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NTY—E(H)

If (H(1) > 0.5)

goto
GetFood - ‘ FFlE] ()
NJ)—EMO. 5 \/

ZHA-LEEZERYIZ17<,
H(t) =sin(1/24%*t)
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If (H() > 0.5)
goto GetFood
Else

Sleep

NTY—E(H)
M) =sin(1/24%0)

FFIET (t)
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H(t) =sin( {/24 *t)

If(H@Y) > 0.8 && S(t) < 0.1) h
goto GetFood m

Else If (H(t) < 0.3 && S(1) > 0.7)

FFIET (t)

»

BRYE=OE (H)

S(t) =sin(1/48*t)

goto Sleep |
Else
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IF(0.55H(t) > 0.8 && S(t) < 0.1)

Else If (H(t) 0.3 && 1.5%S(t) >
0.7)
goto Sleep
Else

/\/7 Y —B(H)
H(t) =sin(1/24*1)

-

FFIET (t)

BREY7=0E (H)
S(t) =sin(1/48*t)
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If (Ht) > 0.8 && S(t) <0.1)
goto GetFood | |
Else If (H(t) < 0.3 && S(t) > 0.7 /\ i i

goto Sleep h > I —> I
Else If( (1-H(t))*D(t) < 0.9) : I
Goto Fight u E

Else
Free Walk
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Trait ... ¥FlE, EE/ VoA —5—
Wish ... 7D E#E

Sims Getting Smarter: Al in The Sims 3(IGN)
http://pc.ign.com/articles/961/961065p1.html

GDC09 & ¥} http://cmpmedia.vo.llnwd.net/o1/vault/edc09/slides/Combined.ppt
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rect[0]

couple(rect[0], rect[2])

rect [0] rect[0] | rect[1] rect[1]

rect[2] | rect[3]

couple(rect[0], rect[1)]

couple(rect[0], rect[1])

couple(rect[2], rect [3])
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frostbite

Rendering Architecture and

Far Cry(Crytek & Ubisoft)

=
CryEngine 1.0

Crysis(Crytek & EA)
==

EHeEE=

CryEngine 2.0

Dunia Engine

http://www.crytek.com/technology/cryengine-2/specifications/

Real-time Procedural Shading & Texturing Techniques

Johan Andersson, Rendering Architect, DICE

Natalya Tatarchuk, Staff Research Engineer,
3D Application Research Group, AMD Graphics Products Group

Frostbite Engine
Rt {Battlefiled AT PV

Practical Example: Mountains Generation
and Realistic Snow Accumulation

K itt Battlefield> ') —X T Frostbite (4gamers)
http://www.4gamer.net/news/history/2007.03/20070308211803detail.html

http://developer.amd.com/assets/Andersson-Tatarchuk-FrostbiteRenderingArchitecture(GDC07_AMD_Session).pdf




CryEngine 2.0
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Crysis ICBITAHEMNT = A— 3 BE)

L — Procedural Vertex Animation

http://www.crytek.com/fileadmin/user upload/cryengine2/CryENGINE2Features.pdf

Tiago Sousa, "Chapter 16: Vegetation Procedural Animation and Shading in Crysis", GPU Gems 3, 2007

Finding Next Gen CryEngine2,
http://ati.amd.com/developer/gdc/2007/Mittring-Finding NextGen CryEngine2(Siggraph07).pdf




RIZEENSF% in Crysis

= 2 {K(eaves)

eloper/gdc/2007/Mittring-Finding NsxtGen CryEngine2(Sieeraph07) paf

Finding Next Gen CryEngine2, http://ati.ymd.co!
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www.two-kings.del.../dxgraphics10.html Precomputed ambient occlusion



RIZFENSFx in Crysis

D FOHKIZHTIEODADRBENOTREZELEHES

http://www.geir om/wp-content/images/crysis_later.jpg

@ HREE(xy)LDRRIMILMDS, éﬁm (m’&aw)éo

Finding Next Gen CryEngine2, http://ati.amd.com/developer/gde/2007/Mittring-Finding NextGen CryEngine2(Siggraph07).pdf
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Finding Next Gen CryEngine2, http://ati.amd.com/developer/gdc/2007/Mittring-Finding NextGen CryEngine2(Siggraph07).pdf
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Animation and Shading

