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Halo Al Retrospective: 8 Years of Work on 30 Seconds of Fun
Author: Damian Isla (Al Engineering Lead)
http://www.bungie.net/Inside/publications.aspx
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GDC Al Summit
(Game Developer’s

Al Game Programmers Guild

a

Conference)

http://www.gameai.com

Game Al Conference Al Game Dev.COM

http://gameaiconf.com http://aigamedev.com/

http://www.aiide.org

IEEE CIG
(IEEE Computational

IEEE CIS
(IEEE Computational
Intelligence Society )

Intelligence and Games )

AlIDE
(Al and Interactive AAAI
Digital Entertainment )

http://www.ieee-cig.org/ http://www.ieee-cis.org/



GDC Al Summit (2009~)

(Game Developer’s Conference)

GOC - 2009 £ LU BAE

Game Developers Conference® 2012 | Moscone Center, San Francisco, CA | | Exhibits

Iy - e | - GDC HRJEARDT —LANVITFLUR
CALL FOR 2 o ' (2B AN)

SUBMISSIONS & e -

NOW OPEN _

- SHOmID2BMICAIFa—R)T7IL

= Al Summit

-Al T —LTRT SR —AFILEINE

- 2BMISE-STEFOFEENS I VIZESE

&
- CNITHBAERIDED T —LAIDIER A MBS,

- &$HI TR T GDC Vault H
AlGameDev.Com T/ B

http://www.gdcvault.com/
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GDC2011 @miyayou

2.28 3.1 3.2 3.3 3.4
Modular Automated Level of
Peo Ie in . . . utomate evel o
Component P KEYNOTE Insl,\i)amvfi?atclzrglri‘ne Detail Generation
Al System your pocket & in HALO:REACH
Al PrOn: Using The animation Biofeedback in Real-time Helper
Al Debug Randomness of Halo:Reach Gameplay Joint System
Al Finding your Multicore Memory Crysis 2: Gett.m.g Automated Level of
way with Managementin more Interactivity Detail Generation
Navigation y out of Animation- . _
Havok Al MORTALKOMBAT Data in HALO:REACH
Smart Al Elite DOOM The SIMS3 Create-
through Kynapse Al a-Sim User
Influence Map Postmortem Postmortem Expericence
Inside 0] B Ay o
Staffing the Darkspore nimation in Animating NPC’s BUNGRING BAY
. ASSASIN’S CREED:
Extras and The Sims: BROTHERHOOD In UNCHARTED Postmortem
Medieval
o Scriptin
Developers anz Alg
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Al Summit Regular Session
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Artificial Intelligence in Computer Games

Speaker: Neil Kirby (Member of Technical Staff, Bell Laboratories),

Steve Rabin (Senior Software Engineer, Nintendo of America)

(Al SR T—T)J)L £3H)

1HBH FEVITEDER (EEA—/\—TRE)
2BHE @OFPS @ Sports & Strategy (H &)
S3HE EX7F—MmIT Quick Q&A (HHFF)

EERT—H3&EE http://www.intrinsicalgorithm.com/GDC
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http://www.aarmstrong.org/gallery/v/journal/conferences/gdc2008/2008-02-20/S5000934.JPG.html?g2_imageViewsIndex=1
http://www.aarmstrong.org/gallery/v/journal/conferences/gdc2008/2008-02-21/S5000977.JPG.html?g2_imageViewsIndex=1

Al Game Programmers Guild (2008~)

PROGRAMMERS

AIWISDOM-COM. GAME Al ARTICLES & RESEARCH

AboutAIGPG  ~ AIGPG Projects ~ Members'Work ~ Relevant Al Info ~

5‘3..5 ofthe ,.mmm 338 Game Al Articles and Counting...

‘We help you find expert articles on commercial game Al development.
‘ve] ne to tllE Al Game Programmers Gui Architecture Since many of these articles are published in books, this is the only site that helps you find them.
State Machines
Founded in 2008, the Al Game Programmers Guild currently consists of over 200 Site Data Learning g Thanks,
professional game AI developers from all across the industry and from around the Scripting i Steve Rabin
is to develop and promote excell in oa AT througt AIGPG Members: 230 B L i Principal Software Engineer, Nintenda of America Inc.
n Is to develop and promote exceflence In game Al through A* pathfinding WY Instructor, DigiPen Institute of Technology and University of Washington Extension
education, m‘m‘n‘\mnt_\, and recognition. Given this mission, the guild has several ) Pathfinding / Movement
proposed activities: Papers/Presentations: 61 B Fefhiindnd ricrement
_ _ Group Movement
... from # of Venues: 12 B Group ¢ ﬂfws
itv: - :
ommunity: ...by # of People: 42 B Strateqy I Tactical
u Facilif SRR e rivcen AT gampEorammegs animation Control Steve Rabin's Mashup Architecture Presentation - GDC Al Summit 2010 | ‘Latestfrom & must
N ° - S g = - have series”
Drganize in-person s for AI game programmers to share ideas and Member Blogs: 17 8 Camera Control
N g ' = prog s s - Here is the architecture and presentation from Steve Rabin’s Mashup Architecture presentation. The code base is Game
network. Randomness completely free (even for use in commercial products). Use it for inspiration or however you wish. gﬂgra;nﬂg
Relevant Al Sites: 12 B Player Prediction semel
Education: Fuzzy Loaic
- Neural Nets “Cutting-edge
Organize and collect ‘to benefit AT game programmers. n graphics techniques”
ack and share leadin e ch and advances in game AL Genefic Algorithms : il GPUGems 3
 Create and recommend a university level game AT Matural Language Join the Al Game Programmers Guild!
° Tips and Advice “Newest Al
. Tools and Lib If you are a professional game Al developer with at least one published commercial tille, then you can become a ewest Al
Recognition: Tools and Libranes member of the Al Game Programmers Guild (it's free). The guild has over 80 members and is a great place to techniques from
Genre: RTS / Strateqy discuss game Al with the best in the business. We just organized the 2-day Al Summit at GDC 2009 and we're commercial games:
H : ment progress in the field of game AI. (Coming soon!) Gente. RPG /Adveniure | P1anNing more events and actiites. Just e-mail Steve Rabin with your credentials ta join. Click on this “Contact”link to Q‘mGar’:r:mm
E— . Frogramming
Recognize excellence in game Al through p Genre: FPS / Action getihe e-mail address Wisdom 4

F—LARFEORDAMHIEFELITILE, IRELZHEE

BHALTEST= IGDA AISIG [EFIKRIE (WEWSTITATITEFTEGE A o12) .
F {& Steve Rabin (Al Game Programming Wisdom)

FIMEAS) T )RS (EER) /IFERE

BHS~6RTLTES,

B EARFEIME (Al Summit) DZEEEMLE TS
AREBIBIE—DDFAMILTAZE L (RILZDFEY LD THRAL EOK)
ADTHELET—LADEENREZATESDTHEF(REFLLELD)
EFERRATOIARIL IV, WEFDFDLDHGFILFTLH S,
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http://www.4gamer.net/games/149/G014956/20120306019/
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Al Game Deuv.

AiGameOie ... BT e

—— 5 — LAIDRBIES - HiHfi 85
BARAAE 21—

- & XA

Ho 7L RAEF (GDC Al Tutorial, Paris
Game Al Conference ) Hh\$8

- PROCEDURAL MUSIC GENERATION
RELEASING A SGRIPTING PAGKAGE IN THE ASSET STORE APPLYING STATISTIGAL MODELS TO GOMPOSITION

MEMBERSHIP g

Storytelling and Games Conference (Coming Soon): The Premium Membership area at

h RiGameDev. comis the best place 1o stay N
Interweaving Technology and Art on he cutting edge of arficial 3 F 1 ~ N
intelligence in video games. - I% ﬁ
i | — du
3 Storytelling and games have a strange relationship. On the one Find out more! l 1

hand, interminable cut-scenes can distract from gameplay and
rigid storylines can constrain it. On the other hand, without some
Y kind of narrative context, most games would be abstract and SPONSORS
h meaningless, and in the best of games characters and storylines

add an immense amount to the experience. (n) % fi E ‘\ ~
This is one of the issues that will be explored at StagConf, a one-day conference on E ot Z II\\

storytelling and games held on September 27th in Vienna. We interviewed some of

the speakers to ask their opinion on the relationship between storyteling, games and %ELRMQDE‘CSQ A 14 = E ﬂ AN A (=] E ‘\
technology. = > K E E 1\ > K E ﬁ o

CATEGORIES

Reviews Tutorials

NOTE: The article was compiled by Jurie Horneman, StagConf organizer whom

Wit minkt rAranRizA Ae A manalict fram tha Darie QamalAl Canfaranas 0040

-Alex Champandard ASE
(AEEINT —LEEAN,
EXREEMEZESAY)

