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Human Game Playing
• Intellectual Activity
• Skill Comparison

Computer Game Playing
• Testbed for AI
• Limitations

Game Playing



Narrowness
   Good at one game, not so good at others
   Cannot do anything else

Not really testing intelligence of machine
   Programmer does all the interesting analysis / design
   Machine simply follows the recipe

Limitations of Game Playing for AI



General Game Players are systems able to play 
arbitrary games effectively based solely on formal 
descriptions supplied at “runtime”.

Translation: They don’t know the rules until the game 
starts.

Must figure out for themselves:
    legal moves, winning strategy
    in the face of incomplete info and resource bounds

General Game Playing



Variety of Games



Novelty



International GGP Competition



Annual GGP Competition
    Held at AAAI or IJCAI conference
    Administered by Stanford University
    (Stanford folks not eligible to participate)

Annual GGP Competition



GGP-05 Winner Jim Clune
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International GGP Competition



    ClunePlayer - Jim Clune (USA)
    FluxPlayer - Schiffel, Thielscher (Germany)
    CadiaPlayer - Bjornsson, Finsson (Iceland)
    CadiaPlayer - Bjornsson, Finsson (Iceland)
    Ary - Mehat (France)
    TurboTurtle - Schreiber (USA)
    CadiaPlayer - Bjornsson, Finsson (Iceland)
    TurboTurtle - Schreiber (USA)
    Sancho - Draper (USA), Rose (UK)
    Galvanise - Emslie
    WoodStock - Piette (France)

Winners Over the Years



Carbon versus Silicon



Human Race Being Defeated



Result



Game Description
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Multiplicity of Games



Environment
    Environment with finitely many states
    One initial state and one or more terminal states
    Each state has a unique goal value for each player

Players
    Fixed, finite number of players
    Each with finitely many moves

Dynamics
    Finitely many steps 
    All players move on all steps (some no ops)
    Environment changes only in response to moves

Finite Synchronous Games
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Good News: Since all of the games that we are 
considering are finite, it is possible in principle to 
communicate game information in the form of state 
graphs.

Problem: Size of description. Even though everything is 
finite, these sets can be large.

Solution:
    Exploit regularities / structure in state graphs
    to produce compact encoding

Direct Description



f(a)

p(a)
p(b)
q(b,a)

p(b)
q(b,a)

p(a)
q(b,a)q(b,a)
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p(b)
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Structured State Machine
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0 / 0 25 / 25 25 / 25 0 / 100



We use datasets to characterize states of the world.  The 
facts in a dataset are assumed to be true and those that are 
not in the dataset are assumed to be false.

X
O

X

States Represented as Datasets

cell(1,1,x)
cell(1,2,b)
cell(1,3,b)
cell(2,1,b)
cell(2,2,o)
cell(2,3,b)
cell(3,1,b)
cell(3,2,b)
cell(3,3,x)
control(o)



                       
                      mark(1,3)

State UpdateActions Transform Datasets

cell(1,1,x)
cell(1,2,b)
cell(1,3,b)
cell(2,1,b)
cell(2,2,o)
cell(2,3,b)
cell(3,1,b)
cell(3,2,b)
cell(3,3,x)
control(o)

cell(1,1,x)
cell(1,2,b)
cell(1,3,o)
cell(2,1,b)
cell(2,2,o)
cell(2,3,b)
cell(3,1,b)
cell(3,2,b)
cell(3,3,x)
control(x)



Game Description Language (or GDL) is a formal 
language for encoding the rules of games conceptualized 
as structured sate machines.

Game rules written as sentences in Epilog.

GDL is widely used in the research literature and is used 
in virtually all General Game Playing competitions.

GDL extensions are applicable in real-world applications 
such as Enterprise Management and Computational Law.

