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how the body shapes
the way we think

a new view of intelligence

Fermwodd by Bodney Rioois

How the Body Shapes the Way We Think:
A New View of Intelligence
Rodney Brooks (I&LHVE), Rolf Pfeifer (), Josh Bongard (%), Simon Grand (Z7%8), Shun Iwasaka (15X k)
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Integrating

Al and Animation b\ f?

Alex J. Champandard
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request handle
status

http://aigamedev.com/
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_ REALESI 3V LGNS
Runtime Animatio |)7)|,9,(A T A—S a8

and Character Physics
with Morpheme 2.0 NaturalMOtion

AFSMEZ & 5ERR
Q@7 =A—3>-TLUK
CLLFEDERTE
QFEEETILOGUIIZEL
BHARRAIARX

http://www.naturalmotion.com/morpheme.htm
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Character Pathfinding / \OZ 7 7 ,r > 7_-\\4 > 7\\ 0) EE é ( Eiﬁ

And Animation:
How to Make Them =\
Work Together . . . . =
Pierre Pontevia, Senior Dlrectorqﬁ bduct Development, Autodesk

Robert Lanciault, Senior Product Engineer, Autodesk

INGAN) YOI E— AV DER AE—RPREFEELI-E—1avDELE
BELI=/NADAERL

http://usa.autodesk.com/adsk/servlet/index?siteID=123112&1d=12281405




KRIFALT AT DRAE (&
Character Pathfinding 7 7 ‘/ ,r / Fﬂ = |:|I
And Animation: -
How to Make Them . ) . ) EA )
Work Together Pierre Pontevia, Senior DirectoiffiBAoduct Development, Autodesk
Robert Lanciault, Senior Product Engineer, Autodesk

Pathfinding
—Path Smoothing
— Dynamic Avoidance

TEL—E




Creating a Great MMO: \
—y, N —
3 / 26 How Mythic Entertainment —y I\ ) L I ’ I F ' I é
Solved Production Challenges -~ S—
using Autodesk Kynapse — y 7]
Middleware and 3ds Max # V 9 — I ﬁ 0) 2y
On WARHAMMER ONLINE: j L'I: Y/
AGE OF RECKONING
Spatial Graph

Kynapse paths all NPCs(Non Player
Characters)

Kynapse runtime runs on the game
server.

Pathing is generated from the same
collision data as used on the client.
Our goal, NPCs can move and behave

equal to the players.

Al Mesh

= cesenee
- o e
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Creating a Great MMO:
How Mythic Entertainment
Solved Production Challenges
using Autodesk Kynapse
Middleware and 3ds Max

On WARHAMMER ONLINE:

AGE OF RECKONING

SNILYTTIZLD
T 203 —Hl{EH D fE R

~ MR

Pathing still takes time or how Kynapse
reduced global warming

Qur old pathing system
would literally take a day or

—
- \ N

more to path a zone.
Kynapse, with its distribut

generation allows us to
repath a zone in minutes.

Expect to dedicate some
machines to this...

OOV ETILOSDIINAT—20D BB AL
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On the War Path:
Tactical Al
in DAWN OF WAR 2

O ZEfE

HDAIDEBD AV ANFTHELY

Predictive A* Refinements

Head en collision = Repath around impact

Predictive A* Refinements

Problem

@ HFfEIRY

'y Fallback~ bump & repath D AIAE > THSITL

Predictive A* Refinements

Predicting Collision

BEHDODAID/INADEZED




DAWN OF WAR 2DALDEHL
BAIAR—RINR

Melee Requirements

« Handle 100 units in a pile
» Widely varying sizes
» Handle dynamic battlefield

« Cinematic melee look:
Braveheart not Renfest




DAWN OF WAR 2DALDEHL
BRAIAR—RINR

Problem: Unit Overlap

» Tabletop solution

» Consider ring base
in A* search

» Only accept goal
cells where rings
exactly touch

Unit Overlap

» Lots of benefits...

