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Ludic Computing

• The study of design, construction and evaluation of 
software for interactive play

• Entertains and enriches the user

• Cuts across many areas of computing



Ludic Computing

We focus on digital games and computer art

• Video game AI

• Content creation for digital media

• Supporting creative expression

1. Content generation (7 lectures)

2. Ludic agents (5 lectures)

3. Players (3 lectures)

Part One

Content Generation

• Computational creation of beautiful artefacts

• What have creativity and beauty got to do with 
ludic computing?

• Computers can help overcome the content 
creation bottleneck for digital media (such 
as video games)

• Computers can support creative expression



Lecture 2

Computational Creativity

• Building software which takes on some of the creative 
responsibility in arts and science tasks

• Which AI techniques lend themselves to creative software?

• Genetic programming, case-based reasoning, 
conceptual blending

• Methods for handing over creative responsibility

• How to assess progress?

• Process vs. artefacts, measures of creativity 

Lectures 3 and 4

Evolutionary Design
• Genetic algorithms and genetic programming

• Coding schemes

• Fitness functions and selection mechanisms

• Evolutionary operators: crossover and mutation

• Applications

• Evolving building designs

• User-guided evolutionary design

• Computer art



Lectures 3 and 4

Evolutionary Design

Lecture 5

Shape Grammars



Lecture 6

L-Systems

• Another approach to visual 
grammars

• Abstract art

• Vegetation/terrain generation

• City Generation (CityEngine 
and Subversion)

Lecture 7

Image Filters

• Transforms, compositors & filter trees



Lecture 8

Non-photorealistic Rendering

• Simulating natural media

• Brush paths

• Watercolour and pencil 
simulation

• Image segmentation

• Rendering colour regions

Lecture 8

Non-photorealistic Rendering



Part Two

Ludic Agents

• AI agents that support playful interactions

• Game playing agents

• Video games, board games, ...

• They often need to act intelligently in 
complex and dynamic virtual worlds

• More importantly, they need to entertain

Lecture 9

Steering Behaviours

• Reactive movement in games

• Reynold’s steering paradigm

• Some basic behaviours in 
detail

• Combination techniques

• Emergent behaviour



http://opensteer.sourceforge.net/

Lecture 9

Steering Behaviours

Lecture 10

Pathfinding
• Using tiles, waypoints, navigation meshes 

• Heuristic search over navigation graphs

• Precomputing paths



Lecture 11

Behaviour Trees

• Popular language for 
NPC behaviour

• BTs vs. state machines

• Specifying BTs

• Design and architecture 
issues

Lecture 12

Adaptive Games

• Applying action prediction and 
reinforcement learning to games

• Dynamic difficulty adjustment

• Adaptive pacing

• Adaptive content



• State-of-the-art game 
playing agents based on 
Monte Carlo methods

• Capable of beating 
professional Go players

Lecture 16

Monte Carlo Tree Search
Go board picGo board pic

Part Three

Players

• To build software for play we need to 
understand players

• What do they experience?

• What motivates them?

• How do we design for them? (And measure 
success?)



Lecture 13

Interactive Play

• What is play?

• Player experience of video 
games

• Theories of emotion & 
pleasure in games

• Altered states: immersion & 
flow

Lecture 14

Designing for Play

• How is designing a game different from 
designing any other interactive system?

• Game design theory

• Design concepts and methods

• Evaluation methods

• Measures of playful experience



• Social networks & games

• Network measures and 
properties

• Degree distributions

• Applications: friendship, trust and 
recommendation networks; 
online communities; social 
gaming; etc.

