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Mat Buckland

H(t) = 0.8 * ((1-

Mat Buckland
http://www.oreilly.co.jp/books/9784873113395/




Chromehounds (Fromsoftware, Xbox360,2006)

Chrome Hounds
http://www.geocities.jp/mnagaku2000/igda/gate.html?gameai3.zip




Breaking
the Cookie-Cutter:
Modeling Individual
Personality,
Mood, and Emotion
in Characters

Trait ...
Wish ...

The Sims 3 (Maxis, EA)

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

GDCO09

http://cmpmedia.vo.llnwd.net/o1/vault/gdc09/slides/Combined.ppt




The Sims

Spore

DIGRA Japan
http://www.igda.jp/modules/mydownloads/visit.php?cid=2&lid=77




The Sims

Meta
Happiness
Meta I direct player control) choose what to do by selecting, from all of the possible
Peer | | behaviors in all of the objects, the behavior that maximizes their current happiness.
Sub

PeerAl(= )



Ken Forbus, “Simulation and Modeling: Under the hood of The Sims” (NorthWerstern )
http://www.cs.northwestern.edu/%7Eforbus/c95-qgd/lectures/The Sims Under the Hood files/frame.htm




Person

INTF
Ken Forbus, “Simulation and Modeling: Under the hood of The Sims” (NorthWerstern )
http://www.cs.northwestern.edu/%7Eforbus/c95-gd/lectures/The Sims Under the Hood files/frame.htm
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[ ]
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+fun - playful

+fun - serious




The Sims

Spore

DIGRA Japan
http://www.igda.jp/modules/mydownloads/visit.php?cid=2&lid=77




The Sims 3

Menu  Add Motive

Remaoswe Mative

Capy M

” A
= .
InteraciionBrowses

|Dut7(t[ﬁommodit_l,l __:j

|tlaitper’ec

Search

Batch Edit

I{teraction

\ | fibject

Checks

J Output

Clutput

Cutput

J Oy ~

hative ]

Interizity

| Initialhir

Bladder

Bladder age: Tod...
Bladder age; Baby
Bladder age; Elder
Hunger

Hunger age: Tod...
Hunager age: Baby

Energy

Energy age: Baby

Energy age: Tod...
Fun

Hyagiene

Hyaiene age: Baby
Hygiene age: To...
ok

GoHome

Social

Social age: Baby
Carial ame Taddlar
«

4000
4000
4000
4000
10000
10000
10000
4000
4000
4000
1250
700
5000
5000
1000
1]
400

600
(=l

75
75
95
90
1]
0
1]
a3
83
83
o
20
80
20
1]
1]
95

95
ar

W Universal
i~ Initial Walue

[ Insatiatle

" From Auto-Satisfy Curve

{* Fixed

Mir: | 300

ibakinglish_Cleanllp

\ [Eakinglizh

¢ Inappropnatef. ..

TraitPerfectionizt [200/2...

Dirtiness [10/0 flow)

Traitheat [200,/200 delta)

Betdad [20

adhiakeBed

CleanB athtub
CleanCut
CleanShower
CleanSink
CleanUpCake
CleanUp
CleanUp
Cleanup
CleanUp
CleanUp
Clean
Clean
Clean
Cuttingbioard_CleanUp
DizpozeleadPlant
Dispozelutzide
DisposeTrash
EmptyTrazh
E rnpty

oodTray Cleanlp

Bookzhelf_PutdlB ookssway

Bed

Brook shelf

B athtub
FishBowlBaze
Shower

Sink

Cleanl
AshPile
BarTray

B LiffetT able
FichicBasket
Trazhcan
Counter
HighChair
Toilet
CuttingB oard
Flant
TrazhPFile
TrazhPile
Trashcanindoor
FottyChair
FoodTray

4
!
¢
i
i
:
¢
i
!
!
¢
i
i
:
¢
i
L
i
¢
£

&l
&l

|nappropriateF ...
|nappropriateF .
|nappropriateF ...
|nappropriateF ...
nappropriatef .
napproprateF...
nappropriatef
InappropriateF .
InappropriateF ...
InappropriateF .
nappropriatef...
nappropriateF .
nappropriateF .
|nappropriateF. ..

&l
&l
All

|nappropriateF .
' InappropriateF. .
InappropriateF ...

TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2..
TraitPerfectionist [200/2....
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionist [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionizt [200/2...
TraitPerfectionist [200/2...
TraitPerf?ctinnisl [200/2.

\

Traitheat [200/200 delta)
Traitheat [200/200 delta)
Traitheat (200,200 delta)
Dittiness [30/0 delta)
Hyaiene [0/-20 fow]
Traitheat (200,200 delta)
Traitheat [200/200 delta)
Traitheat (200,200 delta)
Traitheat [200/200 delta)
Dirtiness [20/0 flow)
Fur [-104-10 Fla)
Traitheat [200/200 delta)
TraitNeat [200/200 delta)
Traitheat [200/200 delta)
Traitheat [200/200 delta)
Diirtiness [10/0 flow)

TraitGreenT humb (2007

Hygiene [-25/-25 flow)
Hygizne [-25/-25 flow)
Dittiness [20/0 flaw)
Dirtiness [20/0 flow)
Dirtiness 11040 flaw]

Bebdaid [200/200 fow)
Bebdaid [200/200 flow]
Fun [0/-20 flaw)
Traithleat [200/200 delta)
Traitheat [200/200 delta)
Fun [0/-20 flaw)
Dirtiness [20/0 o]
Hygiene [0/-10 flow)
Dirtiness [20/0 How]
Traitheat [200/200 delta]
Traitheat (200,200 delta)
Hyaigne [0/-25 flaw]
Fun [0/-20 flow]
Dirtiness [20/0 How]
Fun [0/-20 flow]
Traitheat (200,200 delta)
SkillGardening [200/0 flaw)
Traiteat [200/200 delta]
Traitheat (200,200 delta)
Traithleat [200/200 delta)
Traitheat (200,200 delta)
TraitMeat [200/200 delta]

Hygiene [1
Betdaid (20
Fun [0/
Hygiene (1
Fun [0/
Dirtiness [
Betdaid (20
FrepareForP:
Betdaid (20—
Dirtiness [
Hyaiene 1
Betdaid (20
Hyaiene [1
Betdaid [2C
Traitheat [:
Dirtiness [
Dirtiness [
TraitF amilyOri
Betdaid (20
Bebdaid (20T
3

\/. i

Bladder Auto Satisfy

GDCO09

Bladder Desire
4000

Bladder Mood Contribution

100

http://cmpmedia.vo.llnwd.net/o1/vault/gdc09/slides/Combined.ppt




Spore(Maxis, EA, 2008)
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Sims Engine
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Beyond Behavior:
An Introduction to
Knowledge Representation

n
Knowledge Represent atio
of time on what our Als do

Wi _r,];.qnlﬂ alot
time on what they know

but very little

One of the great neglected problems of [game] Al

» Knowledge?’

«gehavioral

aral k I"Ill:.‘-'n-'-'JE"j e

i Eir'r;:a"-'p
Wheen to run aWay,
shoot, when to

lgtt, &t
v an ant "know”
where the anthill is?

« State Knowledge
What is true about the
world

 E—




Beyond Behavior:
An Introduction to
Knowledge Representation

rhe Point of KR Agent

GDC09 http://cmpmedia.vo.llnwd.net/o1/vault/




3 Key Concepts

« Confidence

Howsure am linthe knowledge | have?

= Salience
How important is the sensory data I'm getting?

» Prediction

What do believe will happen given what |
s e ppeng at I've seen and




Target

Allows Al
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5 _._._ i Lf '|'I| L:Ir':"
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3 (XY P
she ot 0.9 mistakes
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Fracsgnizing Intondion




(1) Al 1  Killzone NPC
http://www.1gda.jp/modules/mydownloads/visit.php?cid=2&lid=60

(2) Bungie Publication Site (Damian Isla
Halo Al

http://www.bungie.net/Inside/publications.aspx

(3)
(CEDEC2007 )
http://www.igda.jp/modules/mydownloads/visit.php?cid=2&lid=78

MIT
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Jeff Orkin
F.E.A.R.(Monolith Soft)

World
Sensors —>
Working
Memory
Targeting | K
el
Planner <:£4
Navigation |=—=| Bgjackboard
Animation / %_
Movement A\
Weapons
U Blackboard
World