» Exact distance for animators

« Extra room between units to increase
mobility of other unit
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Problem: Group Overlap

Problem: Group Overlap

. Decide whether to re-move based on
current overlap and priority
- In A* search, only accept goal cells with no

« Multiple units attacking a single target
bump and overlap
« Fix: Enforce circular bases between units

overlap
- Only perform fancier steps when near
enough melee target to matter

with the same target

& o

!"‘-&.
3
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Behavior Tree

State-Based Scripting From the Ground Up:
in UNCHARTED: Al Architecture
DRAKE’S FORTUNE and Design Patterns
and UNCHARTED 2: (Gran Theft Auto)

AMONG THIEVES T
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gﬁﬂ From 4 ﬁfﬁ/:até
COUNTER-STRIKE
to LEFT 4 DEAD:
Creating Replayable
Cooperative Experiences

1EH7T0o5

From the Ground Up:
Al Architecture
and Design Patterns
(Gran Theft Auto)

State-Based Scripting
in UNCHARTED:
DRAKE’S FORTUNE
and UNCHARTED 2:
AMONG THIEVES

T—HZkB
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COUNTER-STRIKE
to LEFT 4 DEAD:
Creating Replayable
Cooperative Experiences

From the Ground Up:
Al Architecture
and Design Patterns
(Gran Theft Auto)

G

State-Based Scripting
in UNCHARTED:
DRAKE’S FORTUNE
and UNCHARTED 2:
AMONG THIEVES
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State-Based Scripting
in UNCHARTED:
DRAKE’S FORTUNE
and UNCHARTED 2:
AMONG THIEVES

* A state script is comprised of:

* attributes
= states
* State

* natural behavior over time (update event)

* transitional actions between states (begin/end events

F—LATOTIRO O
RIZERYATULNV=RAD) Tk

s define object’s behavior via runtime script
® response to events

Ao

code:

TMEREEE
ATFZIF TG T —

State A

|
On Update

On Eventl

IUGHT Yz

Instantiating 2'State Seript

* Attached to a native (C++) game
-

object;
designers extend or modify native
C++ object type

* define entirely new object types

* Attached to a trigger region:
= convex volume

= detects enter, exit and occupancy

DOG

[ e

—JU



Unrel Script vs Uncharted Script

o l J ( h(] “ ( J

ass hierarchy:

: " relatively shallow, single-root
* UnrealScript tightly integrated with C+4 object model

* host of add-on components
* Single-root class hierarchy with some add-on components

* Classes defined in UnrealS fipt (.uc)
* C++ header file (.h) automatic ally generated

* Implementation in C++ or entirely in UnrealSe fipt .

-!-D
' <
MAUGH T Yall + + ¢

Unreal [CHDA TV HOREVNSEKRTA I VI MER]
ATk
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Instantiating State Scripts

* Placed as stand-alone object:

State Script 3 " “director” orchestrates actions of
(stand-alone) other objects (e.g. IGC)

, * Associated with a task:
<

= task = check point

= script manages associated task

* orchestrates Al encounters
m State Script 4 = controls player objectives
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Cooperative Experiences T: < é AJ EE $ 75§ % 6 (Left 4 Dead Al Directer)

Left 4 Dead

AUZEDTUOUTIILERIVFILAN—T —LDAN_HORERET S
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Al Architecture

and Design Patterns
(Gran Theft Auto) E I:JI%‘I E/‘J 7"~ A I

Behaviour Trees

Finite State Machines

,GEt Q_biegt__ | Decorators

o~ selection - “Gime

?
B uy ___| }i“o_\'TE d_‘

‘ Create N
Low Dy LG A
money? 7(3_ei/laterial__u . C;I: , [j_é‘ia_‘___:
Sequencing i / Thief

Preconditions

workarounds
» Don't scale well

~ il ——— *—A*ﬁ
Gpto_S&Jl’E J [@e MaterialJ

Actions

Alsummit
GDC 2009

FSMIS KB IZTEHD TXOHT=  Behavior Trees ZFEFHLT=
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Behavior Tree &&= #Y
B

v

MARPO

‘Get Object | Thief class? Long term Reactive Immediate

Not enough monez/ 'Money? '{hlewng allowed? Get Object Ki” E_nemy

Create Buy SICE] e ;s
: Create Gain Distance |

— e ————
Get Material
h Get Material

Goto Source | Take Material Take Material

&se 55 ; A 5
GDC 2009 GAME GOC 2005 - Eoh

Behavior Tree Hh 5 —D—D2%Od—)LIEMKIC
Long Term7 J %R E EIRIT S
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MARPO

Behavioural Bamboo Forest
_ Stack based tasks

Suppression model
_ Multiple threads of execution
Keeps only one stack in memory down to current task

_ Decision logic lies with the parent
Higher level parameterised building blocks

_ Authoring is by script not tool.

Winding Ability
_ Allows auto-recovery from any state
— Respects script orders on an immediate basis

. QN
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Parallelism in Al:

Multithreading Strategies
and Opportunities for I 'I i
Multi-core Architectures / Y, Ll\

Architecturés
. Avoid ::malloc and ::new

. Heterogeneous

e _- _ Implemented with locks
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