• Models of network growth

• Diffusion of innovations

Nature © Macmillan Publishers Ltd 1998

8

letters to nature

NATURE |VOL 393 | 4 JUNE 1998 441

removed from a clustered neighbourhood tomake a short cut has, at
most, a linear effect on C; henceC(p) remains practically unchanged
for small p even though L(p) drops rapidly. The important implica-
tion here is that at the local level (as reflected byC(p)), the transition
to a small world is almost undetectable. To check the robustness of
these results, we have tested many different types of initial regular
graphs, as well as different algorithms for random rewiring, and all
give qualitatively similar results. The only requirement is that the
rewired edges must typically connect vertices that would otherwise
be much farther apart than Lrandom.
The idealized construction above reveals the key role of short

cuts. It suggests that the small-world phenomenon might be
common in sparse networks with many vertices, as even a tiny
fraction of short cuts would suffice. To test this idea, we have
computed L and C for the collaboration graph of actors in feature
films (generated from data available at http://us.imdb.com), the
electrical power grid of the western United States, and the neural
network of the nematode worm C. elegans17. All three graphs are of
scientific interest. The graph of film actors is a surrogate for a social
network18, with the advantage of being much more easily specified.
It is also akin to the graph of mathematical collaborations centred,
traditionally, on P. Erdös (partial data available at http://
www.acs.oakland.edu/�grossman/erdoshp.html). The graph of
the power grid is relevant to the efficiency and robustness of
power networks19. And C. elegans is the sole example of a completely
mapped neural network.
Table 1 shows that all three graphs are small-world networks.

These examples were not hand-picked; they were chosen because of
their inherent interest and because complete wiring diagrams were
available. Thus the small-world phenomenon is not merely a
curiosity of social networks13,14 nor an artefact of an idealized

model—it is probably generic for many large, sparse networks
found in nature.
We now investigate the functional significance of small-world

connectivity for dynamical systems. Our test case is a deliberately
simplified model for the spread of an infectious disease. The
population structure is modelled by the family of graphs described
in Fig. 1. At time t ¼ 0, a single infective individual is introduced
into an otherwise healthy population. Infective individuals are
removed permanently (by immunity or death) after a period of
sickness that lasts one unit of dimensionless time. During this time,
each infective individual can infect each of its healthy neighbours
with probability r. On subsequent time steps, the disease spreads
along the edges of the graph until it either infects the entire
population, or it dies out, having infected some fraction of the
population in the process.

p = 0 p = 1 
Increasing randomness

Regular Small-world Random

Figure 1 Random rewiring procedure for interpolating between a regular ring

lattice and a random network, without altering the number of vertices or edges in

the graph. We start with a ring of n vertices, each connected to its k nearest

neighbours by undirected edges. (For clarity, n ¼ 20 and k ¼ 4 in the schematic

examples shown here, but much larger n and k are used in the rest of this Letter.)

We choose a vertex and the edge that connects it to its nearest neighbour in a

clockwise sense. With probability p, we reconnect this edge to a vertex chosen

uniformly at random over the entire ring, with duplicate edges forbidden; other-

wise we leave the edge in place. We repeat this process by moving clockwise

around the ring, considering each vertex in turn until one lap is completed. Next,

we consider the edges that connect vertices to their second-nearest neighbours

clockwise. As before, we randomly rewire each of these edges with probability p,

and continue this process, circulating around the ring and proceeding outward to

more distant neighbours after each lap, until each edge in the original lattice has

been considered once. (As there are nk/2 edges in the entire graph, the rewiring

process stops after k/2 laps.) Three realizations of this process are shown, for

different values of p. For p ¼ 0, the original ring is unchanged; as p increases, the

graph becomes increasingly disordered until for p ¼ 1, all edges are rewired

randomly. One of our main results is that for intermediate values of p, the graph is

a small-world network: highly clustered like a regular graph, yet with small

characteristic path length, like a random graph. (See Fig. 2.)

