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Random shuffling

 generate random permutation, where all permutations
have a uniform random distribution

 shuffling ≈ inverse sorting (!)
 ordered set S = 〈s1, …, sn〉 to be shuffled
 naïve solution

 enumerate all possible n! permutations
 generate a random integer [1, n!] and select the corresponding

permutation
 practical only when n is small

Random sampling without
replacement

 guarantees that the distribution of permutations is
uniform
 every element has a probability 1/n to become selected in the

first position
 subsequent position are filled with the remaining n – 1

elements
 because selections are independent, the probability of any

generated ordered set is
1/n · 1/(n – 1) · 1/(n – 2) · … · 1/1 = 1/n!

 there are exactly n! possible permutations
→ generated ordered sets have a uniform distribution

Riffle shuffle Perfect shuffle

Premo: Standard order Premo: After a riffle shuffle and card
insertion
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Probability of success: 52 cards, m
shuffles, n guesses

500503505513524548596688835975999100026

250252254260270290334427617884998100013

05805805906106307008512323859096510003

03803903904004204705708316847194310002

0190190200200210230280420882888399971

∞12111098765432m
n

cut-off

Random numbers in games

 terrain generation
 events
 character creation
 decision-making
 game world compression
 synchronized simulation

Game world compression

 used in Elite (1984)
 finite and discrete galaxy
 enumerate the positions
 set the seed value
 generate a random value for each position

 if smaller than a given density, create a star
 otherwise, space is void

 each star is associated with a randomly generated
number, which used as a seed when creating the star
system details (name, composition, planets)

 can be hierarchically extended

Example: Elite

Random game world generation

 discrete game worlds
 example: Nethack, Age of Empires
 rooms, passages, item placements

 continuous game worlds
 random world is not believable
 modular segments put together randomly

 terrain generation

Example: Age of Empires 2
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Terrain generation methods

 simple random
 limited random
 particle deposition
 fault line
 circle hill
 midpoint displacement

Simple random terrain

Limited random terrain Particle deposition terrain

Fault line terrain Circle hill terrain



Algorithms for Computer Games 2007-09-13

© 2003–2007 Jouni Smed 4

Midpoint displacement terrain


