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Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 2005)
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Agent Architecture Considerations for Real-Time Planning in Games (AIIDE 2005)
http://web.media.mit.edu/~jorkin/AlIDEO5_Orkin Planning.ppt
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The Official Counter-Strike Bot by Michael Booth, Michael Booth on October 19, 2008
http://aigamedev.com/insider/presentation/official-counter-strike-bot/
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The Official Counter-Strike Bot
http://aigamedev.com/insider/article/official-counter-strike-bot/
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The Official Counter-Strike Bot by Michael Booth, Actual Player Position Changes
Michael Booth on October 19, 2008
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(o) Evolution of RTS Al
C f 2 / \ Bob Fitch, Blizzard
a r ra IS http://movingai.com/aiide11/speakers.html

http://movingai.com/aiide11/BlizzardAl.zip

4
’-‘f#ﬁ:& . Al Navigation: It's Not a Solved Problem - Yet
) RS . . o James Anhalt, Alexander Kring, Nathan Sturtevant
- g% . j_t /7-_y3 /)“‘Jyl Blizzard Entertainment, Nihilistic, University of Denver

- E B FAaRr—= AT 5 E|(Delaunay Triangulation) | fes/rormet A summ

http://www.gdcvault.com/play/1014514/Al-Navigation-It-s-Not
- AR 640004y 2 20004KHME F
- BIR9ICE B LARLY
Hﬁ/ﬂff?"(}uvll H+50FEEE): Kith, E. E)L. B4l

FAr—=AR5E

ZABDNEAICHD=FEDIREIEEFNENG FI DL
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Dragon Age M/\NAFRF

T

S EBRJVIR+TIRNSONTST(2KE)

-HERG:T)VR

- EAEY B

Gk < )=y <25 —
(ERENABREVRATL)

[Dragon Age](Bioware)|ZE(TH/X\REFE L AT L (E3) (y_miyake DT —LAIFEH —K)
http://blogai.igda.jp/article/29628420.html
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Havok Al

Havok Al

Navmesh B B4 A},
BEI T r—ay - Streaming&Stitching
BB ETE = ELE

~ Ed d at load
i Bl (FEE1E) S
Xz r=p == -
IIE % % 0) 'J:H % JA - Arbitrary section
% IE t )] E 1:% boundaries
- A* * A*won't cross edges of
unloaded sections

havi$x

 Merge non-adjacent edges ' Bake outline of rigid bodies into mesh
- Simplify borders, but preserve unwalkable areas ' Havok Physics interface, or can supply own shapes

After

havi@x

Finding Your Way with Havok Al (Presented by Havok),
Chris Elion, Brett Vickers (Havok, ArenaNet)
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
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Guild War 2(Havok Al)

Nav Mesh Simplification

Guild War 2

- —KZ%ELVYTNavmesh BE1& Rk
-BEgrI)r—iay

- BN E(RR)—225)

- B A 2 R
-FIMORNEE (A*)

- Raycast [Z{EFH

Seed Points

Finding Your Way with Havok Al (Presented by Havok),
Chris Elion, Brett Vickers (Havok, ArenaNet)
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok

Nav Mesh Simplification

Streamin



http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok
http://www.gdcvault.com/play/1014700/Finding-Your-Way-with-Havok

(1)
(2)

(3)

(4)
(5)

(6)

D
H X

I—2xobT7—FTIOFx

- HALO1,2 - F.E.A.R.
INABER QT ZA—23Y

- CounterStrike M/ \ARZER

- StarCraft 2 M/ AR ZEK

- Dragon Age M/NRRER (BBEBILETILET7URILTILIYRX L)

- Havok Al

- Guild War 2(Havok Al)

- Autodesk® Kynapse

- DOOM, Quake I'J—X M BSP(Binary Space Partitoning)> X7 /1s

- Insomniac ¥t Navigation Engine

- Crysis 2 DINTGAR) YT A—=30O RT L

- Killzone 2
ERIEERT1— 7\ (ValveTF FTEH)

