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Works (2006-2012)

Chrome Hounds (2006)
Demon’s Souls (2009)
PokaPoka Airu Village (2011)
Armored Core V (2012)
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Encoding and generating videogame mechanics
http://www.kmijn.org/notes/generating mechanics bibliography.html
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Fig. 2. Framework of the Ludi system.

Cameron Browne & Frederic Maire (2010). Evolutionary game design. |[EEE
Transactions on Computational Intelligence and Al in Games 2(1): 1-16.
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Fig. 3. Basic game model.

Cameron Browne & Frederic Maire (2010). Evolutionary game design. |[EEE
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Fig. 6. Player-centric aesthetic model of games.

Cameron Browne & Frederic Maire (2010). Evolutionary game design. |[EEE
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GAME american_checkers
GOALS stalemate opponent
BOARD SIZE 8BY 8
BOARD_TYFE planar
PROMOTE_RANK &8
SETUP man AT {1 1iid 1aia T e
(sl aaaAnT g
CONSTRAINTS  must_capture '
DEFINE man DEFINE king
MOVING MOVING
MOVEMENT MOVEMENT
LEAP LEAP
(1.1 BYMMETRY ! side] 1.1 SYMMETRY | forward side)
END MOVEMENT END MOVEMENT
END MOVING END MOVING
CAPTURING CAPTURING
CAPTURE CAPTURE
BY (hop) BY {hop)
TYPE [|opponent| any _piece] TYPE ||opponent| any _piece]
EFFECT remove EFFECT remove
MOVEMENT MOVEMENT
HOP BEFORE [X = 0] HOP BEFORE [X = 0]
OVER [X=1] OVER [X=1]
AFTER [X=10] AFTER [X=10]
HOP_OVER [{ opponent| any_piece] HOP_OVER [{opponent) any_piece]
(1.1 SYMMETRY {side) (1.1 SYMMETRY {forward side)
END MOVEMENT END MOVEMENT
END CAPTURE END CAPTURE
END CAPTURING END CAPTURING
PROMOTING PROMOTING
PROMOTE.TO king PROMOTE.TO king
END PROMOTING END FROMOTING
CONSTRAINTS continue_captures CONSTRAINTS continue_captures
END DEFINE END DEFINE
END GAME.

Figure 3: Definition of American Checkers as a symmetric chess-like game.

Barney Pell (1992). METAGAME in symmetric chess-like games.In Heuristic
Programming in Artificial Intelligence 3 — The Third Computer Olympiad, Ellis Horwood.
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FHILWVFT AN — L

A Class Definition

This grammar for symmetric chess-like games is presented in an extended-

BNF notation. Capitalized and quoted words are terminal symbols, except

for T0ENTIFIER and wUMEFR, which stand for any identifier and any number,

al. The grammar is not case-

apitalized words for clarity.

can appear within gam nitions. Comments begin with per-
t') and end with the start of a new line

26

Figure 1: A vertical-cylinder board and capture movements o
pS|
pi
identif IDENTIFIER | IDENTIF f
square 1 {" =q = "}
squa quare | sg q
-

Barney Pell (1992). METAGAME in symmetric chess-like games.In Heuristic
Programming in Artificial Intelligence 3 — The Third Computer Olympiad, Ellis Horwood.
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Fig. I. The example game at £ = 0. The cyan circle is the agent, the other
circles are things of different colours. Note that all the thing positions are
randomized, whereas the layout of the walls is hard-coded and subject to
neither evolution nor changes during gameplay.

Fig. 1. Screenshot of gameplay for a generated mini-game in the
Fariations Forever prototype. The player controls the white character
using an Astercids-inspired movement model, trying to touch all red
characters which move via a Pac-Man-inspired movement model. The
encircling walls, random-walls and random-blocks algemthms have
generated dangerous obstacles which can harm the player’s square. This
particular game’s rules also define the stars and grid backdrop details as
well as a third kind of character (vellow) which dnifts on its own.

Aam M. Smith & Michael Mateas (2010). Variations Forever: Flexibly generating rulesets from a
sculptable design space of mini-games. In Proceedings of the 2010 IEEE Conference on
Computational Intelligence and Games, pp. 273-280.

Julian Togelius & Jirgen Schmidhuber (2008). An experiment in automatic game design.
In Proceedings of the 2008 IEEE Conference on Computational Intelligence and Games, pp. 111-118.
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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* IN MARIO: CURRENT POSI

current node

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
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A* IN MARIO: CHILD NODES

Jump right, jump
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current node right, speed

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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A* IN MARIO: BACKTRACK

right, jump, speed

S

current node right, speed

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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A* IN MARIO: BEST FIRST

right, jump, speed




A* IN MARIO: EVALUATE

current hode

O O

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

O O

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
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HEURISTIC

Using Mario’s current speed and acceleration,
how long does it take to reach the goal?

