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Ludii
Ludii is a general game system

For:

e Modelling

e Playing

e Evaluating

e Reconstructing
e Optimising

e Generating

a wide range of games
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Digital Ludeme Project

Digital Ludeme Project:

e Five-year research project

e ERC Consolidator Grant (€2m)

e Maastricht’s DKE since April 2018

Team:

e Cameron Browne (PI)

e Eric Piette (Postdoc)

e Matthew Stephenson (Postdoc) GG

e Walter Crist (Postdoc)

e Dennis Soemers (PhD) European Research Council

Established by the European Commission

Computational study of the world’s
traditional games throughout history
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Objectives

1. Model Full range of traditional strategy games
in a single playable digital database

2. Reconstruct Missing knowledge about traditional games

3. Map Spread of games throughout recorded history

Aim: To improve our understanding of traditional games,
and their development, using modern Al techniques

% Maastricht University



Scope

Target:
e Model 1,000 most important traditional strategy games
e Single consistent format
e Single playable database
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Motivation

Problem:
e No existing GG approach supports full range of games

Solution:

e Ludii GGS
e Designed specifically for this purpose
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Approach

Decompose games into ludemes:
e Units of game-related information
e Equipment + rules

Only way to model full range of games required

Based on earlier Ludi system (PhD 2009):
e Successfully evolved board games
e Several key improvements

Ludi was the proof of concept
Ludii is the full package
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Comparison

Ludi

e Simple

e Clear

e Evolvable
e General

e Extensible
o Efficient
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Comparison
Ludi

e Evolvable v
e General

e Extensible
e Efficient

% Maastricht University

Ludii

e Simple

e Clear

e Evolvable
e General

e Extensible
e Efficient



Comparison

Ludi Ludii

e Simple v e Simple

e Clear Vv e Clear

e Evolvable v e Evolvable
e General X e General

e Extensible X e Extensible
e Efficient X e Efficient
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Comparison

Ludi Ludii

e Simple v e Simple

e Clear Vv e Clear Vv

e Evolvable v e Evolvable Vv
e General X e General Vv

e Extensible X e Extensible ¥
e Efficient X e Efficient v

Ludii runs ~100x faster for most games
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Key Differences
1. Forward Model

e Ludi:
— Backtracking model (undo info per move)
— Alpha-beta search with heuristics
— Slow and unreliable (experimental bias)

e Ludii:
— Forward model only
— MCTS with biased playouts

2. Class Grammar:
e Game grammar generated directly from code

e Explained shortly
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Release Schedule

1. Pre-Release

e Today

e Beta version: http://ludii.games

e Please try it out and give us feedback
e Still incomplete and subject to change

2. Official Public Release

e 1 January 2020

% Maastricht University


http://ludii.games/

games

Lud
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GDL?

Current academic standard

Exists for 14 years, 52 (really different)
games including 3 incomplete

Different competitions: IGGPC, Open
Tiltyard, ...

N players, turn based, finite,
deterministic, full information games

Different extensions: GDL-II, GDL-III, rtGDL
A lot of General Game players exist:

MCTS, (S)CSP, ASP, logic programming,

No automatic User Interface (GUI)

% Maastricht University

(role white)
(init
(init
(init
(init

(<=

(<=
(<=
(<=

(<=

(<=

(<=

(<=
(<=
(<=

(<=

(<=

(<=

(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=

(role black)

(cell 1 1 b)) (init (cell 1 2 b))
(cell 2 1 b)) (init (cell 2 2 b))
(cell 3 1 b)) (init (cell 3 2 b))
(control white))
(legal ?w (mark ?x ?y))
(true (control ?w)))
(legal white noop) (true (control black)))
(legal black noop) (true (control white)))
(next (cell ?m ?n x)) (does white (mark ?m ?n))
(true (cell ?m ?n b)))
(next (cell ?m ?n o))
(true (cell ?m ?n b)))
(next (cell ?m ?n ?w))
(distinct ?w b))

(next (cell ?m ?n b))
(true (cell ?m ?n b))
(distinct ?n ?k)))
(next (control white)) (true (control black)))
(next (control black)) (true (control white)))
(row ?m ?x) (true (cell ?m 1 ?x))

