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Self-Introduction

[Thesis]
Journal of Japanese Society for Artificial Intelligence 23(1) pp.44-51 20080101
How to Use Al Technologies to Develop Digital Games (<Special Issue> Game Al)

[Report]
Digital Content Association of Japan
3rd Chapter, Game Al (2007)
http://www.dcaj.org/report/2007/data/dc08 07.pdf
3rd Chapter, Programming Al
http://www.dcaj.org/report/2008/data/dc_08 03.pdf

[Interview]
http://gamez.itmedia.co.jp/games/articles/0901/08/news129 3.html
http://gamez.itmedia.co.jp/games/articles/0901/09/news075.html

[Blog] http://blogai.igda.jp/




Game Evolution and Al

FC SFC SS, PS  PS2,GC,Xbox Xbox360, PS3, Wii

Hardware 1999 DC 2005
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Simple World, gomp:ex X\/Iorld,
Simple Al omplex

Al & its body becomes complex as Game World becomes complex.




Chapter 1. What is Intelligence ?

The fundamental



What is Intelligence ?

What is Intelligence ?
Have you thought about It ?

Is Intelligence thought ?
Is intelligence knowledge?
Is Intelligence different form ability ?



Environment - Intelligence - Body
correlation diagram

Intelligence

Information Information

oy - (for Control,

(World’s information) Command)
: > BOdy

Intelligence cannot be defined by itself. Intelligence should be
defined on the correlation of Intelligence, Body, and Environment.



Consclousness/Unconscliousness

|nte||igence Decision — Making,

Consciousness has no function.
Conscious intel{gence

consciousness

N\ ——

—

Unconsci

Synthesis of body
Synthesis of all-senses
Build the conscious world
Forming desire & emotion

Unconscious |

Environment




What Is Environment for Al ?
Are sensors passive ?

W X .
~ ./ _ ©

e —




Consclousness/Unconscliousness

Intelligence

Decision — Making,

Consciousness has no function.

T Conscious intel{g

consciousness

ence .

Unconsci

—

Unconscious |

Synthesis of body
Synthesis of all-senses
Build the conscious world

]

Forming desire & emotion

Reconstruction W
from Passive information

= Umwelt .




A man lives in the world he/she
reconstructs from environment information.

All object a man recognizes is interpreted in relation to his/her action.
(=Affordance)

http://www.anne-box.com/



Consclousness/Unconscliousness

|nte||igence Decision — Making,
Consciousness has no function.

T Conscious intelljgence

consciousness

—

Unconsci

Synthesis of body
Synthesis of all-senses
Build the conscious world
Forming desire & emotion

Unconscious |

RNy

Attention
The World we recognized as real-world is not the world itself.
It is re-constructed from information through senses and experiences.




Human intelligence implements many information for his body-

action in the objects of the world under his unconsciousness.

Can slide Turn on and project  Can benc

g Turn

Not pass

fall

Canconnect  Can pass through These information enable human’s actions.



Affordance
= actions possible for Al to take
In the environment
= An environment suggests
actions



(Example) Halo2
Affordance Actions in Environment Al can take
Affordance: “Drive” and direction to move

In Halo2, affordace(actions Al can takes) Is implemented in Objects. gUNGIE

Spatial Object Features

Much like “Affordances” (Gibson, Norman, Wright)
— An object advertises the things that can be done with / to it
— Butthey must do so in a geometrically precise way in order to be useful

Implementation: “object markers”
— Rails or points
— Oirientation vector indicates when the affordance is active
— An object has different properties at different orientations
Damian Isla (2005), Handling Complexity in the Halo 2 Al, Game Developer's Conference Proceedings., http://www.gamasutra.com/gdc2005/features/20050311/isla_01.shtml




Knowledge Representation

/ Knowledge Representation of door
Position x:3.0 y:10.0

It can be open by lever or destroying.

Knowledge Representation of lever
Position x:5.0 y:5.0
Al can pull it.

