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Hello andwelcomd

My name is Natalya Tatarchuk, and | am a Graphics Engineering archBertgag a

video game company. Today we will be talking ab&pplied Graphics Research for
Video Games: Solving R&dbrld Problems under Re&@Vorld Constraints



What Makes Video Games Special?
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Which brings us to this questioWhat makesvideo games specialAt least when
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Graphics Feature Evolution

If we look backwaaayback, Had Combat Evolved had actuadlygood resume of
individual graphics feature3errain system, foliage, water, ice, snow, partefects,
simple flag simulation, vehicles.
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Graphics Feature Evolution

* Early games: fixed-function individual features

* Pros
* Quick (== cheap) to implement
» Fast
= Easy to profile and validate
* Cons
= Limited functionality and art controllability
= Not expressive

These early game featuregere fairly fixedfunction. That madesensec A (i Qaod |
route for small project R2 Yy Qi 2 OSNHSYSNI f AT S 6 A G K2 dzi
They were cheap to implement, were fast, and relatively easy to test. However, they
were not expressive, and haichited functionality and art controllability.
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In the current world of player expectations, for AAA blockbuster games (just like

movies), the expectations have risen drastically.
Technologyhas been progressing by leaps in the last decade or so and consumers

expect modern games to showcase their capabilities accordingly.
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AAA Video Games Expectations

* Increased Expectation of Visual Quality

T
DESTINYY

Payers havericreased expectation of visual quality, independehgenre. This
means higkguality lighting and shadows in reine, highquality cinematic
postprocessingblurs, depth of field, etc.).
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AAA Video Games Expectations

* Increased Expectation of Visual Quality

* Immersiness Fidelity Leap

DESTINY Y

At the same time, consumers expect a leap in immersion for gamieish means
increased fidelity. This includes increased resolutiarger destinations, denser and
more diverse environments.
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AAA Video'Games Expectations

A _.ulf m-r W AR —
) » [ncreased Expectation of Visual Quality

2 * Immersiness Fidelity Leap
.\ * Non-Linear Gameplay Expectation
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Players crave nehnear gameplay. Worlds that evolve and would always give the
players new reasons to come back for more gameplay and adventure. What this

means is that rather than building a singular experience a player can experience once,

game developers wish to build content that players can explore on their own over
and over again.
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Dynamic Environments

Real-time dynamic time of day
Weather elements

Large destinations

Diverse environments

Lush vegetation

DESTINYY

To make these notfinear game worlds work, we need dynamic environmeiitss
means supporting in realme dynamic time of day, weather elements, such as rain,
snow, wind, etcAAA blockbustegames in the latest years have large destinations,
with diverse environments, lush vegetation. This means thatatest video games
pack many more features and thef@atures are far more diversethey are no
longerfixed function.
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AAA Video Games Expectations

* Increased Expectation of Visual Quality
* Immersiness Fidelity Leap

* Non-Linear Gameplay Expectation

* Dynamic Worlds

» Large Degree of Art Controllability

* Require Fully Fledged Features
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To makeall of the above work, it is important that the control of the creation is
shifted to the hands of content creatorshe artists, designers and animators. Most

of the AAA houses have about a third or less of their workforce consist of engineers
and the vast majority of the company is made up from artists, animators and
designers. This means that the features we provide must provide a great deal of art
controllability, have intuitive controls and must be robust and sufficiently express
complex phenomena.
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To make the game worlds feel immersive, they need varied, consistent and complex
simulations across variety of game systdmg R I NJ LKA Oa FSI G dz2NBad
world feel truly dynamic if the elements do not convey the response to player

actions.. dzi G KA& Ffaz2 YSlIya GKIFIG AGQa y20G Sy?2
must make all systems simulate dynamically, together.

For example, in this scene, the player is moving around, aiming, and performing

gameplay actions. We see cloth simulation responding to that, the grass movement
responds to the player walking through, water ripples and splashes.
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Dynamic Worlds Coq‘Fidei‘ations
\

* |Interconnectedness of features is required
= Consistent lighting environment handling
* Handle dynamic conditions uniformly

DESTINYY

Making all these systems play well together incurs additional tax for each individual
feature as they now need to be designed not in isolation, but in correspondence to

the other features in our game worlds.