(true (cell ?m 2 ?x)) (true (cell ?m 3 ?x)))
(column ?n ?x) (true (cell 1 ?n ?x))

(true (cell 2 ?n ?x)) (true (cell 3 ?n ?x)))
(diagonal ?x) (true (cell 1 1 ?x))

(true (cell 2 2 ?x)) (true (cell 3 3 ?x)))
(diagonal ?x) (true (cell 1 3 ?x))

(true (cell 2 2 ?x)) (true (cell 3 1 ?x)))
(line ?x) (row ?m ?x))
(line ?x) (column ?m ?x))
(line ?x) (diagonal ?x))
open (true (cell ?m ?n b)))
(goal white 50) (not open) (not (line x))
(goal white 0) open (not (line x)))

(goal black 100) (line o))

(goal black 50) (not open) (not (line x))
(goal black 0) open (not (line 0)))
terminal (line x))

terminal (line 0))

terminal (not open))

(true (cell ?x ?y b))

(does black (mark ?m ?n))
(true (cell ?m ?n ?w))

(does ?w (mark ?3j ?k))
(or (distinct ?m ?3j)

(<= (goal white 100)
(not (line 0)))

(init (cell 1 3 b))
(init (cell 2 3 b))
(init (cell 3 3 b))

(line x))

(not (line 0)))



And with Ludii ?

//;game Meon

\

(mode 2)
(equipment {
(board (square 3)
(disc P1l)
(cross P2)

(square))

)

(rules
(play (to (mover)
(end
(line 3)
(result Mover Win)

(empty)))

U2
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(role
(init
(init
(init
(init

(<=

(<=
(<=
(<=

(<=

(<=

(<=

(<=
(<=
(<=

(<=

(<=

(<=

(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=
(<=

white) (role black)

(cell 1 1 b)) (init (cell 1 2 b))
(cell 2 1 b)) (init (cell 2 2 b))
(cell 3 1 b)) (init (cell 3 2 b))
(control white))
(legal ?w (mark ?x ?y))
(true (control ?w)))
(legal white noop) (true (control black)))
(legal black noop) (true (control white)))
(next (cell ?m ?n x)) (does white (mark ?m ?n))
(true (cell ?m ?n b)))
(next (cell ?m ?n o))
(true (cell ?m ?n b)))
(next (cell ?m ?n ?w))
(distinct ?w b))
(next (cell ?m ?n
(true (cell ?m ?n
(distinct ?n ?k)))
(next (control white)) (true (control black)))
(next (control black)) (true (control white)))
(row ?m ?x) (true (cell ?m 1 ?x))

(true (cell ?m 2 ?x)) (true (cell ?m 3 ?x)))
(column ?n ?x) (true (cell 1 ?n ?x))

(true (cell 2 ?n ?x)) (true (cell 3 ?n ?x)))
(diagonal ?x) (true (cell 1 1 ?x))

(true (cell 2 2 ?x)) (true (cell 3 3 ?x)))
(diagonal ?x) (true (cell 1 3 ?x))

(true (cell 2 2 ?x)) (true (cell 3 1 ?x)))
(line ?x) (row ?m ?x))
(line ?x) (column ?m ?x))
(line ?x) (diagonal ?x))
open (true (cell ?m ?n b)))
(goal white 50) (not open) (not (line x))
(goal white 0) open (not (line x)))

(goal black 100) (line o))

(goal black 50) (not open) (not (line x))
(goal black 0) open (not (line 0)))
terminal (line x))

terminal (line 0))

terminal (not open))

(true (cell ?x ?y b))

(does black (mark ?m ?n))
(true (cell ?m ?n ?w))

b))
b))

(does ?w (mark ?3j ?k))
(or (distinct ?m ?3j)

(<= (goal white 100)
(not (line 0)))

(init (cell 1 3 b))
(init (cell 2 3 b))
(init (cell 3 3 b))

(line x))

(not (line 0)))



Example (extract) GDL : Hex

(role red)
(role blue)

(<= (base (cell ?m ?n ?role))
(row ?m)
(col ?n)
(role ?role))

(<= (base (connected ?k ?m ?n))
(succ ?k ?0)
(row ?m)
(col ?n))