Game Description Language



role(white)
role(black)

base(cell(M,N,Z)) :-
  index(M) &
  index(N) &
  filler(Z)

base(control(W)) :- role(W)

input(W,mark(X,Y)) :-
  role(W) &
  index(X) &
  index(Y)

input(W,noop) :- role(W)

init(cell(X,Y,b)) :-
  index(X) &
  index(Y)

init(control(white))

legal(P,mark(X,Y)) :-
  true(cell(X,Y,b)) &
  true(control(P))

legal(x,noop) :-
  true(control(black))

legal(o,noop) :-
  true(control(white))

terminal :- line(P)
terminal :- ~open

row(M,P) :-
    true(cell(M,1,P)) &
    true(cell(M,2,P)) &
    true(cell(M,3,P))

column(N,P) :-
    true(cell(1,N,P)) &
    true(cell(2,N,P)) &
    true(cell(3,N,P))

diagonal(P) :-
    true(cell(1,1,P)) &
    true(cell(2,2,P)) &
    true(cell(3,3,P))

diagonal(P) :-
    true(cell(1,3,P)) &
    true(cell(2,2,P)) &
    true(cell(3,1,P))

line(P) :- row(M,P)
line(P) :- column(N,P)
line(P) :- diagonal(P)

open :- true(cell(M,N,b))

index(1)      filler(x)
index(2)      filler(o)
index(3)      filler(b)

next(cell(M,N,x)) :-
    does(white,mark(M,N))

next(cell(M,N,0)) :-
    does(black,mark(M,N))

next(cell(M,N,Z)) :-
    does(P,mark(M,N)) &
    true(cell(M,N,Z)) & Z!=b

next(cell(M,N,b)) :-
    does(P,mark(J,K)) &
    true(cell(M,N,b)) &
    distinct(M,J)

next(cell(M,N,b)) :-
    does(P,mark(J,K)) &
    true(cell(M,N,b)) &
    distinct(N,K)

next(control(white)) :-
    true(control(black))

next(control(black)) :-
    true(control(white))

goal(white,100) :- line(x) & ~line(o)
goal(white,50) :- ~line(x) & ~line(o)
goal(white,0) :- ~line(x) & line(o)
goal(black,100) :- ~line(x) & line(o)
goal(black,50) :- ~line(x) & ~line(o)
goal(black,0) :- line(x) & ~line(o)

Rules of Tic-Tac-Toe



Objects:
  x, o - roles
  1, 2, 3 - indices of rows and columns
  b - blank

Relations:
  cell(index,index,mark)
  row(index,mark)
  column(index,mark)
  diagonal(mark)
  line(mark)
  open

Operation:
  mark(index,index)

Game Specific Constants



Object Constants:
  0, 1, 2, 3, … , 100 - numbers (i.e. entities) 

Relation Constants:
  control(role)
  legal(role,action)
  goal(role,number)
  terminal

  init(proposition)
  role(role)
  base(proposition)
  action(role,action)

Game-Independent Vocabulary



Legal Moves:
  mark(1,2)
  mark(1,3)
  mark(2,1)
  mark(2,3)
  mark(3,1)
  mark(3,2)

Legal Moves

X
O

X

legal(mark(M,N)) :- cell(M,N,b)

State:
  cell(1,1,x)
  cell(1,2,b)
  cell(1,3,b)
  cell(2,1,b)
  cell(2,2,o)
  cell(2,3,b)
  cell(3,1,b)
  cell(3,2,b)
  cell(3,3,x)
  control(o)



                       
                      mark(1,3)

State UpdatePhysics

cell(1,1,x)
cell(1,2,b)
cell(1,3,b)
cell(2,1,b)
cell(2,2,o)
cell(2,3,b)
cell(3,1,b)
cell(3,2,b)
cell(3,3,x)
control(o)

cell(1,1,x)
cell(1,2,b)
cell(1,3,o)
cell(2,1,b)
cell(2,2,o)
cell(2,3,b)
cell(3,1,b)
cell(3,2,b)
cell(3,3,x)
control(x)

mark(M,N) ::
  control(Z) ==> ~cell(M,N,b) & cell(M,N,Z)
mark(M,N) ::
  control(x) ==> ~control(x) & control(o)
mark(M,N) ::
  control(o) ==> ~control(o) & control(x)



row(M,Z) :- cell(M,1,Z) & cell(M,2,Z) & cell(M,3,Z)
col(N,Z) :- cell(1,N,Z) & cell(2,N,Z) & cell(3,N,Z)
diag(Z) :- cell(1,1,Z) & cell(2,2,Z) & cell(3,3,Z)
diag(Z) :- cell(1,3,Z) & cell(2,2,Z) & cell(3,1,Z)

line(Z) :- row(M,Z)
line(Z) :- col(M,Z)
line(Z) :- diag(Z)