- Left 4 Dead - Alien Swarm - Portal
ABAl (Left 4 Dead)
T —Tp )L
- Elite - CryEngine - Dunia Engine -Frostbite Engine
A& RAl
- The Sims



Autodesk® Kynapse® Kynapse Middleware: Pathfinding Data Structures,
from Multi-Core Generation to SPU Usage http://area.autodesk.com/gdc2011

Autodesk® Kynapse®
Kynapse $F{

- TS 2—FlHE R
- - dynamic avoidance,
dynamic reaction & &
- TR HI| (SPUZEE (3 IE)
- NavMesh W\ RA NS T TES

TL\%
-LAEFv XMIER
(Future)
T—37E, MF|T—2E L CELL

Pathdata generation and pathdata basics Data Parallelism

Graph Density The Cell partition - Floors

Greedy point
insertion.

edge length
heuristic.



http://area.autodesk.com/gdc2011
http://area.autodesk.com/gdc2011
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Autodesk® Kynapse®

Data Parallelism
The Cell partition - Floors

Kynapse $F{
- TS5 —H{EE A
- - dynamic avoidance,
dynamic reaction % &
- TR HI| (SPUZEE (3 IE)
- NavMesh W\ RA NS T TES
TL\%
-LAEFr AMIE A
(Future)
T—37E, MF|T—2E L CELL

Autodesk® Kynapse®

Kynapse Middleware: Pathfinding Data Structures,
from Multi-Core Generation to SPU Usage
http://area.autodesk.com/gdc2011

Data Parallelism

The Cell partition — data workflow

Chentinput File is @ dump of
everything that was
consumed, this allows a
perfect reproduction of a
generation that is independent
of the integration. This is very
handy for suppont
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DOOM, Quake ¥!)—X
(BSP, Binary Space Partitoning)

1,

BSP (Binary Space Partioning) ~
XvSHE—BH SZ
- XN SHEA— DR ELRE CV Wl

(Area Awareness System)

Motion Planning
http://intechweb.org/book.php?id=74&content=title&sid=1
22 Automated Static and Dynamic Obstacle Avoidance in Arbitrary 3D Polygonal

Worlds J.M.P. van Waveren and L.J.M. Rothkrantz

Figure 7. Top down view of one of the paths around the obstacles


http://intechweb.org/book.php?id=74&content=title&sid=1

Insomniac Navigation Engine

Ratchet and Clank: Deadlocked, PS2

Insomniac PathEngine %5 e
- XSO —HIEHETEDZNNRA AT L ey ¢
- - Steering & Behavior LN )L
- 71R1) 12— L R I] (Rachet and Clank:Deadloclked,PS2)
- PS3 ML FEEmFEAY A
- - Resistance: Fall of man Maya T

THAF—ER x A*7ITVX L " — Eg.,,_p,ff.,‘mh
- BREERRTEE NRAXvylazik) =

How Insomniac Ai uses nav

RN
el

game Al sets up NPC's nav requirements (e.g., Go-To Command)
nav: find path & smoothing
steering: find obstacles in way & avoid them

Resistance2: nav-mesh partitioning

« nav-mesh clustering

final position & orientation of NPC

Navigation in Insomniac Engine
http://www.insomniacgames.com/navigation-gdc11/
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Insomniac Navigation Engine

Insomniac PathEngine :ﬁﬁg{ Custom Links: dynamic cost modification
- Resisntace 2 :
-- PS3 (SPU) &1t

- NARZLY (FRYI/ER)

-- Shader Z{F > T/NAY AT LIBE

MayaF &N BEIE K., SHITTUAMLE
R~ B FE

Resistance 2: nav spu job in game-frame

frame begin
- Nav SPU Shaders

* pre-update gamepiay Why shaderize SPU code?

