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void gen(){
if(unit_length >MAX_LENGTH) { add_stem(); return; }
add_rings(current_stem);

if(steps > 1000);return;

R
}

int make(){ gen(); return; } '

2003, Youichiro Miyake
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Far Cry(Crytek & Ubisoft)

Crysis(Crytek & EA)

=

CryEngine 2.0

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

Dunia Engine

frostbite

Rendering Architecture and

Real-time Procedural Shading B Texturing Technigues

Johan Andersson, Rendersng Architect, DICE

Frostbite Engine
Battlefiled

Practical Example: Mountains Generation
and Realistic Snow Accumulation

Battlefield Frostbite (4gamers)
http://www.4gamer.net/news/history/2007.03/20070308211803detail.html

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




Far Cry Instincts
(Ubisoft Montreal & Ubisoft)

Crysis(Crytek & EA) Far Cry 2(Ubisoft Montreal & Ubisoft)

CryEngine 2.0 DuniaEngine
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Animation and Shading
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Procedural Vegetation ===
Animation in Cr

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




DUNIA ENGINE 2.0



FAR CRY 2

FAR CRY 2
Procedural Data Generation in FAR CRY 2
https://www.cmpevents.com/GD08/a.asp?option=C&V=11&SessID=6240
Dominic Guay (Technical Director, Ubisoft)
2 21 9 10
North Hall, 132
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DUNIA Engine

(1) Growing Vegetation
(I1) Tree Generation

(111) Day and Night cycle

(IV) Realistic Weather System ||:

FPS FarCry2 (4gamers)




frostbite

Rendering Architecture and

Real-time Procedural Shading B Texturing Technigues

Johan Andersson, Rendersng Architect, DICE

Frostbite Engine

(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

i I=... —

GDC 2007  Frostbite “Rendering Architecture and Real-time Procedural Shading & Texturing Techniques”
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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Battlefiled

Procedural Helps You Avoid the
Resolution Problem

= A

Procedural Techniques: Now!

= Computers are fast encugh so that procedural is
real-time nowl

us o directly translate

* Integer and b

—JIC= frosthite

AMD GDC 2007 Frostbite “Rendering Architecture
and Real-time Procedural Shading & Texturing
Techniques”

http://developer.amd.com/assets/Andersson-Tatarchuk-
FrostbiteRenderingArchitecture(GDC07 AMD Session).pdf

Intel

Allegorithmic

http://www.allegorithmic.com/

map

Thls scene |s
made entjre
proce ura
textures

Intel GDC 2008 Threading Successes 06 - Allegorithmic

http://softwarecommunity.intel.com/isn/downloads/gr
aphics/GDC/Threading Successes.zip
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Procedural Texture
Deformable Model

Animation Synthesis

Al Procedural Al

City Generation
Story Generation

Artificial Societies

% Earth Simulator
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The SImCity Sub Al



Meta

Peer o
Sub s Land Value = Distance[Zonetype] + Terrain + Transport

Crime = Pop. Density”™2 - Land Value - Police Effect

SUbAl(= )
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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(Sigqraph07).pdf




In Crysis
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(entire) | (leaf)

www.two-kings.de.../dxgraphics10.html Precomputed ambient occlusion




In Crysis

http://www.geimeris.com/wp-content/images/crysis_later.jpg
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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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Killzone

Chromehounds

Far cry Instincts

http://xbox.ign.com/articles/631/631259p1.html




A

lIzone

K

.é;'-.a};m. o




0 O 0
> o
O O O
O Gl T,
30 8 & B
OQ 9 | O
20 12 — 2
/® O @
13 15 15@ @13 ,
O ®)
éﬂ
i6 i6 is 12
® o o O
14 R
| @
L
‘ 15 20 18 14
fed @) O



Step2

@) @) @)

20 20 20 20

'ﬂzﬁ—ﬁ0
© | o il

| 20 @ 40 00 @0
O 2 0
® 40 0 &) &0
20 [/



Step3

®
o0& -
0
O
20 @ 20 20@ @20
O . @
0
®
® 0 20 el 020
3
o o I



Step4d

O O " @) O O

16 40 10 1o

O O o\ _ O P — °
ol I ©
oo e

1 i0 @ 10 10@ @10 /
0 ) 7

o

0 0

O~__ O
© o @ ®




Killzone

s ) 60 58 36 38
o o °| , ® o ® [ J /} O (@]
s
= * L ;u é T 0@ e = “= 10 62 _@ @ @ 41
° g O ©
. at 10 20 20 | O .
o mmm * * '] 3 © 63 [ @ 85 45@ ©43
@ e O o
o 0 O o a0 " = 33
') ] ® L] . =
] w10 0 in 56 36 35 32
& o . . ® @ . . @ © o
sH@E NI 34 |
40 & 30 1S & @
f i
a0 a a 0
o S _ S 55 20 18
@ o @