(Result: Door open)

Knowledge Representation of Car
Position x:3.0 y:2.0

Al canrideonit.
k velocity: max 80km J

Knowledge Representation for game Al
Objects should be implemented with useful knowledge
that Al can use to recognize a Game World precisely.



2D/3D Affordance

k

J

=

Control from a top-view

—

0%
o/

many ray-cast caluculations

fire-line calculations

Control from Al’s view



Comparison with 2D-Al and 3D-Al

PACMAN ‘ .

PACMAN Halo

I R |




Navigation Mesh with the state of terrain surface




Navigation Mesh with the state of terrain surface




Halo2 : World Representation




Halo2 : World Representation




Halo2 : World Representation




Halo2 : World Representation
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Counter Strike : Navigation Mesh




Counter Strike : Navigation Mesh




Positions




Order
“Initial”







Chapter 2.

The History of Digital Game Al



Environment - Intelligence - Body
correlation diagram

Intelligence

Information Information

oy - (for Control,

(World’s information) Command)
: > BOdy

Intelligence cannot be defined by itself. Intelligence should be
defined on the correlation of Intelligence, Body, and Environment.



Agent of game

Game world

- g
Sense

the game world around himself

Effect on the game world
through his body




Intelligence

WORLD BODY
ENVIRONMENT



T Intelligence

d ermit
Conscious intelligence P

Unconscious intelligence

l

WORLD BODY
ENVIRONMENT



Consclousness/Unconscliousness

|nte||igence Decision — Making,

Consciousness has no function.
Conscious intel{gence

consciousness

N\ ——

—

Unconsci

Synthesis of body
Synthesis of all-senses
Build the conscious world
Forming desire & emotion

Unconscious |

Environment




Environment - Intelligence - Body
correlation diagram

Intelligence

Information Information

|

(World’s informafi Informati (for Control,
' (Body Status, Command)

and suggest
Mental Status)

> BOdy

Intelligence cannot be defined by itself. Intelligence should be
defined on the correlation of Intelligence, Body, and Environment.



15t period Pattern Al



Intelligence

no-instinct _
action

WORLD BODY
ENVIRONMENT



(Example) Space Invader (1978)

One movement pattern regardless of player’s movement

[ Space Invader }




Intelligence

WORLD BODY
ENVIRONMENT



1stperiod  Complex Pattern Al

Interactive

Al has some designed actions and
take one of them to a game situation.

For example, in “Prince of Persia ”,
some sprite-animations are prepared, and the number of
Al aciton pattern corresponds to its animation patterns.



Example Prince of Persia

In “Prince of Persia”,
Sprite-animation = Al’s action.

[ Prince of Persia




2"d period Structured Al



T Intelligence

il il permit

V‘V

INStC aacti

WORLD BODY
ENVIRONMENT



How to solve the conflict of actions =
Intelligence

T Intelligence

——— —=— Not-permit
| :
‘hv:‘ Actions conflict
' Each other!
QaclIn

Instymic

WORLD BODY
ENVIRONMENT



Think about selection of action

Intelligence _
Choose only one action
I: Actions conflict
Each other!
INSHAC caction
WORLD BODY

ENVIRONMENT
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 Platinum Collection

Game SF/FPS

Developer BUNGIE Studio
Publisher: Microsoft

Hardware: Xbox, Windows, Mac
Publishing year 2002

Halo




Halo NPC

Express Al’s intention

Quick &
Pretty

Steady Big

Enemy COGNANT

Human

Friend




Halo NPC Architecture

Event . : Time
“Enemy found!” NPC’s Intelllgence \
“Friend dead”.
“I was sho . . o _
“Player shft 1” | |SItuatio > ecision- :> Motion
Analysis making Control
), n
only for dramaturgy’ |
]/ Motion




Halo Al Architecture

Events such as
“Find Enemyn Perceptiun Motion
“Search a friend” { _______ ACTOR |
“Damaged” Actions i
“Player fired!” Micimahy |
‘ i i |
|