Al Game Development

Synthetic Creatures with Learming
and Reactive Behaviors

N —

Rlex J. Champandard
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GDCD T — LAIEAED(ER

20115 : T—LAIQOKREMS/NEE & KEAFMTOEEL
FLBAIFREE DI# 17 (Halo3, The Sims 3, Killzone 2...)Darkspore,
The Sims: Medieval, StarCraft 2, Havok Al, Kynapse, Insomiac PathEnine

KRBT —LAIDTER & Fr7373—FEHDSEL

Uncharted 2, Sprinter Cell:Conviction, Killzone2, The Sims 3, Bioshock 2, FIFA
http://igda.sakura.ne.jp/sblo files/ai-igdajp/GDC2010/YMiyake GDC Report 2010 4 3.pdf

201

2000FF: XX TUF—A(ToA—23V &INRTF7AUT A4 ) & A3Al
Morpheme 2.0, Warhammer Online(Kynapse), Halo Wars, Left 4 Dead

http://www.digrajapan.org/modules/mydownloads/images/study/20090411.pdf

20085 : KBS —LAI&TOV—T%)L
Spore, Halo3, Assassin’s Creed...
http://igda.sakura.ne.jp/sblo_files/ai-igdajp/Al/IDGA_GDC08 Miyake public.pdf
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http://igda.sakura.ne.jp/sblo_files/ai-igdajp/AI/IDGA_GDC08_Miyake_public.pdf
http://igda.sakura.ne.jp/sblo_files/ai-igdajp/GDC2010/YMiyake_GDC_Report_2010_4_3.pdf
http://igda.sakura.ne.jp/sblo_files/ai-igdajp/GDC2010/YMiyake_GDC_Report_2010_4_3.pdf
http://igda.sakura.ne.jp/sblo_files/ai-igdajp/GDC2010/YMiyake_GDC_Report_2010_4_3.pdf
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C4 Architecture

The World

v
| Sensory System |<—| Proprioceptive System

A 4

—
| Perception System |—>
PerceptMemory

M—,  Objects

ZREA

(GDC2001)

Action System » 1

| Attention Selection ] Working Memory

| Action Selection }

N

Internal Blackboard
Object Attention

| Navigation System k—) ‘ Motor Desired |
MIT Media Lab. [ MotorSystem  &——>[  MotionActual |

Synthetic Characters Group

A4

y

Researching Virtual Pet in Digital World.

The World

D. Isla, R. Burke, M. Downie, B. Blumberg (2001).,
“A Layered Brain Architecture for Synthetic Creatures”, http://characters.media.mit.edu/Papers/ijcai0l.pdf
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C4 Architecture S0 EH

(GDC2001)

| Sensory System |<—| Proprioceptive System

v
| Perception System |—>

HAREINEZREICRALELD,
oY —EITI3—(BIR) ZFELHDEELES,

REDANZXLEEALELS,
FUEZRPTNEIIC, EDVa—ILDHAEHLE THIMEZESD,

MIT Media Lab. | MotorSystem  &——1[  Motion Actual

Motor System

Synthetic Characters Group

Researching Virtual Pet in Digital World. @

D. Isla, R. Burke, M. Downie, B. Blumberg (2001).,
“A Layered Brain Architecture for Synthetic Creatures”, http://characters.media.mit.edu/Papers/ijcai0l.pdf
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Halo Agent Architecture zxeas

(GDC2002)

Perception Motion
A
ACTOR
|
¥ Actions :
Memory |
A |
|
oo NN FOUOs s '

(

Publisher : Microsoft
Emotions

Hardware: Xbox, Windows, Mac
Year: 2002

|
|
|
|
|
|
|
|
e | . .
Genre: SciFi-FPS : Situation
|
|
|
|
|
|
|
|
|

|

|

Analysis . :

Developer: BUNGIE Studio X ﬁe;sich |
v Logic |

|

|

|

|

|

Jaime Griesemer(GDC 2002),The lllusion of Intelligence: The Integration of Al and Level Design in Halo
http://www.bungie.net/Inside/publications.aspx
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Halo Agent Architecture zxeas

(GDC2002)

Genre : SciFi-FPS Situation

|

|

: Analysis .

Developer: BUNGIE Studio | 7y ﬁe;sion

: Lo

|

|

|

|

|

|
|
|
|
|
gic |
|
|
|
|

Publisher : Microsoft * « \
. Emotions
Hardware: Xbox, Windows, Mac
Year: 2002 )

Jaime Griesemer(GDC 2002),The lllusion of Intelligence: The Integration of Al and Level Design in Halo
http://www.bungie.net/Inside/publications.aspx



World

T —

F.E.A.R Agent Architecture sgs

(GDC2004)

Sensors >
Working
Memory
Targeting <3
Planner <
>
; ; <—
_ , Navigation |=——=| Bjackboard
el 17777
Animation / <
>
Genre: Horror FPS Movement
Developer: Monolith Production Weapons
Publisher : SIERRA U
Hardware: Windows World

Year: 2004

Agent Architecture Considerations for Real-Time Planning in Games (AlIDE 2005)

http://web.media.mit.edu/~jorkin/AIIDEQ5 Orkin Planning.ppt



http://web.media.mit.edu/~jorkin/AIIDE05_Orkin_Planning.ppt

F.E.A.R Agent Architecture smu

(GDC2004)

World

U
Sensors >
..... Working
FTRATRRcouNTER Asgau CTRLEoH Memory
Taraeting | <]

CAT7—FTOF v DHETIZHIYIEAD,
BEERTEIZTISO=ZUTEFEBALLD,
T—X T AEYZELDHIZHEAD,

Genre :Horror FPS Movement

Developer: Monolith Production

Weapons

Publisher : SIERRA U
Hardware: Windows World
Year: 2004

Agent Architecture Considerations for Real-Time Planning in Games (AlIDE 2005)
http://web.media.mit.edu/~jorkin/AIIDEQ5_Orkin_Planning.ppt
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SensorNodeCombat

SensorSeeEnemy

PassTarget

CoverNode

LAFX Y RANERBEFVY) . NABRERLGEE-VVLENSL SR

SensorNodeCombat fEfL5., BLME BN ETESHIGEMEIET .
SensorSeeEnemy EAMRZAMNFIVY
PassTarget B#RAUNETD/IRRER DT, D OFDNRABBOLRETHIZLEFIVIT S,
CoverNode [ENbSEMTESL/—F
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WorkingMemoryFact
{
Attribute<VectoriD> Position Attribute<Type>
Attribute<Vector3D> Direction {
Attribute<StimulusType> Stimulus Type Value
Attribute<Handle> Object float fConfidence
Attribute<float> Desire }

float

fUpdateTime
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voRIL
Symbol_AtNode

ED /) — FIZWaH 70

kSymbol_ kSymbol_Target

IsSuppressed

WeaponArmed

HiELTWa B < ATV S 2
kSymbol_Targetls kSymbol_AtNodeType kSymbol_
AimingAtMe EIREATD ) — RN 5 H UsingObject
ED ) — RIZWb A7V =7 b
fEoTWVBEN?
kSymbol_ .k.Symbol._
WeaponLoaded RidingVehicle kSymbol
EHINLTWD ) K71 SoNGAYAY/E TargetIsDead
\ 5E A TG D>
ZI— x> MMZDULVT (Agent-centric)

FEOIURILIE, RRETHIT—MIDWOVTDER, 4



kTargetAtme = ture

TR »
kTargetisDead = ture “/,// N\ ) l/ cHOETBIZFESZIHH-TLVS
CHOETARXEEAL

kWeaponlisLoaded = false
FACHH 2R L= IEF A T
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F.E.A.R Agent Architecture

World

U
Sensors >
..... Working
FTRATRRcouNTER Asgau CTRLEoH Memory
Taraeting | <]

CAT7—FTUFvDeEatICRIYEAS,
,._.\:L,\/kI:E' T 0%8B ALK,
—X T AREFELDIZHESS,

Genre :Horror FPS Movement

Developer: Monolith Production
Publisher : SIERRA

Weapons

Hardware: Windows World
Year: 2004

Agent Architecture Considerations for Real-Time Planning in Games (AlIDE 2005)
http://web.media.mit.edu/~jorkin/AIIDEQ5_Orkin_Planning.ppt
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Killzone 2 Architecture
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Genre: FPS
Developer: Guerrilla Games
Publisher : SCE

Hardware: PlayStation 3
2009

Based on: Alex Champandard, Tim Verweij, Remco Straatman, "Killzone 2 Multiplayer Bots",

L 2R 2R 2R 2% 4

Year:

http://files.aigamedev.com/coverage/GAIC09 Killzone2Bots StraatmanChampandard.pdf
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BiGAR IR —ZADI AT LITHEET HL., FhHhndEHZ 0y, LHL.,
TEDEMLGT —LDAITIIRYTILF LR - MR —ILIZ ST 2 ELNHY .
fEEBE 2 X492y —% (HTN, Hierarchical Task Network) DMERAEN 5,

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
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Killzone 2 Al (RILFTL AV —E—K)

(1) Killzone 2 MAIEE
(2) Killzone 2 M7 EHENEEHT

Killzone 2 Multiplayer Bots

\

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

Game Al Conference, Paris, June 2008 KILLZ(]NE"‘


http://aigamedev.com/open/coverage/killzone2/

Killzone 2 Screen

On the Al Strategy for KILLZONE 2’s Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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Killzone 2 Al (RILF I LAV —F—F)
(1) Killzone 2 MAIRE
(2) Killzone 2 D7 B ENERAT

Scope

I

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

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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Killzone2 Al
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On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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Individual Al
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On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2
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HTN (Hierarchical Task Network)

Individual Al : HTN Planner

sor RHTN Planning: Complexity and Expressivity.
K. Erol, . Hendler and D. Nau.