Supporting Concepts



goal(x,100) :- line(x)
goal(x,50) :- ~line(x) & ~line(o)
goal(x,0) :- line(o)

goal(o,100) :- line(o)
goal(o,50) :- ~line(x) & ~line(o)
goal(o,0) :- line(x)

terminal :- line(W)
terminal :- ~open

open :- cell(X,Y,b)

Goals and Termination



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(x))

Initial State

  cell(1,1,b)
  cell(1,2,b)
  cell(1,3,b)
  cell(2,1,b)
  cell(2,2,b)
  cell(2,3,b)
  cell(3,1,b)
  cell(3,2,b)
  cell(3,3,b)
  control(x)



role(x)
role(o)

base(cell(X,Y,x)) :- index(X) & index(Y)
base(cell(X,Y,o)) :- index(X) & index(Y)
base(cell(X,Y,b)) :- index(X) & index(Y)
base(control(W)) :- role(W)

action(mark(X,Y)) :- index(X) & index(Y)

index(1)
index(2)
index(3)

Metadata



Game Simulation



Sierra



Sierra



Sierra



Sierra



Sierra



Sierra



Sierra



Game Management



Standalone Game Playing

Gamemaster

Standalone

Server

Browser



}

Automatic Game Playing

Gamemaster

Manager

PlayerPlayer ...

Browser

Server



}

Automatic Game Playing

Gamemaster

Manager

PlayerPlayer ...

Browser

Server

Communication by message passing between manager and players.



}

Automatic Game Playing

Gamemaster

Manager

PlayerPlayer ...

Browser

Server

Manager writes messages into browser's local storage.

message message



}

Automatic Game Playing

Gamemaster

Manager

PlayerPlayer ...

Browser

Server

Players receive messages, process, write replies into local storage.

reply reply



Gamemaster



Gamemaster



Games



Description



Standalone



Standalone



Manager



Players



Manager



Manager



Gamemaster



Resources



Resources



Resources



Gardner Project



Martin Gardner in Scientific American 



Gardner Project 

Devised by Vinay Chaudhri

Goal: Encode Gardner's games as rules in GDL

Simple Approach:
    Manual game description

Advanced Approach:
    Develop means to generate the games automatically
    from some sort of meta-description

Applications of advanced approach:
    software testing
    educational 



1. Baseline version 
2. Each player has three counters that they can place on an empty square. If 

neither has won by getting three in a row, each is allowed to move one counter 
at a turn to an adjacent empty square either vertically or horizontally, but not 
diagonally.  The first move cannot be in the center. 

3. Same as (2) but allow diagonal moves 
4. Les Pendus: Same as (2), but any piece can be moved to any empty cell 
5. Same as (2), but the grid size is 4x4, and each player has 4 counters 
6. Teeko: Same as (2), but the gride size is 5x5, and each player has 4 counters. 

The players can move in any direction. The objective is to get four in a row, or 
assemble them in square formation

Variations of Tic Tac Toe 



7. The first person to get three in a row loses 
8. Same as 1, but on a 3x3x3 cube 
9. Same as 1, but on a 4x4x4 cube 
10. Same as 1, but on a 4x4x4x4 hypercube with the objective of getting four marks 

in a straight-line 
11. Same as 1, but on a 5x5x5x5 hypercube 
12. Gobang: Game board is 19x19, players have unlimited counters, the objective is 

to get five in a line horizontal, vertical or diagonal. The pieces cannot be moved 
once placed 

13. Any of the variations when the opponent is an inexperienced player (i.e., not a 
rational player).

Variations of Tic Tac Toe 



• Number of cells that can be occupied (3, 4, 5 or unlimited) 

• Allow changes to the cells once occupied (3 variations) 

• Change the grid size  (3, 4, 5 or 19) 

• Change the win condition (2 variations) 

• Introduce multiple dimensions (3, 4 or 5 dimensions) 

• Rational vs irrational play  (2 variations) 

4x3x4x2x3x2 => 576 variations in total 

• Initial state of the board can be non-empty 
• Change turn rules (e.g., allow skipping a turn, two moves at a time)

Dimensions of Variation 



Project



Lessons
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