Jeff Orkin http://web.media.mit.edu/~jorkin/




Animating
in a Complex World:
Integrating
Al and Animation

Christian Gyrling(Naughty Dogs)




Al

Al and Character Separation

» Not just Al and Animation any more...
» Al Character and Animation
. Character testing drove this natural separation

. 3 users of the Character Interface
« Al
« Animators and Character Programmers

» Scripters



Character

Handling Orders

World / Navigation Queries
Path Finding

Animation Modules

Voluntary and Involuntary
Movement

« Walk vs. Hit Reaction

Character ;
Navigation

. Solution
Character LOEIC

Advantages of this separation

. Behavior logic is separate from Animation |

» Simpler and less behavior code

« Navigation and Animation complexity is no

Character's responsibility

» Al logic update rate and frame rate can be

different

« Behavior Logic is easily shared
« Great for asynchronous code. ..




Animation Logic

Character Logic (Locomotion System)

Navigation System

Initial State 3. Dynamic Path Find on Na
11iEl -

. » Nayv Map + path
» Clegision s made to go io compieted

« Dynamic Path Find

» Why slaer when
you can path find)

« Al is waiting for order
completion

Siarting Mzyement

+ Order ls Handled . tun to ‘Default entry’ ‘
« Static path find on s e . O il o = |
Nav Mazk : 3 |

: eserve Cover .""
» Kick Nav Map Job S~ o i

« Al ls waiting for order ;—;—nu! FE
completion PEOUIT

2: Static Path Find

| is waiting for order



: Animation Logic
Character LogiC |« | (_ocomotion System)

Navigation System

7: Entering

5: Resolving Entry
« Special cover entry
animation is now

pl2ying
« Al is still waiting for
order completion

« Found Special Entry
Animation
« Re-path to 'start of

cover entry
animaton’ position

8. Cover Reached

¥t

0. Agjusting

« 'In Cover pose reached
- Eending still ongoing "
« Order s compieted '

« Al makes new '
and 18sues new orders

* Adjusting speed and
direction to entry .
« No Pose Matching ":.g*
= MNof reguired due 1o *J
speed of Character
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Ragdoll

Inverse Kinematics

1980 1990 2000



Ragdoll

Inverse Kinematics
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How té ket Them The Terrain of Next-Gen Aeﬁ]r[ﬁ:faﬁ 6'”

Animation

&Discussio lecture Design




Killzone 2

http://aigamedev.com/videos/sneak-peek-killzone-ai

-
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Authoring
Runtime Animation

and Character Physics )
NaturalMotion

with Morpheme 2.0

FSM

"
-"."—f

i

GUI

(1

rﬂ-- :
H.F#HIF‘ '
=
e
- ——
i
o lf i -'

HI

[

L
L]
L

1

http.//www.naturalmotion.com/morpheme.htm
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Dynamic Walking
with
Semi-Procedural
Animation

Best of Both Worlds

» Full control over style
» Dynamic movements

I_'_.l

Traditional Semi- Procedurally
key-framed procedural generated
+ blending animation motion




The Motion Cycle Leg Cycle and Keytimes

Motion cycle
0.00__~"" | Mation cycie Leg cycle
Cyclic dme 0.1
for whole motion
o
v = c ©
Leg 1 stance time E 4!.! E 3 E
0.2 in motian cycle ] O ,‘:,. = o ]
Q.73 D230 o.0/e.0 In leg cycle © & = ‘IQ (=) o % w
O = 2 = e = O
Leg 2 stance time E § § 8 E § § E
0.7 In makien cycle 0 Y- b L L Y b v
0.0/L.0 in leg cvcle I I
0.50
foot-roll foot-roll

0.0 flight time 1.0

0.0 stride time 1.0

0.0 leg cycle time 1:0

http://cmpmedia.vo.llnwd.net/o1/vault/qdc09/slides/Rune Skovbo Johansen.pdf




Movement Axis

Bxts D-8

h“‘x b Ill'!rlﬂ! of feel and
a e ) Do [for BaCh SEMOkE)
: - projacied cabo ground
& L

h

Stance Time

lo determing the stance time, a cost value = caloulabad
for aach sample based an;
Haight of tha heal and toe at that sampla

Position along miwement axis @ H
[{middia=low cost) m

The Footbase

it i dprun litw LB ]

Somdimmy g
s

% W K.