Situation EVENT

analysis Logic

Emotions

|
|
|
|
|
|
|
: |
- - l
Situation | Analysis

[ - -
i L q @snh
| r
|
|
|
|
|
|



Halo Al decision-making

| )
| T MOTIONTCONTROL T |
I Combat Pathfinding Animation I
\_ 7 __ _
28 ACTIONS
S / [Searchl ‘Chgrgel [ HiFIe ‘ I Avgid I ‘ Flge ‘
A . . ' .
I Simple logic for selecting an action
| For each character from a situation.
: BEHg,ORE - | evel de5|gners work
04 i
. . O O : I
Decision-| |© “~ © i ST
Making Q 00 i <_7L|
N

Each behavior has a trigger to cause.
An event causes some numbers of behaviors



Halo Al Architecture

Events such as
“Find Enemy”

“Search a friend” | |
“Damaged” Perceptlun Mation
“Player fired!”  ______ { _______ o A .
:' Actions :
‘ { Memory :
Situation | ] S |
analysis —  Situaton

|

I

I

|
|
Analysis Ry :
Y Dedﬁgzjl I
r Logic
|
|
|
|
|

Direction s 1 P
dialogue — |




Halo NPC Architecure

Event . : Time
“Enemy found!” NPC’s Intelllgence \
“Friend dead”.
“I was sho . . o _
“Player shft 1” | |SItuatio > ecision- :> Motion
Analysis making Control
), n
only for dramaturgy’ |
]/ Motion




it e

g% Reference for Halo & Halo?2

Damian Isla (2005), “Dude, where’s my Warthog? From

Pathfinding to General Spatial Competence”,
http://www.aiide.org/aiide2005/talks/isla.ppt

http://nikon.bungie.org/misc/aiide 2005 pathfinding/index.html

B Damian Isla (2005), Handling Complexity in the Halo 2

Al, Game Developer's Conference Proceedings.,
http://www.gamasutra.com/gdc2005/features/20050311/isla_01.shtml

B Jaime Griesemer(2002),The Illusion of Intelligence: The

Integration of Al and Level Design in Halo,
http://halo.bungie.org/misc/gdc.2002.haloai/talk.html

B Robert Valdes(2004), “In the Mind of the Enemy
The Artificial Intelligence of Halo2”,

http://www.stuffo.com/halo2-ai.htm ( closed)



Think = FSM(Finite State Machine)

Intelligence

AN

SM

Ingting

WORLD BODY
ENVIRONMENT



(Example) Quake HFSM

Quake HFSM

Rocket
Projectile

J—— Spawn State

Flnish Spawning

l—{ Touch Was awher
¥
‘ Move State —i Colisian  —m  Touch State

| Hit sky

| Fimeeolt (3 se0)]

Exploded

¥
W Die State [

http://ai-depot.com/FiniteStateMachines/FSM-Practical.html

Finite State Machine [ Quake




Halo2 (2004)

€ Game SF/FPS

€ Developer BUNGIE Studio

€ Publisher: Microsoft

€ Hardware: Xbox, Windows, Mac
€ Publishing year 2004



Event
“Enemy found!”
“Friend dead”

“l was shot!” \

“Player shot !

Halo2 NPC Architecure

=

Situatio
Analysi
-

S

NPC’s intelligence

>

-

k‘

DAG
HFSM

~

IEmotion

only for dramaturgy

v

Sensor

\

v

Warking Memory

[

}

Knowledge representation/)
World representation

Gameworld ()

Time

Interaction

~

Time

Motion

Body }

)




Decision-making by HFSM Hierarchical FSM

(Directed acyclic graph) = behavior tree

‘ Retreat % ‘ Flee ‘
‘ Cover ‘
Self-preservation %
‘ Guard ‘
‘ Grenade ‘
‘ Vehicle strafe ‘
‘ = ‘ Charge F—»
‘ Melee ‘
\ Vehicle fight \
‘ Engage F
Fight Presearch
| 11 |
‘ Search %—b ‘ Uncover ‘
‘ Guard ‘ ‘ Investigate ‘
‘ Idle % ‘ Guard ‘
ot layer 15t layer 2nd Jayer 31 layer




Think about planning

Make a plan for actions

>

Intelligence

1sec |
> | 3sec

>

Actions conflict
Each other!

l _kAvrﬂ

Insync caction

WORLD BODY
ENVIRONMENT



Game Horror FPS

Developer Monolith Production
Publisher: SIERRA

Hardware: Windows, PS3
Publishing year 2004



F.E. AR NPC

Find what Al should do by itself.