In Proc. AAAI-94.
resulting HTN
FSM: # Patrol Wifin-domination
Monster In Sight - #Preconditions:
E- Mo hfonster
S FEffects: Assign bot, and bot,
" patrolled to capture points
o Monster E .Flglft . Assign bot, and bot,

= ¥ Preconditions: to patrol between
= Monster n sight these points

A resulting plan: - »Effects:

No Monster bot, seeks and destroy
Menster m sight No Monster N
patrolled
——- Fight Patrol
Figure 1. Contrasting FSMs and GOAP .
resulting plan

On the Al Strategy for KILLZONE 2’s Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/

Planning Methods

«Control All Points
#Task:
win-domination

#Preconditions:
"The team consists at
least of 2 members

# Subtasks:
= Capture all
domination points
= Assion 2 members to
patrol between those
pomts
= Assign remaming
team to search and
destroy task

Figure 2. A Method and an HTN for UT bots
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HTN (Hierarchical Task Network)

Domain

Branch Branch Brdnch anch >
- 2 (= 2 (= N )

Precondition Precondition Precondition Precondition Precondition
) N ——\ ||, )\
Task | [ Task ] Task ] [ Task ]J Task ]
Task [ Task ] Task ] S / Task ]
\ J) > >

Task Task ] > (Tack Task ]
S Z2AN J > —
- /

| Task ] Task

_ . i A\ 2/
Task ZE1TT BMEFHEEIXRDHLSA TLVS Task




HTN (Hierarchical Task Network)

task: (transport ?p) task: |(transport-two ?p ?q)
I
preconditions: (at 7p ?x) preconditions:
(destination p ?y) (package ?p)
(available-truck ?t) (package 7q)

subtasks /%M subtasks:

(dispatch ?t ?x)||(load ?t ?p)| |(move 7t ?x ?y)||(return ?t ?x) (transport ?p)| |(transport ?q)

task: | (dispatch 7t ?x) task: |(return ?t ?x)
subtasks: |(reserve ?t)||(move ?t home ?x) subtasks: |(move ?t ?x home) (free ?t)

Figure 1: Methods for transporting a package 7p, transporting two packages 7p and 7q.
dispatching a truck 7t, and returning the truck. Arrows are ordering constraints.
The shaded subtasks are primitive tasks that are accomplished by the following
planning operators: (load 7t ?p) loads ?p onto ?t; (move 7t ?x 7y) moves 7t from
?x to ?y; (reserve 7t) deletes (available-truck 7t) to signal that the truck is in use;
(free 7t) adds (available-truck ?t) to signal that the truck is no longer in use.

Dana Nau et al., “SHOP2: An HTN Planning System”,
Journal of Artificial Intelligence Research 20 (2003) 379-404



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 /1'77j'—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



HTN (Hierarchical Task Network)
Methods

@ Totally ordered method: a 4-tuple
m = (name(m), task(m), precond(s2), subtasks(m))

& name(m): an expression of the form n(x,,....x))

» Xy,....Y, are parameters - variable symbols
& task(n): a nonprimitive task el

travel(x,1)

& precond(m): preconditions (literals) Qﬁ;.}ravei;jb

¢ subtasks(m): a sequence 1
of tasks <I 1o ---s 1 k} long-distance(x,v)

_— o "
— /0N T~
buy-ticket (a(x). a(y))| [travel (x. a(x))||fly (a(x). a(y))||travel (a(y). v)

air-travel(x,y)
task: travel(x,v)
precond: long-distance(x,y)
subtasks: (buy-ticket(a(x), a(v)). travel(x,a(x)), fly(a(x), a(y)),
travel(a(v),»))

Dana Mau: Lecture slides for Auformafed Planning
Licensed under the Creative Commons Attribution-MonCommercial-ShareAlike License: hitpz//creativecommons.org/licenses/by-nc-sal2 Y

Dana S. Nau,"Hierarchical Task Network Planning", Lecture slides for Automated Planning:

Theory and Practice http://www.cs.umd.edu/~nau/cmsc722/notes/chapterll.pdf



http://www.cs.umd.edu/~nau/cmsc722/notes/chapter11.pdf

HTN (Hierarchical Task Network)

Methods (Continued)

@ Partially ordered method: a 4-tuple
m = (name(m), task(m). precond(in). subtasks(imn))

+ name(/n): an expression of the form n(x,,....x,)

» Xq,....X, are parameters - variable symbols :
travel(x,y)

+ task(sm): a nonprimitive task el

# precond(m): preconditions (literals) GIIT;XEI(;D

+ subtasks(m): a partially ordered H__—I_JJ-
set of tasks {f 1o wees .";‘_} long-distance(x,v)

buy-ticket (a(x). a(y))| [travel (x. a(x))||fly (a(x). a(1))||travel (a(y). ¥)
!—/_—j/ \""--___--/

task: travel(x,v) Task [£S5F—dD

precond: long-distance(x,y) AR Lo TEIEZHhSE

network: u,=buy-ticket(a(x),a(y)), u,= travel(x,a(x)), u;=fly(a(x), a(v))
u,=travel(a(y),y), {(uyu3), (ty003), (15 ,01,) }

Dana MNau: Lecture slides for Aufomatfed Planning
Licensed under the Creative Commons Attributicn-NonCommercial-ShareAlike License: hitpo/icreativecommons.org/licenses/by-ne-sal2 0/

air-travel(x,v)

Dana S. Nau,"Hierarchical Task Network Planning", Lecture slides for Automated Planning:

Theory and Practice http://www.cs.umd.edu/~nau/cmsc722/notes/chapterll.pdf
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HTN (Hierarchical Task Network)

(:method (select weapon and attack as turret ?inp threat)
( // Only use bullets against humanoids and turrets.
(and (or (threat ?inp_threat humanoid) (threat ?inp_threat turret) )
(distance_to _threat ?inp threat ?threat distance)
(call It ?threat _distance @weapon_bullet_max_range) )
( (attack as turret using weapon_pref 7inp threat wp_bullets))
// Don't use rockets against humanoids and turrets.
(and (not (threat 7inp threat humanoid)) (not (threat ?inp threat turret))
(distance_to_threat ?inp_threat ?threat distance)
(call It ?threat distance @weapon_rocket max_range) )

((attack_as_turret using weapon_pref ?inp_threat wp_rockets))

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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HTN (Hierarchical Task Network)

:method (select weapon and attack as turret ?in
// Only use bullets against humanoids and turrets.
(and (or (threat ?inp_threat humanoid) (threat ?inp_threat turret) )
(distance_to _threat ?inp threat ?threat distance) Precondition
(call It ?threat_distance @weapon_bullet_max_range) )
( (attack as turret using weapon pref ?inp _threat wp bullets))

// Don't use rockets against humanoids and turrets.
(and (not (threat 7inp threat humanoid)) (not (threat ?inp threat turyet))
(distance_to_threat ?inp_threat ?threat distance)
(call It ?threat distance @weapon_rocket max_range) )

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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HTN (Hierarchical Task Network)
EADEE e

(:domain attack_portable_turret
(:method (attack as turret) /l Turret keeps attacking same target as
long as possible.
( // Continue branch
(active_plan attack_as turret)
( lcontinue)

/[ Attack an enemy if possible

()
( (!forget active plan *¥)
(lremember - active plan attack as turret)

(select threat and attack as turret 0)
('forget active plan **))



http://aigamedev.com/open/coverage/killzone2/

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2

Individual Al : Application

+ branch_mp_behave 7I6% (Branch)
+ (do_behave on foot mp)
+ branch_medic_revive 43I8% (Branch)
+ (do_medic_revive)
- branch_medic_revive abort
- branch_medic_revive_continue ) A+
+ branch_medic_revive
(Iforget active plan **)
('remember - active_plan medic_revive [Soldier:-TimmermanV]) s
(log_color magenta “"Medic reviving nearby entity.”) TaSkLISt
II
E

'!broadcast friendlies 30.0 10.0 medic reviving [Soldier:TimmermanV])
Iselect target [Soldier:TimmermanV])
+ (walk_to_attack 5416 crouching auto)
+ (wield_weapon_pref wp_online_mp_bot revive gun)
- branch auto and have active
- branch_auto_wp_pref S Ak
- branch_dont_switch_weapon
+ branch_switch weapon
(#0 = wp online_ mp _bot revive gun)
+ (wield_weapon_pref internal wp_online_mp_bot_revive_gun)
(luse item on entity [Soldier:TimmermanV] crouching) .
(1forget active plan **) :l TaskList

—
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On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/

Individual Al : Application

HTN PLAN (non-interruptible) - [BOT] Tremethick
DECOMPOSITION

TASK LIST

(forget active_plan **)

(lremember - active plan medic_revive [Soldier:TimmermanV])

(log_color magenta “Medic reviving nearby entity.”)