Al




References for Killzone

[1] William van der Sterren (2001),"Terrain Reasoning for 3D Action Games",
http://www.cgf-ai.com/docs/gdc2001_paper.pdf

[2] William van der Sterren (2001) ,"Terrain Reasoning for 3D Action
Games(GDC2001 PPT)", http://www.cqgf-ai.com/docs/qdc2001_slides.pdf

[3] Remco Straatman, Arjen Beij, William van der Sterren (2005) ,"Killzone's
Al : Dynamic Procedural Combat Tactics", http://www.cgf-
al.com/docs/straatman_remco_Kkillzone_ai.pdf

[4] Arjen Beij, William van der Sterren (2005),"Killzone's Al : Dynamic
Procedural Combat Tactics (GDC2005)", http://www.cqgf-
ai.com/docs/killzone _ai_gdc2005_slides.pdf

[5] Damian Isla (2005), "Dude, where’s my Warthog? From Pathfinding to General
Spatial Competence”, http://www.aiide.org/aiide2005/talks/isla.ppt

Figures on following pages are from these references.
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(the space of possibility)

Katie Salen, Eric Zimmerman,” Rules of Play: Game Design
Fundamentals”, MIT Press, 2003

Warhe Sakain | fric Simmssminn

Rules of Pltlgl But game designers do not directly design play. They

RS i Pt only design the structures and contexts in which play takes place,

' indiretly shaping the actions of the players. We call the space of
future action implied by a game design the space of possibility.

It is the space of all possible actions that might take place in a game,
the space of all possible meanings which can emerge from a game
design. (P.67, Unit 1: Core Concepts | interactivity)
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(Sim Everything 1)

http://www.4gamer.net/news/history/2006.05/20060511195155detail.html

http://www.gamespark.jp/modules/news/index.php?p=6614

http://www.watch.impress.co.jp/game/docs/20080814/sporel.htm
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Lydia Choy, Ryan Ingram, Ocean Quigley, Brian Sharp, Andrew Willmott
Rigblocks: Player-Deformable Objects, http://www.cs.cmu.edu/~ajw/s2007
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Henry Goffin, Grue, Chris Hecker, Ocean Quigley, Shalin Shodhan, Andrew Willmott,
Player-Driven Procedural Texturing, http://www.cs.cmu.edu/~ajw/s2007
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(re-targeting)

Generalize( )
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Specialize( )

SIGGRAPH2008 “Real-time Motion Retargeting to Highly Varied User-Created Morphologies”
http://chrishecker.com/Real-time Motion Retargeting_to Highly Varied User-Created Morphologies

GDC2007

“How To Animate a Character You've Never Seen Before”
http://chrishecker.com/How To Animate a Character You%27ve Never Seen Before
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SIGGRAPH2007
SIGGRAPH2007
SIGGRAPH2007

(SIGGRAPH2008)
GDC2008




Spore




References

(1) Andrew J. Willmot
SIIGRAPH2007
http://www.cs.cmu.edu/~ajw/s2007//

(2) E32006 011 E32006
Spore
http://www.4gamer.net/news/history/2006.05/20060511195155
detail.html

(3) Steve Capell et al., Interactive Skeleton-Driven Dynamic
Deformations
http://grail.cs.washington.edu/projects/deformation

(4) Development of Spore

( Maxis
)
http://en.wikipedia.org/wiki/Development_of Spore

(5) Spore Procedural Music WEB
Spore Procedural Music

Figures on the pages are from these references.




game/news/__icsFiles/artimage/2007/10/20/pc_fc_n_gn/efa002.jpg




NPC,Al






>IN













(selection) (crossover) (production)



GA Racer

B GA Racers [Demo for Al Game Programming Wisdo .. EJ

B GA Racers [Demo for Al Game Programming Wisdo...