Find the way to achive the goal by itself.

C4 Architecture + Goal-Oriented Al)

Move but not attack Run on ceiling and wall Walk

Enemy




F.E.A.R NPC Al architecture

: : Time
/ NPC’s intelligence \
Cognitive Goal-oriented Motion-
Process | |Action Planning| | 9eneration
Common representation Blackboard
of all knowledge Motion
Sensor Working Memory

Time



What is PLANNING ?



What Is planning ?

[ Initial State } Actionb Action} Action} Action} [ Goal }

Fundamental Concept Initial State  Goal Planner




Example for action planning
Planning of actions ~ Action Plainning

[ Initial State }

a O (
>[ move || drink |
s

N X Planner




Representation of action for planner

Ki Precondition \ f ! knotvll) ';r;tiemfalce ‘x (1 Al can get Water\
< ™ é ) é ™
_ Go to the Drink
Action palce tp drink
_ . = _ \_ )
[ Effe ct ] ( Al can get water [ not thirsty
\_ /2N /L W,
Precondition Condition needed to take the action

Effect Result caused by the action



RGERGN Planning by Chainning
[ Ig:;itael }C \\Planner ﬂ

| know the
| know the palace palce to drink J
to drink
o > s N Goal
Go to the
Thirsty palce tp drink
Chal N I | know the palace
J--- __&_________________{ ____________________________________________ . to drink
Al can get water Al can get water | :
~ J | Not thirsty
- / 1
s I
Drink
N
Not thirsty
\_

Pools of Actions




Planning system for F.E.A.R.

kTargetAtme = ture
ETargetlsDead = ture Solder B is aiming at me.

Solder A died

kWeaponlsLoaded = falseT
| have no weapon...

bl -l



Planning system for F.E.A.R.

Simple representation of agent’s world
20 symbols for representing agent’s world

Symbol

kSymbol _

kSymbol Target
IsSuppressed

kSymbol_Targetls kSymbol_AtNodeType kSymbol_
AimingAtMe UsingObject

kSymbol kSymbol
Weap%n Loaded RidingVehicle kSymbol _

ksymbOI_AtNOde WeaponArmed

TargetlsDead

Agent-centric representation



Planning system for F.E.A.R.
Chaining based on symbol representation

// ~\  Planning \

L L — ]
kSymbol_ ..
WeaponArmed | Chammg
@Y Kksymbol_
| eaponlLoaded
GOAL

—
kSymbol kSymbol
TargetlsDead TargetlsDead
Planner N2 >/ 2

kSymbol
WeaponArmed

kSymbol (
eaponLoadedy |

Chaining

—




F.E.A.R NPC Al architecture

Cognitive
Process

Common reresentation Blackboard

of all knowledge

Sensor

Time

Motion

Time




F.E.A.R NPC Al architecture
/ NPC’s intelligence \

Cognitive Goal-oriented Motion-
Process | |Action Planning generation

Time

Blackboard

1
Common representation

of all knowledge
Sensor \[Working Memory

@ >

Al select one goal in the situation by itself
Al design its sequence of actions by itself to
achieve the goal.

Time



Planning

i =/1EB




Planning

SE B




References for F.E.A.R.

Game Developer's Conference Proceedings.