(!broadcast friendlies 30.0 10.0 medic_reviving [Soldier:TimmermanV])

(!select_target [Soldier:TimmermanV])

('walk_segment (2370 2369 2368 2367 2366 2365 ... 5416) standing auto () () ())
A (!select_weapon wp online_mp _bot revive gun)

(luse_item_on_entity [Soldier:TimmermanV] crouching)

(forget active_plan **)

ACTIVE TASK INFO
AIHTNPrimitiveTaskSelectWeapon -
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Squad Al 7—FTJF~

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2

Squad Al

Strategy
Orders }N

r daemons

Member [§ Individual
Messages Orders
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Killzone2 [ZH 1T AHTNFRET

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2

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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On the Al Strategy for KILLZONE 2's Multiplayer Bots
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Y [TET -\

(:method (order member _defend ?inp_member ?inp_id ?inp_level ?inp_marker ?inp_context_hint)

(branch_advance
()
( (1forget member status ?inp_member **)
('remember - member status 7inp member ordered to defend ?inp id)
(!start command_sequence 7inp_member ?inp level 1)
(do_announce_destination_waypoint_to_member ?inp_member)
(torder ?inp_member clear_area _filter)
(Yorder ?inp_member
set_area_restrictions (call find_areas_to_wp ?inp_member (call get_entity_wp ?
inp_marker)))
(!order custom ?inp member move to defend ?inp marker ?inp context hint)
('order_custom 7inp_member send_member_message_custom completed defend ?
inp_id)
(order set defend area restriction 7?inp_member (call get _entity area ?inp_marker))
(Yorder_custom ?inp_member defend marker ?inp_marker ?inp_context hint)
(end_command_sequence ?inp_member)

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2
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On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2

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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ANV BRIICIGCTEIRICFE R

Inspiration @

pﬁuilding a Better Battle: The Halo 3 Al Objectives System

amian Isla
ame Developers Conference, 2008.

disposable enemies persistent bots
level specific use applied generally

for designers for programmers
mostly declarative mostly procedural
story-driven strategic

On the Al Strategy for KILLZONE 2's Multiplayer Bots

http://aigamedev.com/open/coverage/killzone2/ K | I I ZO n e 2
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Inspiration @

pﬁuilding a Better Battle: The Halo 3 Al Objectives System

amian Isla
ame Developers Conference, 2008.

disposable enemies persistent bots
level specific use applied generally

for designers for programmers
mostly declarative mostly procedural
story-driven strategic

On the Al Strategy for KILLZONE 2's Multiplayer Bots

http://aigamedev.com/open/coverage/killzone2/ K | I I ZO n e 2



http://aigamedev.com/open/coverage/killzone2/
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Search and Retrieve

~

advance
attack
escort

Paris Game Al Conference, 2009. KII.I-Z[]NEN

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2/
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Killzone 2 Al (RIILFT LAY —E—K)

(1) Killzone 2 @) AIER
(2) Killzone 2 D~y 7 BEIFRAT
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Strategic Graph

Paris Game Al Conference, 2009. KILLZ()NE"‘
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Killzone 2 MDA~

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

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

On the Al Strategy for KILLZONE 2's Multiplayer Bots
http://aigamedev.com/open/coverage/killzone2
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Strategic Graph

Paris Game Al Conference, 2009. KILLZ()NE"‘
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Dave C. Pottinger, “Terrain Analysis in Realtime Strategy Games”,
http://zeniroy.springnote.com/pages/481669/attachments/212469

“Terrain Analysis in Realtime Strategy Games(PPT)”, http://vr.kaist.ac.kr/courses/cs682/data/ssw.ppt
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Fight or Flight

* Platoon encounters enemies.
— Platoon decides to engage.

e Platoon encounters point defenses.
— Losses start adding up.
- Platoon decides to back off.
— Continues engaging enemy units.

* Enemy reinforcements arrive.
— Time to cut losses and run.
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Evaluate Platoon and Enemies

Evaluate 17 data points for each

Mass Value
Shields

# of ACUs

Repair Rate

Short Range Static DPS Short Range Mobile DPS
Mid Range Static DPS Mid Range Mobile DPS
Long Range Static DPS Long Range Mobile DPS

Alternate DPS

Two Different Threat Values Based on Platoon Type
(DPS=Damage per second)

React Based on Output

Attack Weakest > =

Attack Closest
Attack Highest Value
Attack Highest Range

Attack Mobile Attack the above

Attack Engineer from Range

Attack ACU

Attack Resource
Attack Shield
Attack Defense
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Feed Input Into the Neural Network

Data points are turned into two sets
of deltas.
— Platoon vs Enemies.

— Enemies vs Platoon.

Neural network is fed forward.

— Pushes input through hidden layer and
out to output layer.

Output corresponds to platoon
actions.
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Output ‘ 15 nodes
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Training Time

1 hour per network + test time.
Completely hands off training.

Any behavior/neural network changes
starts training over!

Neural networks handle balance changes
well.
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AIIDE 2011: Al AND INTERACTIVE DIGITAL ENTERTAINMENT CONFERENCE
October 12-14, 2011, Stanford, Palo Alto, California

AlIDE 2011 is the Seventh Annual International AlIDE Conference and the Eleventh
Al and Interactive Entertainment event sponsored by AAAI

AlIDE is the definitive point of interaction between entertainment software
developers interested in Al and academic and industrial Al researchers. Sponsored
by the Association for the Advancement of Artificial Intelligence (AAAl), the
conference is targeted at both the research and commercial communities,
promoting Al research and practice in the context of interactive digital
entertainment systems with an emphasis on commercial computer and video
games.

Overview of AIIDE 2011

AlIDE 2011 will include invited speaker sessions, paper presentation sessions, a
poster session, and a demonstration session. We invite researchers and
developers to share insights and cumng—edge results from a wide range of Al-
related problems and encourage the presentation of a) resulis from core Al
research areas applicable to interactive digital entertainment and b) Al approaches
developed and fielded in commercial systems.

AlIDE 2011 is held in cooperation with AAAI, a nonprofit scientific society devoted

to advancing the scientific understanding of the mechanisms underlying thought
and intelligent behavior and their embodiment in machines.
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Humanoid Agent
in Social Game Environment (HASGE

in Social Game Environments (HASGE).

9. SC en fll'iD Eﬂgi ne

Game and scenano directives from game designers
INTERFACE: Game Directos Scripting

8. Avatar Engine (and Interface)

Player chasacter interface and action selection

7. Existential Engine ¢

Character goals, daves and deliberative hugh level action selection

INTERFACE: High-Level
6. Functional Engine

Sacial / Interpersonal Social Interaction Planning, Social Rules R E—

Task / Gameplay Behavior Planming, Gameplay Rules

And other specialized functionality) |

INTERFACE: Low-Level Function Mackup Langnage + FML Scapting

5. Behavior .Eﬂgl'lle !

Mapping from fuactional descuption to behavior descripion and behavior scupt executor

INTERFACE: Behavior Markup Langnage + Customized Mo

4, Motion Engine

Motion controllers and motion script executors
INTERFACE: Standard 3D Body Specification + Cust
3. Body Model

Character articulated skeleton, mesh and skin definition with new sensor information

nized Sensors

INTERFACE a
2. Scene Manager Pesception

\PI + Customized Perceptual Events

Representation and transformation of wodd geometry and sounds

INTERFACE: Standard 3D Rendening API
1. Rendering Engine
Rendening of graphics primitives onto the screen

Figure 1.1: The layered architecture for intelligent animated characters as proposed in the