(<= (base (owner ?k ?role))
(succ ?k ?0)
(role ?role))

(<= (base (step ?k))
(succ ?k ?0))

(<= (base (control ?role))
(role ?role))

(<= (input ?role (place ?m ?n))
(role ?role)
(row ?m)
(col ?n))

(<= (input ?role noop)
(role ?role))

% Maastricht University

(init (control red))

(init (step 1))

(<= (legal ?role (place ?m ?n))
(true (control ?role))
(row ?m)
(col ?n)
(not (true (cell ?m ?n red)))
(not (true (cell ?m ?n blue))))

(<= (legal red noop)
(true (control blue)))

(<= (legal blue noop)
(true (control red)))

(<= (next (cell ?m ?n ?role))
(does ?role (place ?m ?n)))

(<= (next (cell ?m ?n ?role))
(true (cell ?m ?n ?role)))

(<= (next (step ?n))
(true (step ?m))
(succ ?m ?n))

(<= (next (owner ?k ?role))
(true (step ?k))
(true (control ?role)))

(<= (next (owner ?k ?role))
(true (owner ?k ?role)))

(<= (next (connected ?k ?m ?n))
(does ?role (place ?m ?n))
(true (step ?k)))

(<= (next (connected ?k ?m ?n))
(transfer ?e)
(true (connected ?e ?m ?n))
(true (step ?k)))

(<= (next (connected ?k ?m ?n))
(true (connected ?k ?m ?n))
(not (transfer ?k)))

(<= (next (control red))
(true (control blue)))

(<= (next (control blue))
(true (control red)))

(<= (transfer ?k)
(does ?role (place ?x ?y))
(true (owner ?k ?role))
(true (connected ?k ?m ?n))
(adjacent ?x ?y ?m ?n))

(<= (goal red 100) redpath)
(<= (goal red 0) (not redpath))

(<= (goal blue 100) bluepath)
(<= (goal blue 0) (not bluepath))

(<= terminal redpath)
(<= terminal bluepath)

(<= (adjacent ?j ?k ?j ?n)
(nextcol ?k ?n)
(row ?j))

(<= (adjacent ?j ?k ?j ?n)
(nextcol ?n ?k)
(row ?j))

(<= (adjacent ?j ?k ?m ?k)
(nextrow ?j ?m)
(col ?k))

(<= (adjacent ?j ?k ?m ?k)
(nextrow ?m ?j)
(col ?k))

(<= (adjacent ?j ?k ?m ?n)
(nextrow ?m ?j)
(nextcol ?k ?n))

(<= (adjacent ?j ?k ?m ?n)
(nextrow ?j ?m)
(nextcol ?n ?k))

(<= redpath
(true (connected ?k a ?i))
(true (connected ?ki ?j))
(true (owner ?k red)))

(<= bluepath
(true (connected ?k ?i 1))
(true (connected ?k ?j 9))
(true (owner ?k blue)))



Example Ludii: Hex

&

/Tgame "Hex"

(mode 2)
(equipment) {
(board (rhombus 11 11) (hex))
(ball Each)
(regions Pl { (edge NE) (edge SW) 1})
(regions P2 { (edge NW) (edge SE) 1})
} )
(rules
(play (to (empty)))
(end (connect Mover) (result Mover Win))

)

\J

/
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A more complex game in GDL? Chess?
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A more complex game in GDL? Chess?

* No, impossible to show that in GDL... too long!

4,398 different tokens to describe it!
* More than 20 pages of logic programming!

* Consequently, hard/impossible to improve it! And not efficient!
(0.06 playouts/s for one of the best interpreter (propnet))
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A more complex game in GDL? Chess?

* No, impossible to show that in GDL... too long!

4,398 different tokens to describe it!
* More than 20 pages of logic programming!

* Consequently, hard/impossible to improve it! And not efficient!
(0.06 playouts/s for one of the best propnet)

Let’s try to understand Ludii now!
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Ludeme = Ludus/Ludology + Meme

e Game “memes”:
— Units of game-related information

— Building blocks (DNA) of games
— Encapsulate key concepts

e |[n the context of Ludii:
— Any game aspect that can be modelled mathematically
— Equipment and rules

[ (disc P1) j [ (line 3)

% Maastricht University



Description in Ludii

A game is composed of three parts:
* Mode: Number of k players

* Equipment:
- Components: pieces, cards, tiles, dice, numbers, etc.
- Containers: board, hand, deck, pool, etc.
- Others: regions, tracks or maps.