B Jeff Orkin, Applying Goal-Oriented Action Planning to
Games, Al Game Programming Wisdom 2, Charles

River Media., 217-228, (2003)

B (I) Mat Buckland, “Programming Game Al by Example”,
Chapter 9, WORDWARE publishing

B (Il) Jeff Orkin’ HP http://web.media.mit.edu/~jorkin/




Hierarchical goal-oriented planning

A goal is a combination of small goals




Hierarchical goal-oriented planning

A small goal is a combination of smaller goals

@0@@0@




Hierarchical

In Chromehounds(Xbox360)

real-time Hierarchical Goal-Oriented Planning

a

-

Conqguer
The tower

Goto
the tower

~

thetower
5

f[ Find the }\\

tower

[ Findpath to ]

~ _—

Conquer
the tower

&

<

4—>4—>4—>

Behavior Command

Strategy

Move along |

\[ the path J
N

ﬂ Wait 10
seconds

Tactics

NPC



Demo movie for

lerarchical

nal Nrinntnd DIanninn

, i"' / _ . =
-COMAUERLCO

ATTACK.AADUND.COMBAS, #& 13,58

GORL_STRY, && 3585345
GOTO_LPOSITION, #s% - 1. 8EBE6H
FOLLOW_PRTH, && - | 8086806

I

Players or Al control
this type of machine
from this view point.

3B. 15 Ips

Demo movie




Demo movie for Hierarchical
Goal-Oriented Planning

NPC’s Goal-oriented planning

BB —
§ u| . ..-
-qall BRI M Strategic goal .
_CONQUEALCONBRAS, %% Y3, Y5aae iy A\
RTTACK_AROUND_COMBAS, #& 13, 5;\4.} . 2
GOAL.STRY, #% 3, 585545 AL SSE Sl tactics goal g
GOTO.POSITION, #% - |. OPAERB

FOLWOW_PRTH, && -1 600809 : —
: e - M hehavior goal s

- D

38. 15 1ps

Demo movie




Evaluation values of Team Strategies
Sorry, this is Japanese

I REDF—LKHE - ARk

ARiEHE 0.683525
ARighi@ 8. 575363
M 0 422998
JL)(ALK 8.213468

ARiEHE 0. .52 I Y424

ARIEHd 0. 0BR050
mH 0 422959

JL)(AGH 8.213090

3 b (= | BQB@B
IS H U r:’:f IRBGE L, #&dBa3%65: i
U RIS S B H I B Ffes] - 5682 -
I RIESE N R (S T N 6 1.5, 555553,
BURIHEEHUBHERHEET, #6 P 55535
UINUEEU SN U Es - 1. 00
UCIOUEFPENESE - 1 00
gl 1@

ORL_-APPROCH_-TRRGET, #&& 7l :JEI'-]EJEJ-’:I

This agent is executing the goal “Protect” he has chosen.

Demo movie




TeamAl

.::::EIIF--—_Il'_-lI [:- ———

REDF =LA : FRIESE
FRBEEE B 672677
Apield @ 384698
A 8 538446
JL/IKAA8 8. 231318
===l | === :
REDF—LF : M
ApeHE 8 436685
Apiithth 0. 0BBRE59
mma 0. 435338

AL/ AG8 B 286887

iIPlauer 4 _
GORIETHINE, #% -1 980860
GURESHTTACK_TARRGET, #& 13.55: =46
BURLEEESCRPE, B f'_':I C3aF _rJ
GORLLUG) NETHRGET "8 a | 3.5 337598
GORL_APPROCHLTRRGET, & 15 HESBEE
GOTOLPOSITION, #& - 1. 0000005
FOLLOUWLPATH, ®&% —~000008 =

GORIIATTRCK. TRAGET, A5EBIBLB152

A goal from a team strategy has Interrupted agent’s goal

Demo movie




3" period Autonomous Al



Al has inner model.

T Intelligence

‘—'hi

Actions conflict
Each other!
o Body requires
INStyIC cacthon  an action.
WORLD BODY

ENVIRONMENT



dynamic model by Inner parameters &
daily-life Al control by objects

i

+social

From battle Al to daily-life Al !