Palli Thrainsson M.Sc. Thesis in Computer Science from Reykjavik University (2011)
"DYNAMIC PLANNING FOR AGENTS IN GAMES USING SOCIAL NORMS AND EMOTIONS"
http://www.ru.is/faculty/hannes/students/MSThesisPalliThrainsson.pdf
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HASGE Project

Reykjavik Univ, CCP)
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public:socialgame:main
Show pagesource | | Old revisions
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Humanoid Agents in
Social Game Environments

Icelandic Research Fund Grant for Excellence 2008-2010

[ Internal Project Web 1 [ @Back to CADIA ]

Background

subscribers.

interactions with players has been considered much to high.
Vision

The future scenario for the world of EVE envisioned by CADIA and CCP involves space stations throughout the online universe where
players can dock their ships, exit and mingle with other players and AI agents that hang out in lounges or mill around the commons. The
stations are realized as 3D wirtual environments and both players and agents are represented by fully articulated animated characters
The player characters, or avatars, are under the control of the players, and yet they exhibit a level of autonomy that makes them appear
fully reactive to the environment they are in. Various fully autonomous agents interact with players in order to further the EVE storyline,
filling well defined roles given to them by the CCP team. Other autonomous agents may interact with players to a lesser extent and some
may merely appear in the background, going about their business, to bring the environments to life. A large portion of the audience, the
EVE player-base, is familiar with the back-story and has particular expectations about what should happen and how the environments
should feel. Rooting all behavior in an already existing game-world provides an additional challenge that needs to be approached with
fullest respect for the history and community of EVE Online.

While the world of EVE serves as an excellent target for believable social characters, it is clear that this research is about much more
than populating this particular game universe. We approach the research issues in general terms and through our methodology we share
our results with the rest of the international research community.

Massively Multiplayer Online Role Playing Games (MMORPGs) are a relatively new form of mass entertainment delivered over the Internet in the form of live game waorlds that persist and evolve over time.
Players connect to these worlds using client software that renders the world from their perspective as they move about and meet fellow players or pursue their own goals. Over 12 million people worldwide
subscribe to MMORPGs as of July 2006 and the number is growing rapidly. @CCP Games in Iceland has hosted its space themed MMORPG "@EVE Online” since May 2003 and has about 200,000 active

While many MMORPGs portray their players as animated characters, the players of EVE never leave their space ships and therefore never see each other in person, save for their static portraits. CCP Games
has been holding off on using animated characters in part because the state-of-the-art in interactive character animation has not measured up to the standard of visual quality that CCP Games has reached
with their environments and ships. Another factor is that many of the characters in the world of EVE are autonomous entities and the level of AI needed to exhibit believable animated behavior in face-to-face

Recent changes

Searc

Table of Contents

-Principal Investigator &

~The CADIA Populus Platform

The goal of this collaborative project between CADIA and CCP is to develop new methods to create believable human behavior in animated characters for massively multiplayer games. The focus is on natural motion and believable social interaction. The characters are either fully
controlled by the game AI or they are under the direction of human players. A particular emphasis is placed on the generation of natural nonverbal behavior that supports communication. The approach involves scientific, engineering and artistic components. The analysis and
modeling of communicative human behavior is drawn from an extensive scientific knowledge base constructed over the course of CADIA's prior research. The engineering component turns scientific models into computational modules that receive a description of characters, goals
and environment and return a detailed description of appropriate nonverbal behavior. Engineering and art meet in the design of an animation engine that turns the description of behavior into a smooth continuous performance of articulated human figures on the screen, in an
aesthetic and engaging presentation. The project uses a research platform at RU for cognitive robotics (RANNOO5012021) and is a part of an ongoing research collaboration with USC in the US and University of Paris 8 in France.


http://cadia.ru.is/wiki/public:socialgame:main
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Palli Thrainsson M.Sc. Thesis in Computer Science from Reykjavik University (2011)
"DYNAMIC PLANNING FOR AGENTS IN GAMES USING SOCIAL NORMS AND EMOTIONS"
i MSThesisPalliThrainsson.pdf



http://www.ru.is/faculty/hannes/students/MSThesisPalliThrainsson.pdf
http://www.ru.is/faculty/hannes/students/MSThesisPalliThrainsson.pdf

F-formation (Kendon, 1984)

r-space

r-space

s NEADEINESESIT, AT DIUBAE,

Paul Marshall1, Yvonne Rogers and Nadia Pantidi Paul Marshall
"Using F-formations to Analyse Spatial Patterns of Interaction in Physical Environments" (2011)
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf



http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf
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Figure 2: some different F-formation configurations.
a. L-arrangement; b. face-to-face; c. side-by-side; d. semi-
circular; e. rectangular

Paul Marshalll, Yvonne Rogers and Nadia Pantidi Paul Marshall
"Using F-formations to Analyse Spatial Patterns of Interaction in Physical Environments" (2011)
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf



http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf

Steve

John Bill

Figure 4: two people form an F-formation with the counter
assistant

Paul Marshall1, Yvonne Rogers and Nadia Pantidi Paul Marshall
"Using F-formations to Analyse Spatial Patterns of Interaction in Physical Environments" (2011)
http://mcs.open.ac.uk/pervasive/pdfs/MarshallCSCW2011.pdf
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EVE ONLINE

Figure 1.3: Two pictures show the level of details of the environments in “Walking-in-
Stations”. A first demonstration was performed by CCP in November of 2008 and show-
cased an incredible level of visual realism. The challenge then becomes to make the
characters behave correctly.

Claudio Pedica,"Spontaneous Avatar Behavior for Social Territoriality"
M.Sc. Thesis in Computer Science from Reykjavik University (2009)
http://www.ru.is/faculty/hannes/students/MSThesisClaudioPedica.pdf



Intelligent Narrative Technologies

Colocated with 8th AAAT Conference on
Artificial Intelligence in Interactive Digital Entertainment
October 8th and 9th at Stanford University in Palo Alto, California

Schedule

Click on an itemn in the schedule to see its abstract.

Monday, October 8th, 2012

9:00 AM_5:15 AM

e

:15 AM_10:30 AM

10:30 AM_10:45 AM

10:45 AM—11:15 AM

11:15 AM_11:45 AM

11:45 AM_1:15 PM

-

t15 PM-1:45 PM

1:45 PM_2:15 PM

5

t15 PM-2:30 PM

M

:30 PM-2:45 PM

2:43 PM-3:00 PM

3:00 PM_3:10 PM

w

110 PM_3:30 PM

w

130 PM—6:00 PM

Opening Remarks

Stephen G. Ware and Jichen Zhu, Organizers

Kaynote Talk - Constructive Interfarence: Tachniques for
Blending Traditional Narrative Structures with Character
Simulation

Emily Short

Break

Paper Session: Individual Player Adaptation

Procedural Game Adsptation: Framing Experience Management 35
Changing an MDP

David Thue and Vadim Bulitke

Toward Narrative Schema-Based Geal Recognition Models for
Interactive Narrative Environments

Alok Baikadi, Jonathan Rowe, Bradford Mott, and James
Lestar

Lunch Break

Paper Session: Interactive Narrative in Specific Genres

Funch and Judy AI Flayset: 4 Generstive Farce Manifesto
Or: The Tragical Comedy or Comical Tragedy of Predicate Calculus
Izn Horswill

Towsards Adsptive Quest Narrative in Shared, Persistent Virtus/
Worlds

Emmett Tomai

Break

Proposal and Discussion. Interactive Plot Competition

Stephen G. Ware

Demonstration and Poster Session

Demanstration: An Experimental Testbed for Narrative in Shared,
FPersistent Warlds

Rosendo Salazar and Tomai Emmett

5 Minute Poster Teasers

Towards an Empathizing and Adaptive Storyteller System
Byung-Chull Bae, Alberto Brunete, Usman Ali Malik, Evanthia
Dimara, Jermsak Jermsurawong, and Nikolaos Mavridis

Towards Interest And Engsgement, A Framework For Adaptive
Storyteliing
Michael Garber-Barron and Mei Si

Demonstration and Poster Discussion
Interactive Narrative Game and Activity Session
Fiasco

Stephen G. Ware + up to 4 other players

Aye, Dark Overlord!