« read nav query results from previous frame, steering
« setup nav queries for next frame
nav spu driver

« animation SPU jobs added

« physics SPU jobs added
» nav SPU job added

« could have run anywhere after pre-update to next-frame’s pre-update
-update gameplay

shader0: find point on mesh

shader1: A* and smoothing

* sync animation SPU jobs
« sync physics SPU jobs
« post animation-physics gamepiay update

¥

*Renderer update
game frame

Navigation in Insomniac Engine
http://www.insomniacgames.com/navigation-gdc11/

shader2: find obstacles in each path

shader3: obstacle mesh interaction

shader4: flag path obstacle tangents
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Crysis2 D7 —A— 3>

Parametric Blending

Some Applications in Games

v v v

Parametric Interpolations Parametric Transitions | [ Parametric Layering

v v \ 4

i Predictable Interactive Animation

in
{l

<=0

o i T
Parametric Annpatlons

i | A
- _ - -

/ A A o
T

EACE7RIDFHE ENMET7DFIP T A—agvDRELE

(RA—5Y, T7 RSV

Ivo Herzeg (Crytek), CRYSIS 2: Getting More Interactivity out of Animation-Data
http://www.gdcvault.com/play/1014528/CRYSIS-2-Getting-More-Interactivity
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Crysis2 DTV —A—v 3

Animation vs Parametric Blending

N\ Pose-Blender
Blend-\\eight | BW erghttr® Motion =
Manipulation | BWeight! *Motioal Blended-Motions

| s soe of ¢ Landad -

| Input-parameters are the Blend- BWeaght2*Moton2 » P.’O;.‘(.‘i.t) of the Blended-Motion
Weights |0... 1] and they are . are unknown

| modified directly in game-code for

\ a few motions / BWeightd * Motion
. = 2

BWeight}* Motion

2 Pose-Blender )
Input-Parameters Parameterizer BWeighorasiond

| 4 - :
| Conversion of BWeght] *Mouon | Blended-Motions

> Parameters 10 Blend-Weights BWeght2*Motion2 * Properties of the Blended-Motion
BWeighty*Motion are identical with Input-Parameters

Coming from game-code
speed, turn, slope, direction,
aim-target, elc /' BWeights*Moton-

The 5 Features a Parameterizer must havé'!\

1.Accurate Parameter Mapping
2.Artist-Directed Blending
3.Continuous-Control
4.Runtime Efficient

— N — Wy r FfFict
'_O)%Bﬁ\b\:@jo 5.Memory Efficient

/ \05}954 \\_75‘\5% T:d—’*\%gﬁ:o Conclusion: if only one of these features is missing,

then it s very hard to use it in game-productions.
Ivo Herzeg (Crytek), CRYSIS 2: Getting More Interactivity out of Animation-Data
-More-Interactivit CRYT=K
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Killzone 2
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BAFEIT : Guerrilla Games

Hihi: SCE
Hardware: PS3
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Killzone 2 O)AI

Based on: Alex Champandard, Tim Verweij, Remco Straatman, "Killzone 2 Multiplayer Bots",
http://files.aigamedev.com/coverage/GAIC09 Killzone2Bots StraatmanChampandard.pdf



http://files.aigamedev.com/coverage/GAIC09_Killzone2Bots_StraatmanChampandard.pdf

Killzone 2 Al (RILFTLA¥—E—F)
(1) Killzone 2 DAIEZE
(2) Killzone 2 D7 B ENEEAT

Killzone 2 Multiplayer Bots

)

Alex Champandard - AiGameDev.com
Tim Verweij - Guerrilla
Remco Straatman - Guerrilla

Game Al Conference, Paris, June 2009 KILLZ(]NE"‘



Killzone 2 Screen




Killzone 2 Al (RILFTLA¥Y—E—F)
(1) Killzone 2 MAIEZE
(2) Killzone 2 D7 B ENEEAT

Scope

2

Killzone 2 / PS3

* Max 32 players

* Team-based game modes

* Multiple game modes on one map

* Players unlock / mix “badge abilities”