* Rules:
- Start: To define the initial state
- Play: The rules of movement
- End: The conditions to reach a terminal state and the
result (Win, Loss, Draw, Tie, Abort)

% Maastricht University



Let’s Make Amazon!
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All Games:
board:
chase:
hunt:
tafl:
displace:
chesslike:

elimination:

leaping:

mancala:
race:

fill:

reach:

track:
space:

blocking:

connection:

line:
territory:
cards:
mathematical:
graph:
hand:
puzzle:
deduction:
others:

Maastricht University

How many games ?

Number of .lud files per category:

N
N PN PWND OO

N
®

N

=
U~ NDN U=

All Ludemes:
equipment:
component:
container:
tiling:
shape:
modify:
other:
function:
boolean:
int:
region:
metadata:
mode :
player:
model:
rules:
end:

play:

consequences:

decision:
start:
types:
area:
card:
edge:
margin:
region:
role:
step:
variable:

All Ludemes (no GUI):

All Ludemes (no GUI/Type):

How many ludemes ?

114



Simplicity = short description

Amazons (10x10) 1,158 4.4%

Breakthrough (8x8) 65 679 9.5%
Chess (8x8) 544 4,398 12.4%
Connect-4 (6x7) 31 751 4.1%
Dots & Boxes (6x6) 41 689 6.0%
English Draughts (8x8) 161 1,282 12.6%
Gomoku (15x15) 21 514 4.1%
Hex (9x9) 81 702 11.5%
Knightthrough (§x8) o8 012 111% " Number of Tokens
Reversi (8x8) 103 894 11.5% Ludii vs GDL
Skirmish (8x8) 206 2,141 9.6%
Tic-Tac-Toe (3x3) 25 381 6.6%
Tron (10x10) 34 405 8.4%
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Modify a game?

/7§ame "Tic-Tac-Toe" <\\
(mode 2)
(equipment {
(board (square 9)
(disc P1)
(cross P2)

(square))

})

(rules

(role
(init
(init
(init

white)
(cell 1 1 b))
(cell 2 1 b))
(cell 3 1 b))

(role black)

(init (cell 1 2 b))
(init (cell 2 2 b))
(init (cell 3 2 b))

(init (control white))

(<= (legal ?w (mark ?x ?y))
(true (control ?w)))

(<= (legal white noop)

(<= (legal black noop)

(<= (next (cell ?m ?n x))
(true (cell ?m ?n b)))

(<= (next (cell ?m ?n 0))
(true (cell ?m ?n b)))

(<= (next (cell ?m ?n ?w))
(distinct ?w b))

(<= (next (cell ?m ?n b))
(true (cell ?m ?n b))
(distinct ?n ?k)))

(<= (next (control white))

(<= (next (control black))

(<= (row ?m ?x) (true (cell ?m 1 ?x))

(play (to (mover)

(empty)))

(end
(line 9)
(result Mover Win)

% Maastricht University

(true (cell ?m 2 ?x))
(<= (column ?n ?x)
(true (cell 2 ?n ?x))
(<= (diagonal ?x) (true (cell 1 1 ?x))
(true (cell 2 2 ?x))
(<= (diagonal ?x) (true (cell 1 3 ?x))
(true (cell 2 2 ?x))
(<= (line ?x) (row ?m ?x))
(<= (line ?x) (column ?m ?x))
(<= (line ?x) (diagonal ?x))
(<= open (true (cell ?m ?n b)))
(<= (goal white 50) (not open)
(<= (goal white 0) open (not (line x)))
(<= (goal black 100) (line 0))
(<= (goal black 50) (not open)
(<= (goal black 0) open (not (line 0)))
(<= terminal (line x))
(<= terminal (line 0))
(<= terminal (not open))

(<= (goal white 100)
(not (line x))

(not (line x))

(init (cell 1 3 b))
(init (cell 2 3 b))
(init (cell 3 3 b))