Crossover  Selection Secale Elitism Scheme Niching Grossover Selection  Scale  Elitism  Scheme  Niching
e b4 b
el T e ] o 5
g v -5 I =
4 wr
) 7 F r
-]
¥y
e
s
-
/ N\ Lo
B - Show Fittest E ) gho iest
R — Reset F—FeSR p M,gp
F - Fast Render asfiKender . ;
Generation: 5 Generatipn: 70 LR g
Num Species: 0 Mum Spe b

Mat Buckland, ""Building Better Genetic Algorithm™, 11.4., Al Game Programming Wisdom 2
CD-ROM



NPC

NPC

0.3*

0.7*

OO @

—NMm



> W N

log (

/100 )



P OooO~NO Ol WwWDNPE

0.93
0.81
0.79
0.63
0.51
0.44
0.32
0.28
0.10
0.02

&

D) J

&

(offspring)

-)

[N
|z
O3
04
B3]
aa
|7
as
b
H10




(crossover)

[T
[T




10100101 010100010 | 101010 | 1010101

10110101 [910100010 | 101010 | 1010101

[123 84 56.7 [ 5.4] 2.0] 239

123 8] 56.7 03 [54] 20] 23.9




NPC




GA Racer

B GA Racers [Demo for Al Game Programming Wisdo .. EJ

B GA Racers [Demo for Al Game Programming Wisdo...

Crossover  Selection Secale Elitism Scheme Niching Grossover Selection  Scale  Elitism  Scheme  Niching
e b4 b
A% ! SEBEN
g v -5 I =
4 wr
"’;“3 'I'? ¥ 1
-]
¥y
e
s
-
/ N\ Lo
B - Show Fittest E ) gho iHest
R — Reset F—FeSR p M,gp
F - Fast Render asfiKender . ;
Generation: 5 Generatipn: 70 LR g
Num Species: 0 Num Spedies: [ 1.

Mat Buckland, ""Building Better Genetic Algorithm™, 11.4., Al Game Programming Wisdom 2
CD-ROM






MuuMuu,

http://www.muumuu.com/games/astro/

CEDEC2008 Al day

Enix, 1998

.



|
|
|

MuuMuu, Enix, 1998

http://www.muumuu.com/games/astro/







T—t iﬁ_q’li"-'l !ﬁ@i Z )

f / . B 'ﬁ\\
WRORI (KA / a‘“ s \
| 1 \

| par;
E: 2::?1%:! BFEOBEIE IIL\*‘E g . M E
xx‘x 'g '%/

pa ”! % / T~

T?ﬂ.ﬂ'-ﬂmm 5
:"H’F—Dﬂﬁ‘i
WH RN (R E R {;mur

x@a lﬁhﬂ{
\ ‘”& )

RUORE

#EST-08E @ —

,CEDEC2003
http [Iwww. muumuu com/CEDEC2003_ants/CEDEC2003_ants.htm



: |

: |




GA

NPC




trap fiel

d

NPC

o[=]>]]
[ lo]=

L lof=

LI e

|

L)

EEE

bonus=100
bonus=50

bonus=30

JEEE

bonuss=10

bonus=0

I

L

\*0.3

S=start,G=goal

*0.5

*0.5



———— — — — — —

(offspring)

3

[N
|z
O3
04
B3]
aa
|7
as
b
H10




(crossover)

[T
[T




10100101 010100010 | 101010 | 1010101

10110101

10100010 | 101010 | 1010101













>IN




NPC,Al












Katie Salen, Eric Zimmerman,” Rules of Play: Game Design
Fundamentals”, MIT Press, 2003

ok Ladiain | 10 Bl i s

Rules of Play

Game Design Fundamentals

Although the magic circle is merely one of the example in
Huuzinga’s list of “play-grounds”, the term is used here as
shorthand for the idea of a special place in time and space
created by a game.

In a vert basic sence, the magic circle of a game is

where the game takes place. To play a game means entering
into a magic circle, or perhaps creating one as a game begins.
(Unit 1: Core Concepts | The magic circle)
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Programming Tips for Game Programmer






L-system
[A, B]
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Perlin Noise

Perlin Noise, http://freespace.virgin.net/hugo.elias/models/m perlin.htm
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www.darwinia.co.uk

4) Independent game festival

Introversion Software, "Procedural Content Generation", GameCareerGuide.com, 2007

4gamers( ):http://www.4gamer.net/patch/demo/darwinia/darwinia.shtmi




(2)

(3)
4) Independent game festival

Introversion Software, "Procedural Content Generation", GameCareerGuide.com, 2007

4gamers( ):http://www.4gamer.net/patch/demo/darwinia/darwinia.shtmi
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