For example,lsadows, global illumination, occlusion, translucence, etc. must handle

time of day.All elements in the world need to go through the same path (for

SEIFYLX ST ftAIKGAYT SYyBANRYYSYGo tdget 6 S O2y
away with custom hacks (the crutch of our earlier development).
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Dynamic Worlds Coq‘Fidei‘ations
\

* |Interconnectedness of features is required

* Magic numbers or content-specific tuning not
feasible

* Features must be robust with respect to varied
input

DESTINYY

This, combined with the sheer amount of content needed for fgghlity experience,
means that requiring custortuning of parameters to make your algorithm waskan
utterly unrealistic expectatiorand often is simply not doable.

What does it mean to tune cascade shadow split for individual levels when you have
dynamic time of day?

Whichtime of day should we set the split value faihat about tuning shadow
distances; accounting for time of day, or accounting for varied viewpoints from the
player? What about tuning when you have dynamic weather? This also means that
the features themselves mube robust to varied input.
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Dynamic Worlds Coq‘Fidei‘ations
\

* |Interconnectedness of features is required

* Magic numbers or content-specific tuning not
feasible

* Robust with respect to varied input
* Great if research considers these considerations!

DESTINYY

Thus a call to resedna; consider these requirements! The good news is that they
make for more interesting problems! Of course, that this adds complexity for
otherwise standalone techniques, so this request is by no means required, but
considering this requirement only serves to improve the algoritqraed increases
the chances of production adopting them.
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Dynamic Worlds Production Impact

* Must ship with predictable performance

* Dynamic worlds + non-linear gameplay +
customizable elements = complex test matrix

= X platforms

DESTINYY

Creating fully dynamic worlds also hasimpact on test and performance
optimization. Games must ship with predictable performance in order to provide a
good experience to the player. Combining dynamic elements withlinear
gameplayand playerdriven customization means that the amount of testing
increases exponentially. In Destiny, we had to test the entire matrix of our
destinations, with all of the activities, with all of the different permutations of gear,
on all of our shipping platforms.
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Dynamic Worlds Production Impact

* Must ship with predictable performance

* Dynamic worlds + non-linear gameplay +
customizable elements = complex test matrix
= X platforms

e Constant retesting during development

DESTINYY

And we had to test that full matrix EVERY time major features were implemented or
content rework completed. Testing this thoroughly may be an overkill to some, but
as recent rough launches show, it pays off when your players are having fun playing
your game instead of experiencing pqmerf or continuous online problems.
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Dynamic Worlds Production Impact

* Must ship with predictable performance

* Dynamic worlds + non-linear gameplay +
customizable elements = Complex test matrix

e Constant retesting during development

* Game development == iteration3
= Artists and design create iteratively

DESTINYY
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We implement features, design levels, concept characters, bring them to life only to
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design create iteratively. This of course means continuoweeduation and re
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constraints
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Perforh‘l‘anc;e Analy3|s
> =

ultivariate optlmlzatlon for performance
= Account for all dynamic conditions

= Find the worst combination

* Must establish predictable performance budgets
= Features
= Content

DESTINY Y
(W

Having many dynamic elements (TOD, weather, destruction, etc.) also puts a tax on
performance optimization as the amount of variables explodes. We need to account
for dynamic conditions and find the worst combinations to know that the

performance will be predictably bounded in a safe bracket suitable for the gameplay
input latency we have set out to achieve.

To help this, we must establish predictable performance budgets for our features and
content. This means that we need to know the behavior of algorithms across varied
conditions. Is there a woratase scenario that absolutely tanks performance? If yes,
we might not be able to use it.
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Dynamic Non-Linear Worlds == Content3
£
Non-linear worlds require a great deal of varied content

Impractical to create unique assets
Content re-use is a must

Proceduralize details for content creation
= Auto paint brush placement

= Procedural placement and population of areas
Heavy customization-based pipelines

Asl mentioned earlier, we need a great deal more content to have dynamic worlds
with non-linear gameplay. When we look at the fidelity of the destinations AAA titles
are striving to ship now, creating unique assets for all of the gameplay goals is
impractical, even for game companies with large production teams. We have to re
use content effectively. This means that game developers invest in algorithms and
tools pipelines that helproceduralizecontent creation, for example, automatic
population of decorator locations based on painted importance information, etc. This
is another reason why many have turned toward heavy customization pipelines which
allow create vast variety of content based on componentized building blocks.
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Empower Artists to Own Results

* Not just the visual - performance analysis

* Dynamic conditions + content3 == far too much
content for custom engineer analysis