X

Lo BEN,
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Procedural Vegetation e
Animation in Crysis

"Chapter 16: Vegetation Procedural Animation and Shading in Crysis", GPU Gems 3, 2007




References

SpeedTree

http.//www.speedtree.com/
Procedural vertex-animation(OceanWater)
http://bOrken.dk/hornet/shaders/proc_water.html
Tiago Sousa, "Chapter 16: Vegetation Procedural
Animation and Shading in Crysis", GPU Gems 3, 2007
natural motion, http://www.naturalmotion.com
E3 2006: Indiana Jones Eyes-on,
http://ps3.ign.com/articles/705/705489p1.html
Finding Next Gen CryEngineZ2,
http://ati.amd.com/developer/qdc/2007/Mittring-
Finding_NextGen_CryEngine2(SiggraphQ7).pdf

Figures on the pages are from these references.
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DUNIA Engine TF&

(I) Growing Vegetation

(I) Tree Generation

(III) Day and Night cycle

(IV) Realistic Weather System lu




frostbite

Rendering Architecture and
Real-time Procedural Shading & Texturing Techniques
Johan Andersson, Rendering Architect, DICE

Natalya Tatarchuk, Staff Research Engineer,
3D Application Research Group, AMD Graphics Products Group

Frostbite Engine

D ATPzHMER

(We can generate objects with procedural techniques
-Then use rules to deform / destroy / modify / move them
-Better interactivity)

@ Semi-procedural surface shader

@ Procedural shader

@ Procedurally distributed on the fly

Practical Example: Mountains Generation
and Realistic Snow Accumulation

GDC 2007  Frostbite
http://developer.amd.com/assets/Andersson-Tatarchuk-FrostbiteRenderingArchitecture(GDC07_AMD_Session).pdf

GDC 2007 “The Importance of Being Noisy: Fast, High Quality Noise”, N. Tatarchuk
http://developer.amd.com/Assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf

SIGGRAPH 2007 Johan Andersson “Terrain Rendering in Frostbite using Procedural Shader Splatting”
http://ati.amd.com/developer/gdc/2007/Andersson-TerrainRendering(Siggraph07).pdf
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ETILBEAER Deformable Model
T A— 9 %R Animation Synthesis
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SR 4 HEd B AL Procedural AI
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S A=) —4 Rk Story Generation
AIHiS Artificial Societies

Earth Simulator
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Jacob Olsen, Realtime Procedural Terrain Generation
http://oddlabs.com/download/terrain generation.pdf
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Simulating plant growth by Marco Grubert http://www.acm.org/crossroads/xrds8-2/plantsim.html

T




The Sketch L-System:
Global Control of Tree Modeling Using Free-form
Strokes

Takashi ljiri, Shigeru Owada, Takeo Igarashi.

-u".m

L-system Z AW T BEGIRETRKDETILEERT HY—IL

The Sketch L-System:
Global Control of Tree Modeling Using Free-form Strokes
http://www-ui.is.s.u-tokyo.ac.jp/~ijiri/SketchL System/index.html
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The Sketch L-system

The Sketch L-System: Global Control of Tree Modeling Using Free-form Strokes
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Simulating plant growth by Marco Grubert http://www.acm.org/crossroads/xrds8-2/plantsim.html
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City Engine(central pictures)

http://www.centralpictures.com/ce/
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Geographical

Sociostatistical
Image Maps

Roadmap creation
Extended L-System

Division into lots
Subdivision

Allotments
- Polygons Facade elements
Building generation Image Maps
L L-System Buildings h
— Strings Texture Engine
Geometry Grid creation
Parser Geometry Shaders

b

Polygons Procedural
Renderer

Output

Images

Yoav I H Parish, Pascal Miiller
http://www.centralpictures.com/ce/tp/paper.pdf

=

File LSystem Streets Allotments Buildings

=@l [axr

I Min Angle To Smooth
60.0
Threshold Angle To Smooth
[
Max Angle To Smooth
1650
Min Length To Smooth
200
Draw Highway Width
5.0
Draw Road Width
oo
Drawr Highway Color
0
Draw Road Color
0

10p0]