* Offline (1 human player & bots)
* Online (human players & bots)

m
C
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k
m |
}
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KILLZONE



Killzone2 Al
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Architecture

Strateqgy Al - ISA




Killzone2 Al

Architecture

Strategy Al
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Individual Al

HTN Planner

m " daemons *M ‘@ M
Messages @
Threats

Fy

perception Controller




HTN (Hierarchical Task Network)

(transport-two pl p2)

(package pl)
(package p2)
{transpc:rt pl) {transport pl)

(at pl 11) (at p2 12}
{destlnatmn pl 13} [destlnatmn p2 14 —_—
(available-truck t1) {avallable truck t2) Task /1'77f—0)

— HACLo>TEIISHh S
> BN >
(return t1 11) \ \

{return t2 12)

(dispatch t1 11}

(dispatch t2 12)

(load t2,p2)

(load t1 pl1)
—-» > (move t1 11 13)|} —P

(move t2 12 14)| / »
(reserve t1) (reserve t2) (free t1) / (free t2)

(move t1 home I1) (move t2 home 12)| [ (move t1 13 home) (move t2 |4 home)

Figure 2: A plan for accomplisitimz—{transp > following initial state:
{(package pl), (at pl I1), (destination pl 13), (available-truck t1), (at t1 home),
(package p2), (at p2 12), (destination p2 14), (available-truck t2), (at t2 home)}.

Dana Nau et al., “SHOP2: An HTN Planning System”,
Journal of Artificial Intelligence Research 20 (2003) 379-404
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Squad Al @
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Killzone2 [ZH 1T HAHTNKRET

Individual Al : Random Numbers

Individual bot domain
360 methods
1048 branches
138 behaviors

147 continue branches

During multiplayer game (14 bots / max. 10 turrets / max. 6 drones / squads)
Approx. 500 plans generated per second
Approx. 8000 decompositions per second
Avg. 15 decompositions per planning.
Approx 24000 branch evaluations per second.
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Squad Al

(:method (order_member_defend ?inp_member ?inp_id ?inp_level ?inp_marker ?inp_context_hint)
(branch_advance
()
( (forget member _status ?inp_member **)
('remember - member status ?inp member ordered to defend 7inp id)
(start_command_sequence ?inp_member ?inp level 1)
(do_announce_destination_waypoint_to_member ?inp_member)
(lorder ?inp_member clear _area filter)
(Yorder ?inp_member
set_area_restrictions (call find_areas_to_wp ?inp_member (call get_entity_wp ?
inp_marker)))
(Yorder custom ?inp member move to defend ?inp marker ?inp context hint)
('order_custom 7inp_ member send_member_message custom completed defend 7
inp_id)
(order_set defend_area_restriction ?inp_member (call get_entity _area ?inp_marker))
(!order_custom 7inp_member defend marker 7inp_marker 7inp _context _hint)
(Yend_command_sequence ?inp_member)




Squad Al

(:method (order_member_defend ?inp_member ?inp_id ?inp_level ?inp_marker ?inp_context_hint)
(branch_advance
()
( (forget member _status ?inp_member **)
('remember - member status ?inp member ordered to defend 7inp id)
(!start command sequence ?inp_member ?inp level 1)
(do_announce_destination_waypoint_to_member ?inp_member)

(torder ?inp_member clear _area filter) N
(Yorder ?inp_member TI~me
set_area_restrictions (call find_areas_to_wp ?inp_member (call get_entity_wp ?
inp_marker)))
(Yorder custom ?inp member move to defend ?inp marker ?inp context hint)
('order_custom 7inp_ member send_member_message custom completed defend 7
inp_id)
Order_set_defend area restriction 7iip_member (Call get_entity_area 7inp_marker
(!order_custom 7inp_member defend marker 7inp_marker 7inp _context _hint)
(Yend_command_sequence ?inp_member)
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Search and Retrieve

~

advance
attack
escort
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AAvEzE B I C TERIICIE R