David L. Roberts s Overdord < up to 6 players
An Adventure in White Wolf's World of Darkness
Alok Baikadi as Game Master + 4 players

Fabuls

Brent Harrison as Storyteller = up to 5 players

San Talapian Studies
Created by Emily Short, organized by Stephen G. Ware, for

AIIDE 2012 WORKSHOP

Tuesday, October 9th, 2012

9:00 AM-9:30 AM

9:30 AM—-10:00 AM

10:00 AM_10:30 AM

10:30 AM_10:45 AM

10:45 AM_11:15 AM

11:15 AM_11:45 AM

11:45 AM_12:15 PM

12:15 PM—_1:435 PM
1:43 PM_3:00 PM

3:00 PM_3:13 PM

3:13 PM_3:43 PM

3:43 AM_4:13 PM

4:15 PM_4:45 PM

Paper Session: Narrative Crowd-Sourcing

A Formal Game for Eliciting Story Structure from Authors
David Roberts and Andrew Hansen

Toward Autonomous Crowd-Powered Creation of Interactive
MNarratives
Boyang Li, Stephen Lee-Urban, and Mark Ried|

Character Networks for Narrative Generation
Graham Sack

Break
Paper Session: Narrative Planning

The Intentional Fast-Forward Narrative Planner
Stephen G. Ware

Telling Interactive Player-specific Steries and Flanning for it: ASD
+ F3S5AGE = PAST
Alejandro Ramirez and Vadim Bulitkeo

Generating Narrative Action Schemas for Suspense
Spyridon Giannatos, Yun-Gyung Cheong, Mark J. Nelson, and
Georgios N. Yannakakis

Lunch Break

Panel: The Near Future of Intelligent Narrative Technologies
Moderator: Stephen G. Ware
Panelists: Ian Horswill, Mark ©. Riedl, and David L. Roberts

Break
Paper Session: Non-Verbal Narrative

Enhancing the Believability of Character Behaviors Using Nen-
Verbal Cues
MNeesha Desai and Duane Szafron

Gestural Interactions for Narrative Co-creation
Brian Magerko, Andreya Piplica, and Chris Deleon

Community Meeting
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Full paper presentations

Planning and Search

Authoring and Game Production

Evaluating Competitive Game Balance with Restricted Play

TRAMNSIT Routing on Video Game Maps
Leonid Antsfeld, Daniefl Harabar, Philio Kifby, Toby Walsh

RRT-based game level analysis, visualization, and visual refinement
Aaron Bauer, Zoran Popovic

POMCoP: Belief Space Planning for Sidekicks in Cooperative Games
Owen Macindoe, Leslie Kaelbling, Tomsas Lozano-Perez

Marrative and NPC Creation 1

Understanding Speech in Interactive Narratives with Crowdsourced
Data
Jeff Orkin, Deb Roy

Sports Commentary Recommendation System (SCoReS): Machine
Learning for Automated Marrative
Greg Lee, Vadim Bulitko, Elfiot Ludvig

Evolutionary Computing

Evolving Personalized Content for Super Mario Bros Using
Grammatical Evolution
Noor Shaker, Jufian Togefius, Miguel Nicofau, Michael O'Neilf

Evolutionary Learning of Goal Priorities in a Real-Time Strategy Game
Jay Young, Nick Hawes

Combining Search-based Procedural Content Generation and Social
Gaming in the Petalz Video Game

Sebastian Risi, Joel Lehman, David D'Ambrosio, Ryan Hall, Kenneth
Stanley

Alexander Jaffe, Alex Mifler, Erik Andersen, Yun-En Liu, Anna Karlin,
Zoran Popovic

Fast Procedural Level Population with Playability Constraints
Ian Horswill, Leif Foged

Marrative and NPC Creation 2

Representing Morals in Terms of Emotion
Margaret Sarfej, Malcolm Ryan

Reaching Cognitive Consensus with Improvisational Agents
Rania Hodhod, Brian Magerko

Player Modeling

Game-based Data Capture for Player Metrics
Aline Normayle, John Drake, Maxim Likhachev, Afla Safonova

Adapting AI Behaviors To Players in Driver San Francisco: Hinted-
execution Behavior Trees
Sergio Ocio

If Mot Now, Where? Time and Space Equivalency in Strategy Games
Baylor Wetzel, Kyle Anderson, Maria Gini, Wilma Koutstaa!

A Temporal Data-Driven Player Model for Dynamic Difficulty
Adjustment
Alexander Zook, Mark Rieal
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A series of international meetings focused on the applications of computational intelligence to games
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CIG Conferences Computational Intelligence and Games
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CIG-2011 The Computational Intelligence and Games (CIG) conference series brings together leading researchers and _ﬁ% *Eb— ! 0) : ~ 'Tx I\% '?T j
practitioners from academia and industry to discuss recent advances and explore future directions in this
CIG-2010 [Proceedings] —
Mario Al A>T Ak
CIG-2008 [Proceedings] - Learning in games « Comparative studies B P H - — X I\
« Coevolution in games = Applications of game theory Ot rl Ze : / J

CIG-2007 [Proceedings]

field. Topics of interest are include, but are not limited to:

CIG-2009 [Proceedings]

«» Neural-based approaches for games « Board and card games ~ o N N -~ —
CIG-2006 » Fuzzy-based approaches for games « Economic or mathematical games - I/ y/ 7 / 7 AAI : / ’ X I\
CIG-2005 [Proceedings] « Console and video games « Imperfect information games

= Character Development and Narrative « Non-deterministic games X 9 — 7 5 7 FAI : :/7_— Z I\
« Player/Opponent modeling in games « Evasion (predator/prey) games

« Cl/Al-based game design « Realistic games for simulation or training

= Multi-agent and multi-strategy learning « Player satisfaction in games

- X IEWeb TE 2N B
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Equivalents to the candidate move of
Chess or Go

[ Evaluation criteria for UCT]
The path connected with the Ms. Pac-Man

=Ms. Pac-Man’s short-term moving path

> A Ms. Pac-Man’s current position and
the path which saw from Ms. Pac-Man
and connected the 2nd cross—point

@ Ms. Pac Man's current position
> The path connected with Ms. Pac Man

Nozomlf Ikehata and Takeshi Ito,"Monte-Carlo Tree Search in Ms. Pac-Man",|IEEE CIG 2011, Seoul
http://cilab.sejong.ac.kr/cig2011/proceedings/ClG2011/papers/paper?.pdf



http://cilab.sejong.ac.kr/cig2011/proceedings/CIG2011/papers/paper7.pdf
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Acknowledgements : Weighted SCAN for Modeling Cooperative Group Role Dynamics

8 E
Authors Index Froduald Kabanza. Using Markov Decision Theory to
Provide a Fair Challenge in a Roll-and-Move Board Game Absiract—Social agents have the ability of communicating
= = = = = and forming groups with each other. Group members in games
- = b 3 typically share the zame role. In dynamic enviromments with
. = = = the presence of obstacles and barriers separating members
Table of Contents i ' from each other presents a situation where a member separated
from the rest of the group, while =4l a member of that group,
should mot have the same role or wpdates of the rest of the
group due to the physical distance presented by the obstacles.
Thiz study introduces a weighted version of the SCAN and
hierarchical SCAN graph dustering algorithms which are
based on meighl The agent players
in spatial strategy game scemarios tested with the weighted
SCAN have demonstrated an improved realistic behaviour in

Keynotes the social test settings.

Program

I INTRCDUCTION

Tutorials A graph iz a stucmre formed by a set of verdces and set
of edges conpecting the vertices. This mathematical
abswaction can be used to model various real-world
: x 1] Merelo, Antonio M. Mora, Thomas P. Run: : strucrures of interest to modern sciendfic applications.
Special Sessions arlos Cotta. Assessing efficiency of different evolutionary Uf}mf m'h.ﬂ ::‘smg"a g:;hmgfxfﬁfﬁimmmﬁhm i
within a group, or has a high level of similarity of some
o . - . . kind, and are weakly comnected to vertices from other
Competitions . 2 . Fal IV Zroups. Graph clustering hss 2 great importance in almost
any field of modem science and many applicatons in
computer games. It ensbles the modeling of hidden
structures in the social networks. In the field of zame
Organising Committee 6 development and game AT agent-network clustering may be
used to identify sgent’s roles such as chasing a player,
waiting or performing certain action, or objects to pursue,
such as choosing a city to occupy in an intercommected
network of cities in a strategy game.

Great amount of graph clustering slgorithms exists today
and many of them are mentoned in [1]. For the purposes of
game development notion of vertex neighborhood seems
very important to us and though certain algorithms use
adjacent vertices as information for similarity finctions we
would like to pay attention on SCAMN: Structural Clustering

E'I'I'I'I'I'IFI'I'I

Anton Chertov, Ziad Kobti, and Scott D. Goodwin

world scenarios. However, SCAN in its current form targets
only nnweighted graphs and we identify a serious limitation
to its application in realistic game development. For
instance, distance between agents may be represented by
weight of the edge conmecting them and the further the
agents are located fom each other, the weaker is their ability
to commmmnicate Presence of obstacles on the playground
makes using of SCAN senseless. In this paper we inroduce
a weighted version of SCAN which allows it to overcome
the mentioned limitations.

In the next section we discuss related work in the field of
eraph clustering, and then we discuss the SCAN algorithm
in more detmils. Next we infroduce our spproach using the
weighted version of SCAN. The next section discusses the
experiments] semp and results of a hypothetical application
that demonstrates the abilities and limitatioms of both
versions of the slgorithms in a simmlated game process.