How to measure height of foot over the ground?

+ Find the foothase, given position and alignment
of foot, and the slope of the ground

« Measure the height of the foothase above the

ground @m

http://cmpmedia.vo.llnwd.net/o1/vault/gdc09/slides/Rune Skovbo Johansen.pdf




Proper Horizontal Curve!

. U=se straight line trajectory as a basis.

» Add offset based on current stance pasition

relative to lerped position between
prev and next footprint. I.-H'ﬂt'ﬁf

Foot Alignment

Pose in original Adjusted pose at
motion runtime

Use IK to get bone alignments between hip

and ankle again.
Done. (Perform all steps in each frame_}@ Llﬂit'f

Vertical Lift Fitting the
Terrain

i

Y

{This is the base trajectory. The oniginal @ !
liftimg is later added on top.) I-Iﬂlt'v

Proper Horizontal Curve!

r

Mice smooth curve for any adjusted movement,
Acceleration ("ease in / 2ase out") is stll based

on normalized footbase trajectory.

http://cmpmedia.vo.llnwd.net/o1/vault/gdc09/slides/Rune Skovbo Johansen.pdf

D



(1) Locomotion System (Rune Skovbo Johansen )
http://runevision.com/multimedia/unity/locomotion/

(2) Unity Locomotion System

http://unity3d.com/support/resources/example-projects/locomotion-ik
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Character Pathfinding
And Animation:
How to Make Them
Work Together

Pierre Pontevia, Senior Director of Product Development, Autodesk

Robert Lanciault, Senior Product Engineer, Autodesk

http://usa.autodesk.com/adsk/servlet/index?sitelD=123112&id=12281405




Company of Heroes

2.1 Company of Heroes Squad Formations Explained  chris Jurney (Kaos Studios)

2.11 Postprocessing for High-Quality Turns chris Jurmey (Kaos Studios)

http://gdc.chrisjurney.com/




B . Imitiad
e Direchian

Sel Run
Blockers Path

(5] Llse Curves
B Use Smoathing
[0 Large internal map

Gnid Size: 20 =

Deslinalion &

Obect Size 08%

Speed (tlesfzec) 15 -

Search Adjacent 24 ﬂ

Destenalzan

Gramilarity .23
Tum Radmws 055

qﬂﬂ Cbject =m
Pk Fdaion

E Directhional Saarch
] Fizad Angles

Path Computation
{msy BS2000

=

Toward More Realistic Pathfinding

http://www.gamasutra.com/features/20010314/pinter pfv.htm
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Character Pathfinding
And Animation:

How to Make Them ] ] ] ]

Work Together Pierre Pontevia, Senior Director of Product Development, Autodesk

Robert Lanciault, Senior Product Engineer, Autodesk

_ Pathfinding
e — Path Smoothing

~ci2pe ST 2 T T

— Dynamic Avoidance

S




Creating a Great MMO:
3/26 How Mythic Entertainment
Solved Production Challenges
using Autodesk Kynapse
Middleware and 3ds Max
On WARHAMMER ONLINE:
AGE OF RECKONING

Spatial Graph

Kyrases pathn ol MPDwNon Player
Chatacters)

Kynapse runtime runs on tha game
Sarver.

Pathing is genaralad from the same
coilision data as used on the client

Qur goal, NPCs can move and behave
aqual to the players.

Al Mesh
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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

R

Pathing still takes time or how Kynapse
reduced global warming

TR

Jur old pathing system

Sl i

would literally take a day or

more to path a zone. -
-\h-—. F".:.:;
——

- "
—

- Kynapse, with its distnbuted

generation allows us to
repath a zone in minutes.

Expect to dedicate some
machines to this. ..

i -
y, Rl
-‘-I




Killzone 2

http://aigamedev.com/videos/sneak-peek-killzone-ai

-




(1) Al 1  Killzone NPC
http://www.1gda.jp/modules/mydownloads/visit.php?cid=2&lid=60

(2) Killzone2 Dynamic Pathfinding
http://aigamedev.com/videos/sneak-peek-killzone-ai
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Al

On the War Path:
Tactical Al
in DAWN OF WAR 2

Predictive A* Refinements N— Ty

piga o oollinien - Fagain arnd iFpE
Froblem .