DESTINYY

When we look at the sheermount of content AAA games need to create, it becomes
very clear that we must empower the artists to own etedend results for their

work. We need to empower the authoring improvements where we can (artists
would love it if they could truly rid dfivsforever for realtime). But we also have to
consider that the content has to be created with specific platforms in mind. And this
is true for analysis of content for performance behavior.
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Empower Artists to Own Results

* Not just the visual - performance analysis

* Dynamic conditions + content3 == far too much
content for custom engineer analysis

* Enable workflows to give the power to the artists

» Algorithms to visualize performance-critical data in
artist-actionable ways

DESTINYY

We firmly believe that empowering artists to be able to change their assets as quickly

as possible without having to involve an engineer makes development loop far faster
overall. By the time we the graphics engineers would load a level into a GPU profiler
G222t FyR OGF1S | t221 G2 &aSS ¢KAOK TSI (dzN.
gone by. But if an artist could just take a look at some visualization mode and

understand the cause of the problematic performance issue, they can simply change

the content on the spot. Thus we have invested and will continue to invest into

algorithms to visualize performanazitical data in artistactionable ways
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[ SG Q&  lopkDf ah exdjmidd @ how this worked in our garhiere is the
default view from one of our levels in the game
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We can start from the obvious choices such asomeen geometrpudgets to show
the number of vertices, drawcalls, etc. (actumaimbers are hard to see but you get
the idea). These budgets are developed with specific platforms in mind.
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And add ingame visualization modder other propertiesg for example, the
overdraw mode helps artists control transpareementsperformance by limiting
overdraw for foliage and other transparents (direattyrrellatingto performance of
those elements in our pipeline). We have a similar mode for visualizing lights

overdraw mode which helps lighting artists evaluate performance cost for their
lighting setup.
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Some of the other displays veelded were texture size display which allowed the
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Or even anip used display, so that you can see what N&Nels were actually
perceivable in game (and maybe cut down on memory requirements by reducing

textures)
And many more (runtime pixel costjange/ drawcallvisualization, etc.)
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Communicate Implications Clearly

* Important content creation choices for creating
good, usable, and performant content

= Beyond already known

= What future aspects do we want to communicate to art
visually?

So when developing graphics techniques we always must ghiokv will we
communicate the implications of the algorithms for content authoring choices to help
content creators generate good, usable and performant content. We should always
think ¢ what aspects of our algorithms do we want to expose to communicate to art
visually themportant constraints that they need to incorporate into their production
pipeline?
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The Beauty of Constraints

So with all these expectations for vidgames we have to remember that video

games ship to run in redgime (game reatime, 30 or 60 fps on constrained

platforms).When people hearthe wordkO2 Yy A G N»F Ay G4 Q> | G & LA Ol f
RSAANB (2 NHzy® d2Keéx RIENYy A0z gKeKé . dzi
Selfimposed constraints, when you have none, can only improve your work.
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Know and ¥ Your Constraints

Hou) w\vcl\ con I ‘CH'
lndo & haike G""W“""’—

Ok wo l'm ovt o‘c

S

We know that havingoncrete dostacles may prompt you to step back and start

looking at the big picture. SRABs a very good such obstacle, prompting game
developers to completely reformulate their solutions to generate dataask

LI N> f £ St RSaadayad 2KFG R2SayQi (Aff e2dz=
it also makes you come up with really interesting solutions.

We can use constraints to guide us to new, utterly unexpected solutionsofAnd

course, never take constraints for granted. After all, sometimes we get so focused at a
wall in front of us, we may not realize that the solution takes us into an entirely
different land.And in the research field, you can smartly keewn constraints to

look at the big picturdéo look further into the future, changing hardware pipelines,
changing rendering paradigms.
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Problem Statement =
Goals + Constraints

DUEST IEN.Y W

In order to solve any problems, we have to correctly identify the problem statement.
And because problem statements consist not only of the end goal, but the constraints

that define the possible space,
We must correctly identify both the goals AND constraints before we set out to solve

problems.
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Real-World Constraints

DESTINYY

Sonaturally while developing video games we encounter a fewwneald
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Butmany of these constraints apply, in a scaled down fasqiand perhaps even
more extremec to the world of indie games as well
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Video Game Constraints Reality

Artistic Vision and Gameplay
Resources and Timeline
Platforms

Risk Management

Content Production
Scalability

Legal/Intellectual Property

DESTINY Y @ ‘

Thereare a number of real constraints that video games creation has to be aware of
(and we already touched on some of thede). 62 Yy Q(i2 O20SNA $ t Xy RSLJI
enough to give you a taste.