IO. BRELATED WORE

4. Background

Merwork clustering as well as more general clustering
problems have been smdied in msny science and
engineering disciplines for 2 lomg time Fecent and
commonly used algorithms are of particular interest here.

There is no widely accepted definition of a clustering task.
Different algorithms use different definitions, but all of them
use similar notion that vertices in one cluster are somehow
similar to each other being at the same time distinct from the
wertices in other clusters.

Omne of the most well known graph clustering algorithms
is the min-max cut method [2] which partitions & graph into
only two clusters. The main idea behind this method is to
minimize the number of connections berwesn clusters and
maximize the number of links within every cluster. The
mumber of edges thar need to be removed tw isolate ™o
clhusters is called cut. The method searches for the minimized
cut and ties to imize the number of ining edges.
This method has a oumber of drawbacks [3], for instance
cuming one vertex from the graph achieves an opummm, 50

m

2| Florent Levillain, Joseph Onderi Orero, Maria Rifgi an Algorithm for Networks [7]. For clustering it uses only
structural similarity function based on vertex neighborhood
structure and peculiar itz ability to detect vertices
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This year, it will be even better: unleash the full
potential of your Al and use the race and units of your
choice.

The competition will take place at the conference for

CIG 2 O 1 1 Computational Intelligence in Games (CIG) 2011 in
South Korea. Feel free to contact us if you plan on

Sta I’C raﬂ: entering the competition.

August 31-September 3, Seoul.korea COMPetition

Organizers
Tobias Mahlmann, ITU Copenhagen
tmah@tu.dk

Mike Preuss, TU Dortmund
mike.preuss@tu-dortmund.de

Submission Deadline
August 15, 2011

Competition Webpage
hitps//Is11-www.cs.tu-dortmund.de/rts-
competition/starcraft-cig2011

Two Tracks:

Track A: Full game, free race choice
Track B: Terrans only (as in the CIG 2010 StarCraft competition)

Submitted entries will play against each other in a tournament on
maps known from major E-sports leagues.

May the best bot win and crush its enemis

StarCrafte: Brood Ware Used with permission granted to-the IEEE Conference on Computational Intelligence and

Games (CIG) 2011. Thanks Blizzard!

AZA—ZTRAIAT AR
http://cilab.sejong.ac.kr/cig2011/?page id=100

#* Ms. Pac-Man

| £/ Extracted =L Game Options  Help

Jorge Mufioz
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TORCS

PATCH

SBOTH SBOT M SBOT

UbpP UbDP ubpP

O The competition server
0 Separates the bots from TORCS
Q Build a well-defined sensor model y v A

O Works in real-time BOT BOT BOT

ND—2alb—a AIarTRE



http://cilab.sejong.ac.kr/cig2011/?page_id=100

IEEE CIGH — LA T AR

#* Ms. Pac-Man

| £/ Extracted I Game Options  Help

<AATAE
=XAT—BEERR+BE)V)7A

Our 2010 Starcraft Competition was a huge success:
many Al-based players (bots) fought for the title of the
best “Al player” for the most popular realtime strategy
(RTS) game ever, StarCraft.

This year, it will be even better: unleash the full
potential of your Al and use the race and units of your
choice.

The competition will take place at the conference for

j
CIG 2 0 1 1 Computational Intelligence in Games (CIG) 2011 in

South Korea. Feel free to contact us if you plan on
S t C - entering the competition.

August 31-September 3, Seoul, Korea COIM pEtitiO n

e,
TORCS

Organizers Two Tracks:
Tobias Mahlmann, ITU Copenhagen
tmah@itu.dk Track A: Full game, free race choice

Track B: Terrans only (as in the CIG 2010 StarCraft competition) PATCH
Mike Preuss, TU Dortmund
mike. preuss@tu-dortmund.de Submitted entries will play against each other in a tournament on SBOTH SBOT§ SBOT

maps known from major E-sports leagues.
Submission Deadline
August 15, 2011 May the best bot win and crush its enemies!

0 The competition server
Competition Webpage UDP UDP UDP
ttp://lsL1-www.cs.tu-dortmund.de/rts- 0 Separates the bots from TORCS
competition/starcraft-cig2011 5
QO Build a well-defined sensor model | 4 \ 4 A

StarCraft®: Brood War® Used with permission granted to the [EEE Conference on Computational Intelligence and : _ti
‘Games (CIG) 2011. Thanks Blizzard! D Works In rea’ tl me BOT BOT BOT

AZA—ZTRAIAT AR
http://cilab.sejong.ac.kr/cig2011/?page id=100
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Analyse Mario’s physics engine to obtain
movement equations for all objects

Create our own physics engine that can predict
next world state

Plug engine into an A* algorithm to evaluate
fitness of each node

Heuristic: How long before Mario reaches goal?
Penalty for falling into gaps or being hurt
lgnore coins, enemies, power-ups (for now!)

{£ & : Robin Baumgarten (2K Games)

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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12 1554E & : Robin Baumgarten (2K Games)
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Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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A* ALGORITHM

Best-first graph search algorithm

Need heuristic that estimates remaining
distance

Keep set of “open” nodes (initially: start node)

While open set not empty:

Pick node in open set with lowest estimated total
distance from start to goal

If node == goal: finish. Create path by backtracking
through ancestors.

Generate child nodes, put them into open list (only if
better than existing nodes for that location)
If heuristic admissible (always underestimating),
we then have the shortest path to goal.

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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IEEE CIG 2012

Data Mining

(*) The session will start at 10:20 and finish at 12:45. The papers in this session wilf

be presented in 20 minutes (including questions), since in the last 45 minutes there
will be a round table with an expert person of the industry.

Session chairs: Anders Drachen, Christian Bauckhage and Christian Thurau.

» How Players Lose Interest in Playing a Game: An Empirical Study Based on

Distributions of Total Playing Times - Christian Bauckhage, Kristian Kersting,
Rafet Sifa, Christian Thurau, Anders Drachen and Alessandro Canossa

+ In-Game Action List Segmentation and Labeling in Real-Time Strategy

Games - Wei Gong, Ee-Peng Lim, Palakorn Achananuparp, Feida Zhu, David Lo

and Freddy Chong Tat Chua
+ A Binary Classification Approach for Automatic Preference Modeling of

Virtual Agents in Civilization IV - Marlos C. Machado, Gisele L. Pappa and Luiz

Chaimowicz

» Guns, Swords and Data: Classification of Player Behavior in Computer
Games in the Wild - Anders Drachen, Rafet Sifa, Christian Bauckhage and
Christian Thurau

+ Resource Systems in Games: An Analytical Approach - Tréndur Justinussen,
Peter Hald Rasmussen, Alessandro Canossa and Julian Togelius

Abstract Games

Session chair: Philip Hingston.

+ Automatic Design of Deterministic Sequences of Decisions for a Repeated
Imitation Game with Action-State Dependency - Pablo Villacorta, Luis
Quesada and David Pelta

» Update Rules, Reciprocity and Weak Selection in Evolutionary Spatial
Games - Garry Greenwood and Phillipa Avery

+ Deck-Based Prisoner's Dilemma - Daniel Ashlock and Elizabeth Knowles

+ Noise Tolerance for Real-time Evolutionary Learning of Cooperative
Predator-Prey Strategies - Mark Wittkamp, Luigi Barone, Philip Hingston and
Lyndon While

+» From Competition to Cooperation: Co-evolution In A Rewards Continuum -
Daniel Ashlock, Wendy Ashlock, Spyridon Samothrakis, Simon Lucas and Colin
Lee

Board Games I

RTS1I

Session chair: Daniel Ashlock.

Potential-Field Based navigation in StarCraft - Johan Hagelback

Simulation-based Optimization of StarCraft Tactical AI through
Evolutionary Computation - Nasri Othman, James Decraene, Wentong Cai,
Nan Hu, Malcolm Yoke Hean Low and Alexandre Gouaillard

Applying Reinforcement Learning to Small Scale Combat in the Real-Time
Strategy Game StarCraft:Broodwar - Stefan Wender and Ian Watson

Special Tactics: a Bayesian Approach to Tactical Decision-making - Gabrigl
Synnaeve and Pierre Bessiére

Board Games II

Session chair: Thomas Philip Runarsson.

Playing PuyoPuyo: Two Search Algorithms for Constructing Chain and
Tactical Heuristics - Kokolo Ikeda, Daisuke Tomizawa, Simon Viennot and Yuu
Tanaka

Imitating Play from Game Trajectories: Temporal Difference Learning
versus Preference Learning - Thomas Philip Runarsson and Simon Lucas

TD(Lambda) and Q-Learning Based Ludo Players - Majed Alhairy, Faisal Alvi
and Moataz Ahmed

Comparison of Bayesian Move Prediction Systems for Computer Go - Martin
Wistuba, Lars Schaefers and Marco Platzner

PCG I

Session chair: Cameron Brown.