(true (cell ?x ?y b))
(true (control black)))
(true (control white)))
(does white (mark ?m ?n))
(does black (mark ?m ?n))

(true (cell ?m ?n ?w))

(does ?w (mark ?3j ?k))
(or (distinct ?m ?3j)

(true (control black)))
(true (control white)))

(true (cell ?m 3 ?x)))
(true (cell 1 ?n ?x))

(true (cell 3 ?n ?x)))
(true (cell 3 3 ?x)))

(true (cell 3 1 ?x)))

(line x))
(not (line 0)))

(not (line 0)))



Modify a game?

[7§ame "Tic-Tac-Toe" <\\
(mode 2)
(equipment {
(board (hex 3)
(disc P1)
(cross P2)

(hex))

})

(rules
(play (to (mover)
(end
(line 3)
(result Mover Win)

(empty)))

% Maastricht University

(role white)

(init (cell 1 1 b)) (init (cell 1 2 b))

(init (cell 2 1 b)) (init (cell 2 2 b))

(init (cell 3 1 b)) (init (cell 3 2 b))

(init (control white))

(<= (legal ?w (mark ?x ?y)) (true (cell ?x ?y b))
(true (control ?w)))

(<= (legal white noop) (true (control black)))

(<= (legal black noop) (true (control white)))

(<= (next (cell ?m ?n x)) (does white (mark ?m ?n))
(true (cell ?m ?n b)))

(<= (next (cell ?m ?n o)) (does black (mark ?m ?n))
(true (cell ?m ?n b)))

(<= (next (cell ?m ?n ?w)) (true (cell ?m ?n ?w))
(distinct ?w b))

(<= (next (cell ?m ?n b)) (does ?w (mark ?j ?k))
(true (cell ?m ?n b)) (or (distinct ?m ?j)
(distinct ?n ?k)))

(<= (next (control white)) (true (control black)))

(<= (next (control black)) (true (control white)))

(<= (row ?m ?x) (true (cell ?m 1 ?x))

(true (cell ?m 2 ?x)) (true (cell ?m 3 ?x)))

(<= (column ?n ?x) (true (cell 1 ?n ?x))

(true (cell 2 ?n ?x)) (true (cell 3 ?n ?x)))

(<= (diagonal ?x) (true (cell 1 1 ?x))

(true (cell 2 2 ?x)) (true (cell 3 3 ?x)))

(<= (diagonal ?x) (true (cell 1 3 ?x))

(true (cell 2 2 ?x)) (true (cell 3 1 ?x)))

(<= (line ?x) (row ?m ?x))

(<= (line ?x) (column ?m ?x))

(<= (line ?x) (diagonal ?x))

(<= open (true (cell ?m ?n b))) (<= (goal white 100)

(<= (goal white 50) (not open) (not (line x))

(<= (goal white 0) open (not (line x)))

(<= (goal black 100) (line 0))

(<= (goal black 50) (not open) (not (line x))

(<= (goal black 0) open (not (line 0)))

(<= terminal (line x))

(<= terminal (line 0))

(<= terminal (not open))

(role black)

(init (cell 1 3 b))
(init (cell 2 3 b))
(init (cell 3 3 b))

(line x))

(not (line 0)))

(not (line 0)))



Overview of Ludii

Main Modules:

e Al: Default Al agents for playing games in the DB

e Grammar: Generates game grammar from ludemes
e Library: Ludemes in structured class hierarchy

e Player: Main play controller (GUI and CLI)

/(game "Chess" \ (( He =,
Q
Emoqle 2) : ) Player UYL TYL e
equipmen N — ' TYYY Y TS

(chessBoard 8)
(end (stalemated Mover) (result Mover Draw))

\ y Java sy

Library
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Grammar
and
Compilation
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Game Compiler

Class Grammar approach (Browne, 2016):
1. EBNF Grammar generated from constructors
2. Game instances expressed in grammar

3. Games compiled by calling relevant constructors

% Maastricht University



Game Descriptions

Game descriptions (*.lud files) summarise:
e \What constructors to call

e What parameters to pass to them

Each keyword is the name of a ludeme class:

(game “Tic-Tac-Toe" (mode 2)
(equipment {
(board (square 3) (square))
(disc P1l) (cross P2)

})

(rules

(play (to (mover) (empty)))
(end (line 3) (result Mowver Win))

)
)

% Maastricht University



Example

This ludeme class:

public Game

(

final String name,

final Mode mode,

final Equipment equipment,
final Rules rules

}

generates this rule:

<game> ::= (game <string> <mode> <equipment> <rules>)

% Maastricht University



Optional Parameters

@Opt annotation denotes optional parameters:

public Mode
(
final Player[] players,

@Opt final ModeType mode,
@ Opt final Playout playout

)
{

generates this rule:

<mode> ::= (mode {<player>} [<xmodeType>] [<playout>])

“null” parameters trigger defaults

% Maastricht University



Named Parameters

@Name annotation denotes named parameters:

public Line

(

@Name final IntFunction length,
@Opt final DirectionChoice dirn,
@Opt @Name final IntFunction what

generates this rule:

<line> ::= (line length:<int> [<directionChoice>] [what:<int>])

Avoids ambiguities, makes descriptions easier to read
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Ludii Grammar

v L—,% Library [dev dev]
v #src

&

v it game

v i} equipment
» i component
» i container
> 2 other
> DgDrawabIe.java
» [J} Equipment.java
>[4 Item.java
v i functions
> H bitset
» £ booleans
> Hints
> H other
> it region
» i mode
» H playout
v i3 rules
» Hiend
» i play
> H start
> EERuIe.java
» [J] Rules.java
> H types
i E’,‘:;'API.java
» 11} Game.java
» [ metadata

Maastricht University

[ e e -
/I game

<game> ::= (game <string> <mode> <equipment> <rules>)

[ e e -
/I game.mode

<mode> ::= (mode <player> [<xmodeType>] [<playout>]) |
(mode <integer> [<modeType>] [<playout>]) |
(mode {<player>} [<xmodeType>] [<playout>])

<modeType> := Alternating | Simultaneous | Realtime

J e e

/l game.mode.player

<player> ::= (player [<string>] [<string>] [<compassDirection>] [{<integer>}])
e

/[l game.equipment.container.tiling.directions

<compassDirection> =N |NE|E|SE|S|SW | W | NW

<directionChoice> ::= None | All | Orthogonal | Diagonal | Axial | Column |
Row |N|E|S|W|NE|SE|NW|SW |Ahead | F |
ForwardDiagonal | OrthogonalNotBackward |
OrthogonalAndForwardDiagonal | ForwardAndDiagonal | Right |
Left | SameDirection | SameDirectionDiagonal |
OppositeDirection | CW | CCW | IN | OUT

L m e e
/I game.playout

<playout> ::= <addToEmpty> | <byPiecePlayout> | <model>
<addToEmpty> ::= (addToEmpty)
<byPiecePlayout> ::= (byPiecePlayout)



Compilation Process

Object compile(Ludeme ludeme)

{

if (ludeme.terminal())

{
return object // enum or primitive
}
else
{

find matching class in code base

for (Ludeme arg : ludeme.args())
compile(arg)

find matching constructor C,

return C, constructed with args

J

% Maastricht University



Benefits

e Grammar automatically generated from code:
— Not maintained separately

e Game descriptions summarise class hierarchy:
— Hide implementation
— Offer full functionality

e Extensible!
— Add/modify code

— Automatically incorporated into grammar

* Programming language (Java) effectively becomes GDL
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Ludeme Library
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Type of Ludemes

e Different types of Ludeme for the playing rules exist:

- IntFunction Ludeme returning a integer
Ex: arithmetic operators, score of a player, num of the turn, etc.

- BooleanFunction Ludeme returning a boolean
Ex: Logic operators, Comparators, etc.

- RegionFunction Ludeme returning a set of positions in the board
Ex: Empty positions, Owned positions, etc.