On the high level we can list them as these buckets:

- <Artistic> vision / game play design constraints

- <Production> constraintsesources (man power, farm generation, timeline)

- <Platforms> Hardware and System Constraints (Performance, Memory)

- <Risk> Management

- <Content> Production

- <Scalability>: Cros8latform and Cros&eneration

- <lLegal/Intellectual> Property
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It Begins with Design & Artistic Vision

DESTINYY

In video games, as in many other creative pursuits, everythggins with an idea. It

all begins with the design and artistic vision, the creative concept. After all, the
technology must first and foremost serve the aesthetic purposgaofieplay the
experience we want the player to have

Here, for example, we have a concept image from the early days of Destiny, for one of
our destinations, Mars.
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And here is an image from the resultinggame rendering of that level.
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Game Graphics Must Communicaté Design
Intent

All of the technology implemented for video games must take the artist and
gameplay vision andommunicateit to the player. This means that the graphics

algorithms and features we implement must make sense within the aesthetic that the
video game wants to achieve.
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Enablingralette and mood also means having high quality ligh¢jadter all,
achieving artistic vision means giving the artists tools to express it.
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What's the Challenge?

* As technology advances, rendering time remains
constant.
—Blinn’s Law

* Holds true for games as well
= Time to preprocess a level
= Time to render a frame stays constant (33 or 16 ms)

* Yet the communicate the design and art goals

But to communicate the artistic vision may mean completely impractical requests.

. T A Mwvibigh essentially states that the time to render a frame remains constant,

stays relevant for all mediaVhilea game development frame does not take 10 hours
to render, this law is still accurate for both time it takes to preprocess a level and for
the time it takes to render a game frame. We got our 33 on&go fill ¢ and must
communicate design or artistic vision in a practical way.
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Platform & Resource Constraints

e CPU performance

* GPU performance

 Memory footprints
* Loading times

Here are the platfornspecific constraints that we have to mind while trying to bring
the artistic vision to life:

- CPU and GPU performance

- Memory footprint

- Loading times
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Non-Gameplay CPU Workload Budgets

Computing Environment Visibility =~ 6 ms
Dynamic views and objects visibility and data 12 ms
extraction

Non-gameplay affecting simulations and non- 11 ms
deterministic animation

Generating drawcalls 32.5 ms

Here arethe CPU workload budgets that we used to ship Destiny (which ran at 30 fps)

for rendering workloads. | excluded gameplay affecting budgets though they

obviously are also very important. Note that these budgets hel@taf our shipping
platformsci KS& RARY QO YI 3IAOlIfft& AYyONBlIasS 2y Y
the same time we were trying to render far more on those platforms. You will also

notice that these did not add up to 38s¢ that is because we overlapped some of

the computations (for example, submit to the GPU for previous frames overlaps with
simulation for current frame).
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Drawcalls

Previous Gen (PS3 / Xbox 360) Current Gen (PS4 /
Xbox One)

Drawcalls 2000-3000 9000-15000

= After aggressive batching optimizations where possible:
instancing, environment, foliage, etc.

* Includes shadows and auxiliary passes

And at the same time while the CPU budgets did not increase, the number of
elements we were drawing increasddereis the example oflrawcallsthat we were
pushing through a single frame of Destiny across two generations of consoles. You
notice that we increased nearly an order of magnitude in one generatisithout
increasing our CPU budgets for submit. However, the CPU power has not increased in

the same proportiog so we had to learn to become more efficient on those
platforms.
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GPU Budgets (ms)

Lighting . \ GPU
Platform G-Buffer Shadows. & FX gostprocess Particles Ul

Xbox One 12 59 14 4.3 1 1

Xbox 360 9.8

DESTINYY

Hereare the GPU budgets for rougHbyoken down features across different
platforms. We see a similar trend.
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GPU Budgets (ms)

Lighting .
Platform |G-Buffer|Shadows. & FX Postprocess \Particles Ul

Xbox One : g 14 L 1

Xbox 360

DESTINYY

Note that although some of our budgedecreasedvith the higher power platforms
that can do more in less time
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Many stayedthe same>While the GPU throughput is higher on the latest
generation consoleg; we are renderingnore elementsn a given frame (higher

quality shadows, more elements @buffef more FX, etc.). And we also <added>
graphics features on new consoles as well as <accounted> for increased resolution
costs (for example, running at 1080p on the latest generations).
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