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Ludii

Ludii is a general game system

For:
ωModelling
ωPlaying
ωEvaluating
ωReconstructing
ωOptimising 
ωGenerating

a wide range of games



Digital Ludeme Project

Digital Ludeme Project:
ωFive-year research project
ω9w/ /ƻƴǎƻƭƛŘŀǘƻǊ DǊŀƴǘ όϵнƳύ
ωaŀŀǎǘǊƛŎƘǘΩǎ 5Y9 ǎƛƴŎŜ !ǇǊƛƭ нлму

Team:
ωCameron Browne (PI)
ωEric Piette (Postdoc)
ωMatthew Stephenson (Postdoc)
ωWalter Crist (Postdoc)
ωDennis Soemers (PhD)

/ƻƳǇǳǘŀǘƛƻƴŀƭ ǎǘǳŘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
traditional games throughout history



Objectives

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

2. ReconstructMissing 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 AI techniques



Scope

Target:
ωModel 1,000 most important traditional strategy games 
ω {ƛƴƎƭŜ ŎƻƴǎƛǎǘŜƴǘ ŦƻǊƳŀǘ
ωSingle playable database



Motivation

Problem:
ωNo existing GG approach supports full range of games

Solution:
ωLudii GGS
ωDesigned specifically for this purpose



Approach

Decompose games into ludemes:
ω ¦ƴƛǘǎ ƻŦ ƎŀƳŜ-related information
ωEquipment + rules

Onlyway to model full range of games required

Based on earlier Ludi system (PhD 2009):
ωSuccessfully evolved board games
ωSeveral key improvements

Ludi was the proof of concept
Ludii is the full package



Comparison

Ludi
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient

Ludii
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient



Comparison

Ludi
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient

Ludii
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient



Comparison

Ludi
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient

Ludii
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient



Comparison

Ludi
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient

Ludii runs ~100x faster for most games

Ludii
ωSimple
ωClear
ωEvolvable
ωGeneral 
ωExtensible
ωEfficient



Key Differences

1. Forward Model

ωLudi:
ςBacktracking model (undo info per move)
ςAlpha-beta search with heuristics
ςSlow and unreliable (experimental bias)

ωLudii: 
ςForward model only
ςMCTS with biased playouts

2. Class Grammar:
ωGame grammar generated directly from code    
ωExplained shortly



Release Schedule

1. Pre-Release

ωToday
ωBeta version: http://ludii.games
ωPlease try it out and give us feedback
ωStill incomplete and subject to change

2. Official Public Release

ω1 January 2020 

http://ludii.games/


Ludii.games



GDL ? 

(role white) (role black)

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

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

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

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

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

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

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

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

(<= terminal (line x))

(<= terminal (line o))

(<= terminal (not open))

Å Current academic standard

Å Exists for 14 years, 52 (really different) 

games including 3 incomplete

Å Different competitions: IGGPC, Open 

Tiltyard, é

Å N players, turn based, finite, 

deterministic, full information games

Å Different extensions: GDL-II, GDL-III, rtGDL 

Å A lot of General Game players exist: 

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

é

Å No automatic User Interface (GUI)



And with Ludii ?

(role white) (role black)

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

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

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

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

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

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

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

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

(<= terminal (line x))

(<= terminal (line o))

(<= terminal (not open))

(game "?"

(mode 2)

(equipment {

(board (square 3) (square))

(disc P1)

(cross P2)

})

(rules

(play (to (mover) (empty)))

(end 

(line 3) 

(result Mover Win)

) 

)

)



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 ?o)
(row ?m)
(col ?n))

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

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

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

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

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

(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 ?k i ?j))
(true (owner ?k red)))

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



Example Ludii: Hex

(game "Hexñ

(mode 2)

(equipment) {

(board (rhombus 11 11) (hex))

(ball Each)

(regions P1 { (edge NE) (edge SW) })

(regions P2 { (edge NW) (edge SE) })

} )

(rules

(play (to (empty)))

(end (connect Mover)(result Mover Win))

)

)



A more complex game in GDL? Chess?



A more complex game in GDL? Chess?

ÅbƻΣ ƛƳǇƻǎǎƛōƭŜ ǘƻ ǎƘƻǿ ǘƘŀǘ ƛƴ D5[Χ ǘƻƻ ƭƻƴƎΗ 

Å 4,398 different tokens to describe it! 
ÅMore than 20 pages of logic programming!

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



A more complex game in GDL? Chess?

ÅbƻΣ ƛƳǇƻǎǎƛōƭŜ ǘƻ ǎƘƻǿ ǘƘŀǘ ƛƴ D5[Χ ǘƻƻ ƭƻƴƎΗ 

Å 4,398 different tokens to describe it! 
ÅMore than 20 pages of logic programming!

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

[ŜǘΩǎ ǘǊȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ [ǳŘƛƛ ƴƻǿΗ



Ludeme = Ludus/Ludology + Meme

ωDŀƳŜ άƳŜƳŜǎέΥ
ςUnits of game-related information
ςBuilding blocks (DNA) of games
ςEncapsulate key concepts

ωIn the context of Ludii: 
ςAny game aspect that can be modelled mathematically
ςEquipment and rules

(disc P1) (line 3)



Description in Ludii

A game is composed of three parts:

ÅMode: Number of k players

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

ÅRules: 
- 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)



[ŜǘΩǎ aŀƪŜ !ƳŀȊƻƴΗ



How many games ?    How many ludemes ?