Problem: Group Overiap

« Multiple units attacking a single target
bumpand overiap

« Fix: Enforce circular bases between units
with the same target

Problem: Group Overiap

Decide whether to re-move based on
current overiap and priority

. |n A* saarch, only accept goal cetls with no

avariap

« Only perform fancier steps when near

ough metee target to matter

&







Dawn Of War 2
https://www.cmpevents.com/GD09/a.asp?option=C&V=11&SessID=8855

http://gdc.chrisjurney.com/

2007 Chris Jurney

Relic A*



(semi)






(10 )





















From
COUNTER-STRIKE
to LEFT 4 DEAD:
Creating Replayable
Cooperative Experiences

Counter Strike L4D



Counter Strike L4D

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

http://game.watch.impress.co.jp/docs/news/20090327 80051.html

-'r-’UICltIDH based
tensity”




http://game.watch.impress.co.jp/docs/news/20090327 80051 .html







Counter Strike L4D

rom
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Cooperative Experiences




Counter Strike L4D

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




(1)

(2)

(3)

(4)

()

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

Valve Counter-Strike Left 4 Dead
Al (GameWatch)
http://game.watch.impress.co.jp/docs/news/20090327 80051.html

Valve Software Physical Gameplay in Half-Life2  (GameWatch)

http://game.watch.impress.co.|p/docs/20060325/valve.htm
( )

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

(4gamers)

Left 4 Dead Co-op
http://www.4gamer.net/games/035/G003579/20090327043/




Valve

(1) How To Go From PC to Console Development (GDC 2008)
http://www.valvesoftware.com/publications/2008/GDC2008 CrossP
latformDevelopment.pdf

(2) GRID Broadband Content Delivery Platform (GDC 2008)
http://www.valvesoftware.com/publications/2008/GDC2008 Stylizat
ionWithAPurpose TFE2.pdf

(3) Source Engine
http://source.valvesoftware.com/SourceBrochure.pdf




http://game.watch.impress.co.jp/docs/news/20090329 80132.html

TEAM FORTRESS 2



Halo3

Heatmap

http://www.bungie.net/Online/HeatMaps.aspx




Al

10
International Game Designers Panel

http://game.watch.impress.co.jp/docs/20050312/gdc int.htm

Al

http://spitfire.client.jp/shooting/xevious2.html




(CEDEC2007 )
http://www.igda.]p/modules/mydownloads/visit.php?cid=2&11d=78




eft 4 Dead

Left 4 Dead









NPC

MMO

(user generated
contents)

- =
- -

Fable Lionhead Studio

Facade (Michal Metas,
CMU,Oz Project)



(1) FABLE (XBOX, Lionhead Studio, published by Microsoft)
http://www.xbox.com/ja-JP/games/f/fable/

(2) Facade http://www.interactivestory.net/

(3) Oz Project
http://www.cs.cmu.edu/afs/cs.cmu.edu/project/oz/web/pa
pers.html







(1) IGDA

(2) IGDA SIG-Al

(3) In Mixi
SIG-Al  mixi
ML  SIG-AI

(4) CEDEC 2009 Al Day
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|GDA SIG-Al
12
o SIG-Al Meeting
o Al Progammers Dinner ( )

Neil Kirby and Steve Woodcock
Al Kirby




Al Game Programmers Guild
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(1) Al Summit (GameWatch)

Al

http://game.watch.impress.co.jp/docs/news/20090325 79918.html
(2) Al
Al (4gamers)

http://www.4gamer.net/games/027/G002744/20090324048/

(3) 4t Annual Al Programmers Dinner (Gamasutra)
http://www.gamasutra.com/features/20010423/dybsand 01.htm

(4) 8" Annnual Al Programmers Dinner
http://www.gamedev.net/columns/events/coverage/feature.asp?feature 1d=65




|A on Al

Dave Mark

Intrinsic Algorithm
http://intrinsicalgorithm.com/IAonAl/

Behavioral Mathematics
for Game Al

Y <

i |




y_miyake@fromsoftware.co.jp

http://www.igda.]p




y_miyake@fromsoftware.co.jp
(IGDA Japan yoichi-m@pk9.so-net.ne.jp )