HRNRENIE
. R DD T E
Search and Retrieve NS RAYRER .
. E&L\lit 5 3 Y
WEXNR ., EHXRIE ARYRISH R E
45— LR TEIMIZRE y FYSTH.

advance
attack

e | REIDD
REHLOTULVS

=D
RFE-OTULVNS

Paris Game Al Conference, 2009. KII_LZ[]NEN




Killzone 2 Al (RIILFT LAY —E—NK)

(1) Killzone 2 @) AIER
(2) Killzone 2 D7 B ENERAT




K& P

AIDERIRA- EGHEMIC, BRGHT —FREEHFAT S
A BLHRYTH-TEH, AIDITEIRRICISCTT —3RBEE N,

H T EE -

DA RAk

IZ, 9T ICBEALTIREN T—2E B ILTHLZE(HARIT)



KillzonelZHIT5HT VT

AIDERIRA- EGHEMIC, BRGHT —FREEHFAT S
A BLHRYTH-TEH, AIDITEIRRICISCTT —3RBEE N,

H T EE

DA RAk

IZ, 9T ICBEALTIREN T—2E B ILTHLZE(HARIT)



YIRS 0%EY -0

Strategic Graph

Paris Game Al Conference, 2009. KILLZ()NE"‘
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Waypoint Network

Paris Game Al Conference, 2009. KILLZ(]NE”
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Waypoint Areas

Paris Game Al Conference, 2009. KILLZ(]NE“‘
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Strategic Graph

Paris Game Al Conference, 2009. KII_I_Z[)NEm
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Strategic Graph

Paris Game Al Conference, 2009.
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Crime = Pop. Density”2 - Land Value - Police Effect

Land Value = Distance[Zonetype] + Terrain + Transport

“Al: A Desing Perspective” AIIDE 2005 ZE £ A)I|ZE[E, 1990
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Strategic Pathfinding Costs

Paris Game Al Conference, 2009. KILLZ[)NEW
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Strategic Pathfinder
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Strategic Pathfinder
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Mike Ambinder. March 2011. "Biofeedback in Gameplay: How Valve Measures
Physiology to Enhance Gaming Experience." Game Developers Conference.
http://www.valvesoftware.com/company/publications.htmi
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Michael Booth, "Replayable Cooperative Game Design: Left 4 Dead," Game Developer's Conference, March 2009

http://www.valvesoftware.com/publications.html
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Michael Booth, "Replayable Cooperative Game Design: Left 4 Dead," Game Developer's Conference, March 2009
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AAS(Active Area Set = T LAY —1=BH 558 F10)%
RELILAV—DRRETRTS

» “Flow Distance”
e Travel distance from the -~y

starting safe room to each
area in the navigation mesh

¢ Following increasing flow A\)-I—>—|->/
gradient always takes you to B }

k 4

the exit room o

e “Escape Route” = shortest =7
path from start safe room to
exit

e Used as a metric for
populating enemies and loot,
and for answering questions

such as "is this spot ahead or ¥ \
behind the Survivor group”
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BBC Micro

- Acorn Computer

-1981-1986 A X)) XA TRE—HR/\vyaY

- FREBEMELTRIIZIND S

- 2Mhz MOS 6502 (32K RAM )

- BBCBASIC (7 7 JIEHFEYFEHLEMNIED L)
- BASIC A3 T)ADMES

- TAJAZB ALK

- XFH K80 x 32 fR{RE (5RK)640 X 256

- B3 =K 8

http://ja.wikipedia.org/wiki/BBC Micro
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DATA OH OHNTIMAXE

GALACTIC CHART 1

DPDistance: 25.6 Light ¥Years
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Government :Democracy
Tech.Level: 7
Population:3.5 Billion

(Human Colonials)

Gross Productivity:168680 M CR
Average Radius: 6748 kmn

ONTIMAXE
Distance: 25.6 Light VYears

The History of Elite: Space, the Endless Frontier (Gamasutra)
http://www.gamasutra.com/view/feature/3983/the history of elite space the .php
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Far Cry(Crytek & Ubisoft) frostbite