Assume maximum acceleration and no
obstacles (admissible heuristic!)

Xa = Xa+1.2
X = X+Xa
Xa = xa * 0.89

Optimisation: Find a closed form for this.

Mario Al Competition@ ICE-GIC 2009
Sergey Karakovskiy and Julian Togelius
http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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Xa = Xa+1.2
X = X+Xa
Xa = xa * 0.89

rio Al Competition@ ICE-GIC 2009

Sergey Karakovskiy and Julian Togelius

http://julian.togelius.com/mariocompetition2009/GIC2009Competition.pdf
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% (Halo2)

Genre: SciFi-FPS
Developer: BUNGIE Studio
Publisher : Microsoft

Hardware: Xbox, Windows, Mac
Year: 2004

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



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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WorkingMemoryFact
{
Attribute<Vector3D> Position Attribute<Type> [E]
Attribute<Vector3D> Direction {
attribute<StimulusType> Stimulus Type Value ll‘%#ﬁd){%*ﬁrﬂ;
Attribute<Handle> Object float fConfidence
Attribute<float> Desire }
‘Ei;rat fUpdateTime
}

Jeff Orkin, "Three States and a Plan: The A.l. Of F.E.A.R(GDC2006)
(Document,PPT,Movie)", 2006 http://www.jorkin.com/gdc2006_orkin_jeff fear.zip
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Derived data

Threat 0.8
Target weight 0.9
“Intentions” hurt_me

Griesemer,J, "The lllusion of Intelligence: The Integration of Al and Level Design in Halo", 2002
http://www.bungie.net/images/Inside/publications/presentations/publicationsdes/design/gdc02_jaime_griesemer.pdf
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World Representation (WR)
Location-based Information System &0V,

Yo | v oA o T w, polar visibility | W, may have line-of-fire
.'* . ' T A2, tow, if:
D Wa i | S 5 -5 O D 2 8
- < . o i L - 3 ----- G.—_j—-g n table{w,, d) = 7 and
- distance A ™y - g lg. u table(w,, d") 2 7
) = _7_‘ AT o -3 o
- o L w7
0 AN Y b ; 070 w, has cover from w, if:
! — . __"‘_. _ o :4 . 3' u table{w,, d") < 7 or
. O™ 1 L x table(w,, d) < 7
. a.4
S e w, polar visibility

(f5l) 8ARMDFAIRIEHDENRAUMMIIBDHRAFENT=VTARAMEF (Killzone)

Straatman, R., Beij, A., Sterren, W.V.D., "Killzone's Al : Dynamic Procedural Combat Tactics", 2005
http://www.cgf-ai.com/docs/straatman_remco_killzone_ai.pdf



Character Navigation

Moving Character in the Environment

The Official
Counter-Strike

Genre: FPS

Developer: TURTLEROCK STUDIO
Publisher :

Hardware: PC

Year:
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Damian Isla,"Building a Better Battle: HALO 3 Al Objectives",
http://www.bungie.net/inside/publications.aspx
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Killzone2 Assassin’s Creed

Michael Booth, "The Al Systems of Left 4 Dead," Artificial Intelligence and Interactive Digital Entertainment Alex J. Champandard, Remco Straatman, Tim Verweij, "On the Al Strategy for KILLZONE 2's Bots”
Conference , http://www.valvesoftware.com/publications.html http://aigamedev.com/open/coverage/killzone2/
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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



Halo Agent Architecture
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Publisher : Microsoft
Emotions

Hardware: Xbox, Windows, Mac
Year: 2002

|
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Developer: BUNGIE Studio X ﬁe;sich |
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Jaime Griesemer(GDC 2002),The lllusion of Intelligence: The Integration of Al and Level Design in Halo
http://www.bungie.net/Inside/publications.aspx



F.E.A.R Agent Architecture

Genre:Horror FPS
Developer: Monolith Production
Publisher : SIERRA

Hardware: Windows
Year: 2004

World

U

Sensors

Targeting

Planner

Working
Memory

Navigation

Animation /
Movement

Weapons

o o U

Blackboard

U

World

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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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
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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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WorkingMemoryFact
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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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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 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)

m
®
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k
T
k
m [
¥
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N
L

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

Individual Al

g, daemons

’/
Threats
'y

Controller
input

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
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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) B 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,) }
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