyYSyaQs odzi Aa
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Traditional Forward Shading
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(Traditional) Forward Shading ISR

The traditional approach
Single pass ,'I
Shading in shaders .

Rasterization generates

fragments

Each fragment is shaded
Needs set of lights.
Produces a color
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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 1t is still dominant on mobile hardware.

Aln 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
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Forward Shading I Snzien
» 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.

CHALMERS

SA2014.SIGGRAPH.ORG Efficient Real-Time Shading with Many Lights 2014 SPONSORED BY 0 '

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.
Al YR R2y Qi OINB a2 YdzOK | 062dzi 3IS2YSINRO
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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Forward Shading -Problem Examples

» Few large objects
» Many small lights
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A Now, this conflict runs deeper than simply batch size.
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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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Forward Shading - Problem Examples SReNTeN

» Few large objects
» Many small lights
» Redundant shading work
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A This leads to lots of wasted effort in shading lights that only affect a portion of the
geometry.
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Forward Shading - Problem Examples

SIGGRAPH
ASIA 2014
SHENZHEN

» Few large objects

» Many small objects
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AOn the other hand, we may have many small objects.
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A And a few large lights, <click>
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