Rendering Architecture and

Real-time Procedural Shading & Texturing Techniques

Johan Andersson, Renderng Architect, DICE

Frostbite Engine |

Jtt HEBattlefiled BT

Practical Example: Mountains Generation
and Realistic Snow Accumulation

CryEngine 2.0

K it X Battlefield>') —X B LY Frostbite (4gamers)
http://swww.4gamer.net/news/history/2007.03/20070308211803detail.htm]

http://www.crvtek.com/technologyv/crvengine-2/specifications/

er.amd.com/assets/Andersson-Tatarchuk-FrostbiteRenderingArchitecture(GDC07_AMD_Session).pdf
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L Procedural Vertex Animation

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 CrvEngine2(Siggraph07).pdf




BLIZEEN S Fx in Crysis

E 2K (eaves)

, http:/ !\ md com/dev: lobasd:: 2007 Mittning-Finding \h:xt(:cn CnE_g_c-(Sixgr ph07)pdf

£ {K(entire) Z= (leaf)
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Finding Next Gen CryEngin
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www.two-kings.del.../dxgraphics10.html Precomputed ambient occlusion




BZHEMN S FF in Crysis
D ZOBRKIZHTHEOMDRBEDHRERLEDED




BLIZEEN S FE in Crysis
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Procedural Vegetation ===
Animation in Cr SIS

"Chanter 16: Veoetation Procedural Animation and Shadine 1
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BEIERK
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FarCry2 (Dunia Engine ) 7€

http://www.farcry2-hqg.com/downloads,18,dunia-engine-nrl.htm
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. /%)

B F B | BRI AT L

BHXRIXD AT L

HERIES 27 L


http://www.farcry2-hq.com/downloads,18,dunia-engine-nr1.htm
http://www.farcry2-hq.com/downloads,18,dunia-engine-nr1.htm
http://www.farcry2-hq.com/downloads,18,dunia-engine-nr1.htm
http://www.farcry2-hq.com/downloads,18,dunia-engine-nr1.htm
http://www.farcry2-hq.com/downloads,18,dunia-engine-nr1.htm
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frostbite

Rendering Architecture and

Real-time Procedural Shading & Texturing Techniques

Frostbite Engine
D ATPzHIRER

(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 “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 Dav).pdf

SIGGRAPH 2007 Johan Andersson “Terrain Rendering in Frostbite using Procedural Shader Splatting”
http://ati.amd.com/developer/gdc/2007/Andersson-TerrainRendering(Siggraph07).pdf




Semi-procedural Surface Shader
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File Yiew Edit Tocs Window Help

"~
Simple View ~ (] [ AlCsord

Mo Fiker -

471 US_D2_Mesh_Straps ~
A7) US_D2_Mesh_Strans_Eump
A7) US_D2_Mesh_Visor

A7) US_03_Mesh_AlceBackpack
71 US_D3_Mesh_Amstandard
7] US_D3_Mesh_beard

71 US_D3_Mesh_Boots /BCsod
7,1 US_D3_Mesh_Buckles &
7] US_D3_Mesh_eyebal
751 US_D3_Mesh_Evelashes
A7, U5_03_Mesh_Face
AT,_| Us_D3_Mesh_Ghves
A7 LIS_D3_Mesh_Headgear

