
SHES 2402 ADAPTIVE SYSTEMS

WEEK 9: CELLULAR AUTOMATA (PART 1)

COMPLEXITY FROM SIMPLE RULES

• It is often supposed that complexity arises because the underlying causes are compli-
cated. This is true in many cases, so people are often sceptical of simple explanations
for complex phenomena.

• However, the discovery that simple rules can lead to emerging complexity has rad-
ically changed the way scientists view complexity. This phenomenon can be easily
demonstrated using cellular automata (CA).

• A simple example of a cellular automaton is the two-dimensional grid, where each cell
in the grid switches state (0 or 1; white or black) depending on certain rules imposed
on them. In the beginning (t = 0), the state of each cell is specified, and then the cells
change states in the next generation (t = 1) according to some fixed rule. Surprising
results can often appear from seemingly simple initial patterns.

• The most well-known CA is Conway’s “Game of Life”. In this particular CA, the states
of the cells are governed by the following simple rules:

For an occupied cell:
1. If the number of neighbours is 1 or less, then it “dies” (becomes empty) because of
“loneliness”;
2. If the number of neighbours is 4 or more, then it also “dies” because of “overcrowd-
ing”.
3. If the number of neighbours is 2 or 3, then it “survives” (remains occupied).

For an empty cell:
1. If the number of neighbours is 3, then it becomes occupied because of “migration”.

• To see interesting patterns that can emerge from simple initial states, visit
http://conwaylife.com. Try to track changes in the state of the cells in a few gen-
erations by following Conway’s rules.

• Researchers use CA to study self-organisation phenomenon, which may be useful for
explaining some natural phenomenon. In computer science, CA is likely to be an
important component in the quest for developing artificial intelligence.
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SHES 2402 ADAPTIVE SYSTEMS

WEEK 9: SWARM INTELLIGENCE (PART 2)

THE ANT COLONY OPTIMISATION ALGORITHM

• In nature, there are organisms that are “simple” if viewed individually - that is, by
itself, the tasks that it can accomplish are very limited. However, when present in
large numbers, such organisms appear to learn how to cooperate with each other to
achieve a task not individually achievable. Examples: division of labour in bee and
ant colonies, locust attacks, formation of herds, etc.

• The collective behaviour of such decentralized, self-organised systems is known as
swarm intelligence (SI). In SI systems, the individuals of a population interact lo-
cally with one another and their environment, using only simple rules. There is no
“central command” that directs the behaviour of each individual.

• Surprisingly, in the absence of any “central command” the collective outcome of all
such local interactions leads to actions that seem intelligent. For example, termites in
a colony are able to achieve formidable tasks like constructing huge mounds, as well
as efficiently “delegating” food foraging operations.

• These observations from nature have stimulated the development of alternative optimi-
sation algorithms for solving real world problems. About 18 years ago, Marco Dorigo
proposed the Ant Colony Optimisation (ACO) algorithm for solving combinatorial
optimisation problems. The latter are a class of problems where the set of possible
solutions is discrete. Example: The Travelling Salesman Problem.

• Consider the following problem, where there are four paths from an ant colony to a
food source (sketch in class). Initially, the ant colony sends out a scout to look for
food. The scout initially moves randomly (thus picking one of the four paths), and
eventually finds the food source. It then returns home ; en route home, it leaves a trail
of pheromones. Once deposited, the pheromones begin to evaporate.

• Back in the ant colony, the other ants are alerted by the scout. The excited ants
rush out of the ant colony in large numbers. Most of them pick up the scent of the
pheromone trail, so they follow the path of the returning ant. However, ants emerging
later may try other routes (due to evaporation of the pheromone near the entrace).
Because of their large numbers, the remaining routes are now travelled by some ants.

• Ants reach the food source and then take bits of it back to the nest, tracing their initial
path. The ants that used the shorter paths will get home faster; and those that used
the longer paths, slower.
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• For a long path, the pheromones near the food source evaporate faster compared to
those near the nest. Eventually, because the pheromones on the shortest path tend to
stay longer, more and more ants use this path. This is called path “strengthening”
(stronger concentration of pheromones because more ants use it). After many turns,
the other paths are abandoned. Thus, an observer who only observed the final outcome
would think that ants are “smart” because they could “tell” which route was shortest.

• Remarks: An isolated ant is a frightened ant indeed!

KTF 2010/2011(2)
2


	AS.LECTURE9.CA1
	AS.LECTURE9.SI

