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Exam in Artificial Intelligence 2, CIU036, 2009-01-27, 09.00-13.00, Vin Cerf.

Teacher: Krister Wolff, tel. 031-772 3625.
It is allowed to use a calculator, as long as it cannot store any text. It is also allowed to
use tables such as Standard Math, Beta etc. It is not allowed to use the handouts, slides,
books, or papers from the course during the mid-course exam. There are 5 problems in
the exam and the maximum number of points is 25.

Note: In problems involving calculations, show clearly how you arrived at your answer,
i.e. include intermediate steps etc. Only giving the answer will result in zero points on
the problem in question!

1. Define and describe, in detail, the following terms:

(a) Linear fitness ranking (1p)

(b) Creep mutations (real-number creep) (1p)

(c) Particle neighbourhoods (in PSO) (1p)

(d) Variable registers (in connection with LGP) (1p)

(e) DNA replication (1p)

In your description, include any equations that may be useful.

2. Ant colony optimization (ACO) is an important stochastic optimization method, of
which several different versions have been defined. It is typically used for solving
routing problems, such as the travelling salesman problem (TSP).

(a) One of the first ACO algorithms was the ant system (AS). Describe the AS
algorithm in detail. Make sure to provide a clear list of the various steps in the
algorithm, as well as a brief explanation of each step. You should not write
programming code, but your description should be sufficiently detailed to make
it possible to write such code (e.g. in Matlab) based on your description. You
may use the TSP as a specific example. (3p)

(b) Max-min ant system (MMAS) is another version of ACO. List and describe
clearly the differences between MMAS and AS. (2p)
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3. (a) Roulette-wheel and tournament selection are commonly used methods for se-
lection in EAs. Consider a case where a single individual is to be selected
from a population with five individuals with fitness values F1 = 1, F2 = 4,
F3 = 9, F4 = 16, and F5 = 25. What is the probability that individual 4 (with
fitness equal to 16) will be selected, in a single selection step, if the selection
is performed using

i. Roulette-wheel selection (1p)

ii. Tournament selection with a tournament size of two, and the tournament
selection probability ptour = 0.75. Note that tournament selection is done
with replacement. (1p)

(b) A GA is used for finding the maximum of the function f(x, y) = x2 + y2, in
the interval (x, y) ∈ [0, 0.9375]. The fitness measure is simply taken as f(x, y),
without any rescaling or ranking. Assume that a binary encoding is used,
with 4 genes for the variable x (the four first genes) and four genes for the
variable y. During encoding, the first gene of the variable x is multiplied by
2−1, the second by 2−2 etc. The variable y is obtained in a similar way. In
the formation of new chromosomes, the crossover probability pc = 0.10 is used,
and the mutation rate is set to 0.01. In generation g, the population consists
of six individuals with chromosomes 10101101, 01100111, 01110101, 01011001,
10010001, and 10001001. Use the schema theorem to estimate the number of
copies of the schema S1 = 1xxx1xxx in generation g + 1. (3p)

4. Particle swarm optimization (PSO) is a stochastic optimization method based on
the properties of swarming in animals.

(a) Describe the basic PSO algorithm in detail. Make sure to provide a clear list
of the various steps in the algorithm, as well as a brief explanation of each
step. You should not write programming code, but your description should
be sufficiently detailed to make it possible to write such code (e.g. in Matlab)
based on your description. (3p)

(b) In stochastic optimization algorithms such as EAs, ACO and PSO, there is
always a tradeoff between exploration and exploitation of the results already
found. Describe in detail how this tradeoff is managed in the case of PSO. In
your description, include any equations that may be useful. (2p)
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5. In analytical studies of EAs it is common to use the Onemax problem, for which
the value of the fitness function for a given (binary) chromosome equals the number
of 1s in the chromosome.

(a) A simple GA, using only roulette-wheel selection, is applied to the Onemax
problem, using random initialization of the (infinite) population consisting of
binary strings of length m. Compute analytically the probability distribution
p3(j) in the third generation (after two selection steps) and show that the
average fitness equals

F 3 =
m (m + 3)

2 (1 + m)

(2p)

(b) Find the probability distribution for generation 4, and show that the average
fitness equals

F 4 =
(m + 1) (m2 + 5m − 2)

2m (3 + m)

(3p)