—ampu) gutgF—————
Oinpu2

9 Zoom: - [B]r
|J Datzbase Exrlorer v 23X 2US_D3 Mesh Pace 7 ]US_03 Mosh_MOLLE® | 7Clcthing? |
) Detabase |2 b ® S

N———OCoe!  OutB—Tinpat  Cut:
[ Rormai= I8

Type: InstanceS hadeNode

| Us_D3_Mesh_Kits o . DdiphahCalomapEnable
A7) US_N3_Mesh_LegStandard etk Oar——————— Hgfno
Q}}_‘ US_D3_Mesh_MetalRing JenCowds 3 -
~T5) US_D3_Mesh_MOLLE S 0OCwd it
8 us ¥ Oled DFesndlBias
71 US_D3_Mesh_Pads = X BResndEsmement
7] US_03 Mesh _Pouches Nor
A7) US_03_Mesh_Straps OhormaiBland
A5 D8 tesh e, . ONorma Detal
< | > ———————————————WCedusion
3 Minow | 8 Bchacis
| | Database Esipl 4aTerrain cortrol panel | //
5 Properties vax //
= \ Vil /S
BB E A s [0 = /
& o
s & operaut g b—— “-gceon onn’
AlphalrColormapenable ] Qbefaut it Oled
Camo Wosjosin,s v texCowdd |
Caior 1111 v
Deral Wosiosis v
Dirt i v
FresnelBias 0,1
FresnelExpenent 2
Hormal Moop v T —
Hormallend 0,5 owE
NormalDetai Moo v = =
occlusion O v [@lalw|w]=x|m
Opadty L b 7Upuéce1nde:<(): 00:00:00. 1249968
roughness 0,7 i OpenIndex () : 00:00:08.2029150
Specular Woo0si0,800,08 v o Partition 'Characters/Us/US_Modsls/Shadexs/US_03 Mesh MOLLI' modified.

eee

Fartition 'Characters/US/US_Modsls/Shaders/US_03_Mesh MOLLI' saved
Tartition 'Charactars/US/US Modals/Shadays/US_02_Mazh MOLLY' nodifiad

oA AH T EE/—F

EAEE (mul, add, div)

iz &4 (Fresnel, refrection)
ASAI (TSR TA—LIEE)
INGA—=B(RANT, RFKJL, T—)L)

INSA—4(Z,Normal, eye-vector)
4,2 % (phong, sub-surface)
JL—(general, offset, multi-output)
Z Dt (script, curve)

Olnputl  Outdl
Olnput2

. Outd
TestColor

arPc Outd

Oxenon

opPs3
OMormal Diffusel
OSpeculariFower  Speculardl

Ouwn

OColar
OColor2
OColor3
OColord
O0pacity

OAmplitude Outd
O avelenath
OPhase

Texture: Color_Grass_01
Inputame: tex ComCaord Out
ODefault Outd” OLad

texCoord0 |

float3 lum = float3(0.Z99f, D_S87f, 0.114f);
£loat3 = = saturation;

£loac3x3 m;

w[0] = flost3((l.0f-s.x)*lum.x + =.x, (l.0f-=.¥)"lum.x,
m[l] = flost3((l.0f-s.x)*Llum.y, (l.0f-=.y)"lum.y + 5.7
w[2] = flost3((l.0f-s.x)*lum.z, (1.0f-=.y) "lum.z,
return mul{color, )

< >
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Semi-procedural Surface Shader 45l
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Semi-procedural Surface Shader 45l
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Terrain Rendering in Frostbite Using Procedural Shader Splatting, Johan Andersson
://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E186596CO09CCBE696BD79A02DBA080CC?d0i=10.1.1.161.8979&re



http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E186596C09CC8E696BD79A02DBA080CC?doi=10.1.1.161.8979&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E186596C09CC8E696BD79A02DBA080CC?doi=10.1.1.161.8979&rep=rep1&type=pdf
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Displacement map TLUAR4E A%
- &L# & fBM (fractal Brownian Motion)

NET—5F —

Snow Coverage

= Snow coverage determined procedurally
= Artists paint slope’s control points as vertex colors
= Slope used for smoothstep to define snow masks

& Mask 2: smoothstep based on normal map’s y component

% Mask 1: smoothstep based on geometric normal’s y component

5 Final snow coverage mask = Mask1 * Mask2

-y T D/ =TIy T
INTRYTD/—<ILyT
M5 Snow Coverage it &

The Importance of Being Noisy:Fast, High Quality Noise, Natalya Tatarchuk
http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf



http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf
http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf
http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf
http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf
http://developer.amd.com/assets/Tatarchuk-Noise(GDC07-D3D_Day).pdf