Generating Interesting Monopoly Boards from Open Data - Marie Gustafsson
Friberger and Julian Togelius

Computational Creativity in a Closed Game System - Cameron Browne and
Simon Colton

Evolving Levels for Super Mario Bros Using Grammatical Evolution - Noor
Shaker, Miguel Nicolau, Georgios N. Yannakakis, Julian Togelius and Michael
O'neill

Statistical Analyses of Representation Choice in Level Generation -
Cameron McGuinness

Learning and Planning

Session chair: Peter Cowling.

+ Win/Loss States: An efficient model of success rates for simulation-based
functions - Jacques Basaldua and 1. Marcos Moreno-Vega

+ Evolving Both Search and Strategy for Reversi Players using Genetic
Programming - Amit Benbassat and Sipper Moshe

» Dynamic Difficulty for Checkers and Chinese Chess - Laurentiu Ilici, Jiaojian
Wang, Olana Missura and Thomas Gartner

+ Exploring Optimization Strategies in Board Game Abalone for Alpha-Beta
Search - Athanasios Papadopoulos, Konstantinos Toumpas, Anthony
Chrysopoulos and Pericles A, Mitkas

Session chair: Simon Lucas.

Self-Adaptive Games for Rehabilitation at Home - Michele Pirovano, Renato
Mainetti, Gabriel Baud-Bovy, Pier Luca Lanzi and Nunzio Alberto Borghese

Controlling Cooperative and Conflicting Continuous Actions with a Gene
Regulatory Network - Sylvain Cussat-Blanc, Stephane Sanchez and Yves
Duthen

Learning and evolving combat game controllers - Luis Pefia, Jose-Maria
Pefia, Simon Lucas and Sascha Ossowski

The Huddle: Combining AT Techniq to Coordinate a Player's Game
Characters - Timothy Davison and Jorg Denzinger

A Monte-Carlo Path Planner for Dynamic and Partially Observable
Environments - Munir Naveed, Diane Kitchin, Andrew Crampton, Lukas Chrpa
and Peter Gregory
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PCGII

Preference Modelling and Emotion

Session chair: Antonio Mora Garcia.

+ Aesthetic Terrain Programs Database for Creativity Assessment - Miguel
Frade, Francisco Fernandez De Vega and Carlos Cotta

« Emotional Behavior Trees - Anja Johansson and Pierangelo Dell'Acqua

» Learning Visual Composition Preferences from an Annotated Corpus
Generated through Gameplay - Reid Swanson, Dustin Escoffery and Armav
Jhala

« The Perfect Looting System: looking for a Phoenix? - Dario Maggiorini,
Antonio Nigro, Laura Anna Ripamonti and Marco Trubian

+ Evaluating the Enjoyability of the Ghosts in Ms Pac-Man - Wichit Sombat,
Philipp Rohlfshagen and Simon Lucas

Monte Carlo Tree Search

Session chairs: Philipp Rohlfshagen, Edward Powley and Cameron Brown.

+« Monte Carlo Tree Search: Long-term versus Short-term Planning - Diego
Perez, Philipp Rohlfshagen and Simon Lucas

+ Beam Monte-Carlo Tree Search - Hendrik Baier and Mark H. M. Winands

+ Monte Carlo Tree Search with macro-actions and heuristic route planning
for the Physical Travelling Salesman Problem - Edward J. Powley, Daniel
Whitehouse and Peter 1. Cowling

+» Comparison of Different Selection Strategies in Monte-Carlo Tree Search
for the Game of Tron - Pierre Perick, David L. St-Pierre, Francis Maes and
Damien Ernst

RTS II

Session chair: Clare Bates Congdon.

+ Adaptive bots for real-time strategy games via map characterization -
Antonio 1. Fernandez-Ares, Pablo Garcia-5anchez, Antonio Mora and 1.1, Merelo

Imitative Learning for Real-Time Strategy Games - Quentin Geming, Firas
Safadi, Raphaél Fonteneau and Damien Ernst

+« Towards Adaptive Online RTS AI with NEAT - Jason Traish and James Tulip

» SCAIL: An integrated Starcraft AI System - Jay Young, Fran Smith,
Christopher Atkinson, Ken Poyner and Tom Chothia

PCGII

Session chair: Mike Preuss.

BeatTheBeat Music-Based Procedural Content Generation In a Mobile Game
- Annika Jordan, Dimitri Scheftelowitsch, Jan Lahni, Jannic Hartwecker, Matthias
Kuchem, Mirko Walter-Huber, Nils Vortmeier, Tim Delbruegger, Uemit Gueler,
Igor Vatolkin and Mike Preuss

Smart Terrain Causality Chains for Adventure-Game Puzzle Generation -
Isaac Dart and Mark 1. Nelson

A procedural procedural level generator generator - Manuel Kerssemakers,
Jeppe Tuxen, Julian Togelius and Georgios N. Yannakakis

Evolving Spaceship Designs for Optimal Control and the Emergence of
Interesting Behaviour - Samuel Roberts and Simon Lucas

Bot AI + Car Racing

Session chair: Pier Luca Lanzi.

Personality Profiles for Generating Believable Bot Behaviors - Casey
Rosenthal and Clare Bates Congdon

Learning to Intercept Opponents in First Person Shooter Games - Bulent
Tastan, David Chang and Gita Sukthankar

Interactively training first person shooter bots - Michelle McPartland and
Marcus Gallagher

Evolving the Optimal Racing Line in a High-End Racing Game - Matteo Botta,
Vincenzo Gautieri, Daniele Loiacono and Pier Luca Lanzi

Progressive Neural Network Training For The Open Racing Car Simulator -
Christos Athanasiadis, Damianos Galanopoulos and Anastasios Tefas

Pac-Man

Session chair: Mike Preuss.

+ BeatTheBeat Music-Based Procedural Content Generation In a Mobile Game
- Annika Jordan, Dimitri Scheftelowitsch, Jan Lahni, Jannic Hartwecker, Matthias
Kuchem, Mirko Walter-Huber, Nils Vortmeier, Tim Delbruegger, Uemit Gueler,
Igor Vatolkin and Mike Preuss

+» Smart Terrain Causality Chains for Adventure-Game Puzzle Generation -
Isaac Dart and Mark 1. Nelson

« A procedural procedural level generator generator - Manuel Kerssemakers,
Jeppe Tuxen, Julian Togelius and Georgios N. Yannakakis

Evolving Spaceship Designs for Optimal Control and the Emergence of
Interesting Behaviour - Samuel Roberts and Simon Lucas

Session chair: Julian Togelius.

Reactive Control of Ms. Pac Man using Information Retrieval based on
Genetic Programming - Matthias Brandstetter and Samad Ahmadi

Influence Field-based Controllers for Ms PacMan and the Ghosts - Johan
Svensson and Stefan 1. Johansson

Enhancements for Monte-Carlo Tree Search in Ms Pac-Man - Tom Pepels and
Mark H.M. Winands

A Model-based Cell Decomposition Approach to Online Pursuit-Evasion Path
Planning and the Video Game Ms. Pac-Man - Greg Foderaro, Ashleigh
Swingler and Silvia Ferrari

FRIGHT: A Flexible Rule-Based Intelligent Ghost Team for Ms. Pac-Man -
David J. Gagne and Clare Bates Congdon
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Goal: Promote Replayability

Procedurally Populated Environments

\ 4
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» Structured Unpredictability in Left 4 Dead

Wanderers (high frequency)

¢ Common Infected that wander around in a daze until alerted by a
Survivor

Mobs (medium frequency)

¢ A large group (20-30) of enraged Common Infected that periodically
rush the Survivors

Special Infected (medium frequency)
¢ Individual Infected with special abilities that harass the Survivor team

Bosses (low frequency)
e Powerful Infected that force the Survivors to change their strategy

Weapon Caches (low frequency)
e Collections of more powerful weapons

Scavenge Items (medium frequency)
e Pipe bombs, Molotovs, Pain Pills, Extra Pistols
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(1) Michael Booth, "Replayable Cooperative Game Design: Left
4 Dead," Game Developer's Conference, March 2009.

(2) Michael Booth, "The Al Systems of Left 4 Dead," Artificial
Intelligence and Interactive Digital Entertainment Conference
at Stanford.

http://www.valvesoftware.com/publications.html

(3) =F [F—EB, “AZAI” [T — LD
P.186-190, Y I\ YT AT4T
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Aline Normoyle, John Drake,Maxim Likhachev,Alla Safonova,
Game-Based Data Capture for Player Metrics (AIIDE 2012)
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