- Moves ludemes
Let’s see the next slide ;)
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What is a « Moves » in Ludii?

e The set of legal moves is described by a « Move » object

e Each Move can be:

1. A decision move (the player takes a decision)
2. A consequent (result from the decision)

e A Move is composed of a set of atomic Actions

e An atomic Action modifies the state of the game

To@ra)

[Add(37,1),Remove(36),
Add(36,1), Score(1,4),
Score(2,1)]
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Graph Structure

* According to the shape and the tiling of each container,
a graph is built

The graph is composed of Vertices, Edges and Faces.
And the neighbors of each vertex or faces are pre-generated

% Maastricht University



Directions

Different direction choices are possible for each ludeme.
Ex: All, Orthogonal, Forward, North, Clockwise, ...

According to the tiling of the board, the direction choice corresponds
to a set of concrete directions (N,S,E,W, etc.). Ex:

(slide All (in (to) (empty))) (slide Orthogonal (in (to) (empty)))
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State Representation: BitBoard

e Allocate a slab of memory for each information type:
What, Who, Count, State, Hidden, Playable, Occupied

e Split into regular chunks to encode data:

e.g. for a 2-player game, the chunk Who uses 2 bits:

00 = Empty
01 =Player 1
10 = Player 2
11 = All players
e Chunk size is smallest power of 2:

— Avoid to use more than 32 bits (size of a long) to be faster.
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State Types

e Ludii automatically chooses most efficient state type:
— Based on rules and equipment

5] B B
i B
| s
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e8| 8] | 8|8
- BE EE
¥ 14
3

&

Maastricht University

v i}t state

¥ {2 containerGraphState
» [J} ContainerGraphState.java
v if} containerStackingState
» i card
» 5 NonCard
> E}g BaseContainerStateStacking.java
v §1 containerState
> E}g BaseContainerState.java
> @ContainerStata.java
> Da ContainerStateCount.java
> Dg ContainerStatelndex.java
> Dg ContainerStatelndexCount.java
> Dg ContainerStatelndexCountState.java
> Dg ContainerStatelndexState.java
> Da ContainerStatePlayer.java
> Dg ContainerStateState.java
> {_._P‘SStatesRequired.java 8 |
v i} puzzleState — 3 63 e
P&'_%PuzzleState.java 5 - 7 T
P&'_%PuzzleStateLarge.java 4 5 7
> [J] State.java R IIRE R
> EﬁStateType.java 618
P PR P 1




What(55) = 2
Who(55) = 2
State(37) =1

What(4) =0

Playble(4) = true .@@@@@@.
\Occupled(4) = false BPRRRR

What(2) = 2
Playble(2) = false
Occupied(2) = true

Count(5) =4
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Built-in Als in Ludii

e Random Al
e Flat Monte-Carlo Search
e UCT
- Open-loop in nondeterministic games
e GRAVE
e Biased MCTS
- Uses local features/patterns to guide search

Coming soon:

e CFR+

e MAST/FAST/PAST
e AMAF
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Features for Al in Ludii

&

Single format shared across all games
Bitwise tests using underlying graph representation
Encode simple strategies

K
S

Maastricht University
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Example Features in Gomoku
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Third-party Als in Ludii

e Implement simple interface
- Given current state and forward model, return Move
- Currently only in Java (but also possible in any other languages)
e Export JAR file with your Al
e Import JAR file inside the Ludii app
e Programmatic coupling without GUI also possible

See www.ludii.games for more info!
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http://www.ludii.games/

Some results for Multi-player games

English Draughts (8x8)

"

Amazons (10x10)
Breakthrough (8x8)
Chess (8x8)
Connect-4 (6x7)
Dots & Boxes (6x6)

Gomoku (15x15)
Hex (9x9)
Knightthrough (8x8)
Reversi (8x8)
Skirmish (8x8)
Tic-Tac-Toe (3x3)
Tron (10x10)

Maastricht University

2,933
6,632
1,075
124,349
5,359
8,135
42,985
21,244
5,085
2,085
2,278
641,445
494,999

1,123
0.06
13,664
1,672
872
927
195
1,869
203
124
85,319
121,989

15.85
591
17,916.16
9.10
3.21
9.33
46.4
108.4
2.72
10.27
18.37
7.52
4.06

Playouts per second
Ludii vs GDL



And some other games (!GDL)