FrostBite Al (Battlefield: BC2)

AN U BN DTN

AT O—NILIYTZRBETH-HDEHRKRE B RA DAV N—DDDEBEAEELT,

ForaIx

BiI#R (Frontline, 2D oMM BZE#&EH)

Building the Battlefield Al Experience
Conference: Game Al Conference 2010
://publications.dice.se/publications.asp?show_category=yes&which_category=Engineerin

INNARREMETANERAEHETIRNSZE
M TEHRA &R



http://publications.dice.se/publications.asp?show_category=yes&which_category=Engineering
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BAF IT : Maxis

HihfR: EA

Hardware: PC % &

HEREE: 20004 ~ (20044 [ZFESES 1= The Sims 2 [ 130075 &)

10 &% Z 1= The Sims Z#& Y& % (4gamers)
http://www.4gamer.net/games/036/G003691/20100205014/



http://www.4gamer.net/games/036/G003691/20100205014/
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The Sims < ') - X 0) ,AIO)ﬂE U 77—

Meta

[[RAI] BEORRIZHT S, HoWHARELITEIMN D,
Happiness Z#Zz R KILTH1TEZRIRT S,

Meta L] ims (not under direct player control) choose what to do by selecting, from all of the

Peer [ | possible behaviors in all of the objects, the behavior that maximizes their current
happiness.

Sub mm ANEZAFIHR(NER. BULHIEOHEH ) ELTHM T,
HARAEFNT PeecrAl=F 59459 —Al) ZHEE,
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Ken Forbus, “Simulation and Modeling: Under the hood of The Sims” (NorthWerstern K=, ZE&EE#)
http://www.cs.northwestern.edu/%7Eforbus/c95-gd/lectures/The_Sims_Under the Hood files/frame.htm
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Ken Forbus, “Simulation and Modeling: Under the hood of The Sims” (NorthWerstern K%, E&Z & #1)
http://www.cs.northwestern.edu/%7Eforbus/c95-gd/lectures/The Sims Under the Hood files/frame htm
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X_ Hunger

0 | +100
-80 60

W HungerfE8 %
-SODFFNDEBEAK = W_Hunger(-80)*(-80)
0D FFDBEACK = W_Hunger(60)*(60)

A (Z{E4) =W Hunger(60)*(60) - W_Hunger(-80)*(-80)
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A (-80 — 60) =W _ Hunger(60)*(60) - W_Hunger(-80)*(-80)
A (60—90) =W Hunger(90)*(80) - W_Hunger(90)*(60)
A (-80 — 60) DAND A(60—90) KYUEFIRIIZKELY

DOIEEH SN LDEH/ =T LY,
SR LNEDEDBIEEH T TOAKELHEEZL/ 56T



Mood Z& K1k

-

')
+hunger +social

MEENRUVLEICMoodz LRI HM5



Mood Za X1t

ABENTEED,



Mood Z& K1t

+fun - playful

+fun - serious

BENENT-DT, ber2EREZND, BDFEELFET,



10 &% Z 1= The Sims Z#& Y& % (4gamers)
http://www.4gamer.net/games/036/G003691/20100205014/
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The Sims: Medieval

Implementation: Schedules

Create
[

Scheduleclient calls AddScheduleByTag()
on SimDescription

SimDescription caches the schedule data
from the SimSchedulersingleton

SimDescription calls AddSim() on
ScheduledSimManagersingleton

ScheduledSimManagercreates a
ScheduledSimobject

Eachtick, ScheduledSimManageriterates
over all ScheduledSim’s and submits low-
priority bouncer requests for any who are

ScheduledSim

ScheduledSimManager

SimScheduler

get schedule

Request()
eleren
A

dedl

SimRequest
Simj)
SimDescription
datal

AddSchaduleByTag()
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