George Kelly, Hugh McCabe,
A Survey of Procedural Techniques for City Generation
http://www.gamesitb.com/SurveyProcedural.pdf
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Yoav I H Parish, Pascal Miiller
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Microsoft Flight Simulator 2004
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Mark.J.Harris,REALISTIC CLOUD ILLUMINATION

http://www.markmark.net/clouds/index.htm




Microsoft Flight Simulator 2004
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Niniane Wang ,Realistic and Fast Cloud Rendering
http://jgt.akpeters.com/papers/Wang04/
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Microsoft Flight Simulator 2004

Niniane Wang ,Realistic and Fast Cloud Rendering
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Plague Outbreak — World of Warcraft — September 2005
http://Iwww.mmocrunch.com/2007/12/04/top-5-most-memorable-events-in-mmorpg-history/
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Left 4 Dead
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Bi$Jt: Valve Software

H ik Valve Software

Hardware: PC, Xbox360
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[VALVE]

Left 4 Dead: The Survivor Team

Michael Booth, "The Al Systems of Left 4 Dead,"
Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html
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Michael Booth, "The Al Systems of Left 4 Dead,"
Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html




FEHF—La Ay alzkB
A4 )T VA LZER RRART

» The Navigation Mesh

e Represents “walkable space”

e Originally created for Counter-
Strike Bot pathfinding

e Useful for general spatial
reasoning and spatially
localized information

e Has area A ever been seen by

actor B?
e Is area X potentially visible by
area Y?
e Where is a spot near the
Survivors, not visible to any of
them?

o How far have we traveled to
reach this area?

EDERETL AT —I(FZ D P DL FIFMDIIFTHEEZEN ? HE,

Michael Booth, “The Al Systems of Left 4 Dead,” Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html
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Michael Booth, “The Al Systems of Left 4 Dead,” Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html
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Goal: Promote Replayability

Procedurally Populated Environments

» Where to spawn

e Behind Survivors

e Only select valid areas in the AAS
that are at or behind the Survivor
team’s "flow” distance

since wanderers and
Special/Boss Infected are usually
engaged ahead of the team

Michael Booth, "The Al Systems of Left 4 Dead,"

e 75% of Mobs come from behind, |

ENTER

Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.

http://www.valvesoftware.com/publications.html
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Goal: Promote Replayability
Procedurally Populated Environments

EXIT

» Where to spawn
e Ahead of Survivors

e Only select valid areas in the AAS /f

that are at or greater than the 7
Survivor team’s “flow” distance [

ENMTER

Michael Booth, "The Al Systems of Left 4 Dead,"
Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html
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Goal: Promote Replayability
Procedurally Populated Environments

» Where to spawn
e Near Boomer Vomit Victim

i . /f )
e Only select valid areas in the AAS / H |

that are near the Boomer Vomit /

!

Victim’s “flow” distance {

"u.
\

\
L
X

_—F'f.

EMTER

Michael Booth, "The Al Systems of Left 4 Dead,"
Artificial Intelligence and Interactive Digital Entertainment Conference at Stanford.
http://www.valvesoftware.com/publications.html
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(3)

(4)
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ITHABEMNT . TLATRNFEDHN 4 (GameWatch)
http://game.watch.impress.co.jp/docs/news/20090329 80132.html

Valvei& 3. [ Counter-Strike |1) 5 Left 4 Dead |~
BATLA.)TLAE., AT 4L 32—D 7% (GameWatch)
http://game.watch.impress.co.jp/docs/news/20090327 80051.html

Valve Software. I'Physical Gameplay in Half-Life2] (GameWatch)
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http://game.watch.impress.co.jp/docs/20060325/valve.htm
(EEREX )

Left 4 Dead Interview (Eurogamer)
http://www.eurogamer.net/articles/left-4-dead-interview

BADT=HIZRRAFYIHNNSDH ? (4dgamers)

[Left 4 Dead IR 5, TLAV—%Co-opllFES1T#HHT
http://www.4gamer.net/games/035/G003579/2009032704 3/
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(1) How To Go From PC to Console Development (GDC 2008)
http://www.valvesoftware.com/publications/2008/GDC2008 Cross
PlatformDevelopment.pdf

(2) GRID Broadband Content Delivery Platform (GDC 2008)
http://www.valvesoftware.com/publications/2008/GDC2008 Styliza
tionWithAPurpose TF2.pdf

(3) Source Engine f#&%
http://source.valvesoftware.com/SourceBrochure.pdf
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— International Game Designers Panel —
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