Alquerque Ancient Checkers - 6x6 13,402
Andantino Boardless 1,059
International Checkers 10x10 3,494
Hnefatafl Viking Game - 11x11 326
Lasca Stacking game - 8x8 3,261
Mu-Torere Wheel Board 7,719
Nine Men’s Morris Concentric Board 5,121
Royal Game of Ur Dice Game - 3x8 1,085
Oware Mancala Game - 2x6 2,278 Playouts per second
Sneakthrough Hidden Info. - 8x8 2,280 Ludii
Stratego Hidden Info. - 10x10 118
Surakarta Track game - 6x6 1,052
Yavalath Hex Board - 5x5 189,385
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Benefits of Ludii...

e Simple: Define new games in minutes/seconds

e Powerful: Only approach to model full range of games

e Compact: Small file sizes (QR codes)

e Comprehensible: Human-readable

e Efficient: Our ludemic Chess is 10,000x faster than equivalent in GDL
e Convenient: Easy to manipulate and evolve

e Granular: Break games down, label with math. keywords
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... Some Publications/Papers

e AAAI (KEG) 2019, Honolulu:
- Strategic Features for General Games

e BGS 2019, Bologna: WWW. I Udeme-eu

- Teaching and Learning with Ludii
- Mathematics through Games

e CEC 2019, Wellington:
- Biasing MICTS with Features for General Games

e Schloss Dagstuhl research meeting report, 2019:
- Foundations of Digital Archaeoludology

e Conference Of Games (COG) 2019, LONDON:

- An Empirical Evaluation of Two General Game Systems: Ludii and RBG

- An Overview of the Ludii General Game System

- Learning Policies from Self-Play with Policy Gradients and MCTS Value Estimates
- Ludii and XCSP: Playing and Solving Logic Puzzles

- Ludii as a Competition Platform

% Maastricht University



Expected Services (mainly future work)

1. PLAY
Ludii will support the following modes of play:
Human-Al / Human-Human / Al-Al / Tournament / Solve puzzles and other CSP-style problems for solvability, uniqueness and deducibility

2. ANALYSE

Provide automatic evaluations of games, typically based on self-play trials, either directly through Ludii or by request through the Ludii Portal.
e Playability based on simple but reliable metrics.

e Quality based on preferred aesthetic criteria.

e Estimate the strategic depth of games.

e Estimate the historical authenticity of rule sets based on the historical and cultural evidence contained in the game library.
e Explore coalition effects in multiplayer games.

e Provide comprehensible explanations of learnt strategies.

e Data mine the game library to find common ludemeplexes (structures of ludemes) across the full range of games.

e Cluster games by ludemeplex to find new classifications based on implicit mechanisms of play.

e Provide mathematical profiles of games, based on mathematical concepts associated with each ludeme.

* Provide plain English rule descriptions based on ludemic descriptions.

e Estimate conceptual distance between given games, for phylogenetic analysis and novelty/plagiarism testing.

3. GENERATE

We will provide a number of automated game design and optimisation services:

e Complete plausible rule sets from partial evidence based on historical and cultural context.
e Optimise known reconstructions to maximise game quality and historical authenticity.

e Find interesting new games similar to a known base game.

e Generate new games through unconstrained search or targetted at specific criteria.

e Generate bespoke games based on player preferences.

e Suggest similar games that players might like.

e Generate puzzles from games to demonstrate particular aspects.

Let’s go to Ludii.games to find all of that or ask us some questions
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Ludii in Android? Yes in 2020!

&l

e Ludii in pre-release:
1. Includes 100 games
2.~ 3.5Mb
3. With all graphics and Als

e * lud files are the currency of the system:

— Typically < 1 kb

— Easy to download, email, compile to run as needed

— Encode as QR codes:
— Encyclopedia (print) with thousands of scannable games

e The computer app with more than 1,000 games (~10 mb)!
— Android version is possible! Interactive, playable encyclopaedia

of games.
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Q Digital
% Ludeme
=2 Project

www.ludeme.eu

[Thank you!j

Pre-Release: NOW!

Contact us:

Release: 01/01/2020 Ludii.games@gmail.com
Or

www.ludii.games

Cameron.browne@maastrichtuniversity.nl
Eric.piette@maastrichuniversity.nl
Matthew.stephenson@maastrichtuniversity.nl
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