Daily-life Al is more difficult than Battle Al, because battle Al is limited only to actions of
battle, but daily-life Al is possible to do everything.




How to make Autonomous Al

Intelligence Body

mind




How to make Autonomous Al

Intelligence
mind

If (H(t) > 0.5)

goto

GetFood ]
If Hungry parameter is more than 0.5,

Go to get food.

A

Body

Parameter for “Hungry” H

/\ Time

N

(1)  sin(1/24*t)




How to make Autonomous Al

ntelligence Body
mind

Hungry Paramter
A

If (H(t) > 0.5) (t) sin(1/24*1)
E?oto GetFood .
se |
Sleep U >
~ >




How to make Autonomous Al

Hungry Paramter
A

become hungry more slowly

T

If (0.8*H(t) > 0.5 © sin(l/24*)
E?oto GetFood Time
se !
Sleep v >
:
day !
>




How to make Autonomous Al

ntelligence
mind

If (H(t) > 0.8 && S(t) <0.1)
goto GetFood

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

Else

Free_Walk

-

Hungry Parameter

t @ sinezar

Sleep Parameter S

Y sin(1/48%)

< >
day |

-

\

< > h
¢ -
—@

/




How to make Autonomous Al(individualize)

ntelligence Body
Hungry Parameter SIeepAParameter S
A : ' *
If (0.5*H(t) > 0.8 && S(t) < 0.1) © sin(l/24*) (0 sin(li48 ,t)
goto GetFood i i
Else If (H(t)<.0.3 && 1.5*S(t) > 0.7) m| | . = >
goto Sleep \\/ |
Else i |
Free_Walk < >. < >
Become hun da Y
gy and sleepy more slowly... y

>
@‘

—@




How to make Autonomous Al

If (H(t) > 0.8 && S(t) <0.1)
goto GetFood

Body

Hungry Parameter

A () sin(l/24*)

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

goto Sleep h
Else If( (1-H(t))*D(t) < 0.9)

Goto Fight

Else
Free_Walk

(.

Sleep Parameter S

A

(©) sin(L/48*t)

>

>

E

A

Dangerous Paler

D(t)
1/(distance from enemy)

<

>
>
day i

Bed

/

.




Breaking
the Cookie-Cutter:
Modeling Individual For example
Personality,
Mood, and Emotion

in Characters The Sims 3 (Maxis, EA)

Trait ... Character Feature, Personal parameter
Wish ... Goal for future

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 Slms _ How to_make AI

Meta

[Principle] Sims (not under direct player control)

choose what to do by selecting, from all of the possible
Meta — behaviors in all of the objects, the behavior that
Peer | B maximizes their current happiness.

Sub

Al is constructed as a dynamic system controlled by many parameters.
PeerAl is Al which controls a character’s behavior.



Data structure for Objects

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




Data structure for NPC

Person

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




Toilet

- Mood +26

-Urinate (+40 Bladder)
-Clean (+30 Room)
-Unclog (+40 Room)

Hunger +20

Comfort -12 Bathtub

Hygiene -30

Bladder -75 - Mood +20

Energy 128 -Take Bath(+40 Hygiene)

S(l)J(?iaI +10 (+30 Comfort)
- +

Room -60 Clean (+20 Room)

[Principle] Sims (not under direct player control)
\WILJe BN (1) ose \what to do by selecting, from all of the possible

behaviors in all of the objects, the behavior that
maximizes their current happiness.




Maximizes his current happiness

+social

Refligerator make his happiness up much better than the others.



Maximizes his current happiness

+social

Go to a refrigerator



maximizes his current happiness

+fun - playful

+fun - serious

He becomes not hungry, and will talk with a girl to kill bored time.



Menu  Add Motive

The Sims 3 set more mood & desire parameters.
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Bladder Desire
4000

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




Conclusion

NPC Al has developed : Pattern Al, Algorithm
Al, Structured Al, and Agent architecture.

A new paradigm of game Al has given users new
game experiences.

NPC Al has changed the role in the game history
from a simple enemy to human-like Al.
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