Table 1 Empirical examples of small-world networks

Lactual Lrandom Cactual Crandom
.............................................................................................................................................................................
Film actors 3.65 2.99 0.79 0.00027
Power grid 18.7 12.4 0.080 0.005
C. elegans 2.65 2.25 0.28 0.05
.............................................................................................................................................................................
Characteristic path length L and clustering coefficient C for three real networks, compared
to random graphs with the same number of vertices (n) and average number of edges per
vertex (k). (Actors: n ¼ 225;226, k ¼ 61. Power grid: n ¼ 4;941, k ¼ 2:67. C. elegans: n ¼ 282,
k ¼ 14.) The graphs are defined as follows. Two actors are joined by an edge if they have
acted in a film together. We restrict attention to the giant connected component16 of this
graph, which includes �90% of all actors listed in the Internet Movie Database (available at
http://us.imdb.com), as of April 1997. For the power grid, vertices represent generators,
transformers and substations, and edges represent high-voltage transmission lines
between them. For C. elegans, an edge joins two neurons if they are connected by either
a synapse or a gap junction. We treat all edges as undirected and unweighted, and all
vertices as identical, recognizing that these are crude approximations. All three networks
show the small-world phenomenon: L � Lrandom but C q Crandom.
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Figure 2 Characteristic path length L(p) and clustering coefficient C(p) for the

family of randomly rewired graphs described in Fig. 1. Here L is defined as the

number of edges in the shortest path between two vertices, averaged over all

pairs of vertices. The clustering coefficient C(p) is defined as follows. Suppose

that a vertex v has kv neighbours; then at most kvðkv � 1Þ=2 edges can exist

between them (this occurs when every neighbour of v is connected to everyother

neighbour of v). Let Cv denote the fraction of these allowable edges that actually

exist. Define C as the average of Cv over all v. For friendship networks, these

statistics have intuitive meanings: L is the average number of friendships in the

shortest chain connecting two people; Cv reflects the extent to which friends of v

are also friends of each other; and thus C measures the cliquishness of a typical

friendship circle. The data shown in the figure are averages over 20 random

realizations of the rewiring process described in Fig.1, and have been normalized

by the values L(0), C(0) for a regular lattice. All the graphs have n ¼ 1;000 vertices

and an average degree of k ¼ 10 edges per vertex. We note that a logarithmic

horizontal scale has been used to resolve the rapid drop in L(p), corresponding to

the onset of the small-world phenomenon. During this drop, C(p) remains almost

constant at its value for the regular lattice, indicating that the transition to a small

world is almost undetectable at the local level.

Lecture 15

Social Networks

Lecture Schedule
Week Thu 4pm Fri 2pm

2 1.  Introduction        2. CC

3 3.  Evolutionary Design 1 4.  Evolutionary Design 2

4 5.  Shape Grammars 6.  L-Systems

5 7.  Image Filters 8.  NPR Rendering

6 9.  Steering Behaviours 10.  Pathfinding

7 11.  Behaviour Trees 12.  Adaptive Games

8 13.  Interactive Play 14.  Designing for Play

9 15.  Social Networks 16.  Monte Carlo Tree Search

10 17.  Revision lecture

Subject to change!



• Guest lecturer: Cameron Browne

• Computational Creativity Group (ccg.doc.ic.ac.uk)

• Lectures: Thursday at 4pm in room 311 and Friday at 
2pm in room 145

• Tutorial immediately after the 4pm lecture on Thursdays

• No tutorial today

• No lecture tomorrow

• Slides on web (at start of each week).  No handouts 

Logistics

Logistics

• No background required: AI, graphics and/or 
HCI would help

• Individual coursework

• Two weeks in end February 

• Based on Ludic Agents material

• Exam

• http://ccg.doc.ic.ac.uk/wiki/doku.php?id=ludic



Student Feedback

• “Love it!”

• “Very enjoyable”

• “Best course of 
this year”

• “Too much 
material”

• “Lacked a bit of 
focus”

• “Too fluffy”

The module ran for the first time in 2009-10

Additional Reading
Context for the Module

• Buckland: Programming Game AI by Example. Wordware, 
2005. ISBN 1556220782

• Salen & Zimmerman: Rules of Play: Game Design 
Fundamentals. MIT Press, 2003. ISBN 0262240459

• Strothotte and Schlechtweg: Non Photorealistic 
Computer Graphics: Modeling, Rendering and Animation. 
Morgan Kaufmann, 2002. ISBN 1558607870


