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BACKGROUND

» Games:
« Call Of Duty franchise

* Specific set of constraints: :
« *Really* tight performance budget: ~16.6ms/frame
* Fairly tight memory budget
* Maximize quality

CALLDUTY

INFINITE WARFARE

Something that | really want to cover today not only the details of the research

itself, but also what were the motivations for certain choices that we made, what

were the constraints on owsolution.

Becausave work in games, we work for Activision Central Tech, doing R&D for

various studios, most notably for the Call Of Diugnchise.
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actually responsible for putting it in the final game, and it needs to run within a very

strict performance and memory constraints



LIGHTING IN GAMES ACTIVESIoN

» Separated into direct and indirect

» Direct

« direct contribution from point/spot/sometimes
area lights

» shadowed with shadowmaps
« Indirect: some sort of precomputations
« fully offline or partially runtime
+ usually also includes skylight

often different representation for static and
dynamic geometry

often different representation for
hemispherical and spherical signals (for
instance lightmaps for hemispherical data
and some volumetric structure for spherical
data - [Sil15] [Hook16])

M2 &G NB OS Yy (i watkingrodlighdirg), s@| Svifigiveyou a briefintroductionto
lighting in games

Traditionally, game lighting is separated into two parts that are handiegarately
First, there idirect lighting with contributions from traditional point, spognd
recentlyarea lightswhich are oftershadowed withsome form ofshadowmaps

Then there ighe indirect lighting, whichs different inthat it usually involve some

sort of precomputationsstoring the results in some data structuresdthen
resampling the results during the actual rencher
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rendered image.

The indireclighting data usually comes in tWilavors: thereare hemispherical signals
that describe lighting osurfacesand fully spherical signals for describing lighting in
space.

We often use different methods for representing the two.



INDIRECT LIGHTING IN GAMES ACTiysioN

» Constant ambient

.
-

WS ddcds on indirect lightingere. T be even morerecise we will focuson the
diffuse contributionandhow it is storedand represented, and we want it to
represent a full spherical signal

Thereare a numberof solutions used igames
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Thesolutions rangdérom constant ambientvhichlooksbad,to a combination of
ambient and diffusdight.

The latter does a reasonalleb when used to represent hemispherical signal, but
fails miserably when representing spherisanal, generatinthose peestain like
artifactswhenthe direction of the light changes rapidly.

Thenthere are low order sphericidarmonics (SHxecond and thirerder.

The problemwith the seconds that the quality is not really enough, atie third
order is slightly to@xpensive.

Recentlypeople have also been using sets of spherical GaugS@plobes, whichre
fairly expensivebut have the advantagim thatthey can do a reasonable job
representing radiance for low gloss specular materials.

Andii KSy (i KS NBubei(AQ), Widids § setiof 6 clampecbs”2lobes oriented
along cardinaaxes.

Thequality theyoffer is fairly low, buit is reallycheap.



INDIRECT LIGHTING IN GAMES

» Constant ambient
* Ambient + directional light [Car99]




INDIRECT LIGHTING IN GAMES

» Constant ambient
* Ambient + directional light [Car99]
* Low order spherical harmonics (2nd/3rd) [Ram01][PPS08]
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INDIRECT LIGHTING IN GAMES AcTiYision

» Constant ambient

+ Ambient + directional light [Car99]

* Low order spherical harmonics (2nd/3rd) [Ram01][PPS08]
» Spherical Gaussians [Tsai0é][Wang07][RAD15]
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INDIRECT LIGHTING IN GAMES ACTIVision

» Constant ambient

+ Ambient + directional light [Car99]

* Low order spherical harmonics (2nd/3rd) [Ram01][PPS08]
» Spherical Gaussians [Tsai0é][Wang07][RAD15]

» Ambient Cube [McTag04] [Hook16]
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OUR SETUP ACTIVESioN

* 60Hz titles
* Lighting changes spatially
« af low rate, ~1 sample/m
* High reuse of data between

pixels
* Fairly low L2 <-> mem traffic

* Each pixel needs its own data
« we want to limit CU <-> L2 traffic

* More at “Advanced in Real
Time Rendering and Games”
course at SIGGRAPH later this
year

We need somethinghat isreally,really cheap.

Most of our gamesieedto run at 60Hz, which means we hav&é6:6 ms to render a
whole frame.

Thisgivesusaround7-8ms to do the actual scerrendering

Therest is spent on shadows, special effects, etc

At the sametime, we dont want to compromiseuality.

For instancewe want the lighting on objects to change spégia
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Asingle sample every meter is roughly tthensitythat we areaimingfor.

This meanshat when renderingpbjectswe will need to use some sort of volumetric
structure to store thdighting.

Neighboringpixels will use mostlthe samepieces of thastructure.

Theywill be accesmglighting data from roughly the same areas of memory

The traffic between memory and L2 cache will be relativatyall.

Buton the otherhand, it *will* be different for everypixel

Bverypixel *will* needto useslightly different data, andne of the mairgoalsfor us
wasto limit that amount ofdata
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Why? Because accessing memory from a shader is really costly in tettmes of
resourcest needs.

Thediagram here shows a simplified view of a compute uniboth of the current
generation consoles.

Toaccess memory we nedd allocate some registers to store thesults

It needs to send the actual fetch request to the texture unit, where it takes some
amount of space in the interngueues

Thenthere is the bandwidth utilization between the compute uardL2.

Our main problem is that even without doing anything, jbstusingconstant

ambient, all the other features that we have in the shader cause us torited by

the registercounts that weuse

WS Qalidost limited by the queues in the texture units, and whilelvawesome

slack in the available bandwidth, we really want to avoid adding too many memory
accesgsequess.

All thesefactors are iradelicate balanceyou can use moreegisters but then you

limit the number of shader instances you can hav#igint.

This,in turn, limits their ability to hide the memory lookup latency, etc

16KBof L1 / ( (avg) 4 wavefronts/SIMD * 4 SIMDs/CU * (avg) 4 lookups in flight * 64
bytes/cactelinel’ nndpcoediSa 0 I n ZcaéhelineBpkrSNBE Qa NP 2
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wavefrontper lookup.

Thereare 64 threads ireachwavefront, each thread performin¢gpokups from
independent positions itextures

Lookuppositions are usually close withanwavefront, soit might not require all four
cache linesbut (i K S & béreally a lot of temporateuse

Mostlythere isspatialreuse,with the L1<->L2 pathcongantly busy
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