
SHES 2402 ADAPTIVE SYSTEMS
TUTORIAL 1 SOLUTION

1. Note that the second letter of the third string has been changed to E. Refer to the question
paper for the exact sequence of the strings.

String fi fi/f̄ Random number Copies
1 0 0 - 0
2 1 5/6 0.4 0+1 = 1
3 1 5/6 0.99 0+0 = 0
4 1 5/6 0.82 0+1 = 1
5 3 15/6 0.21 2+1 = 3

Remarks: Random numbers need not be exactly the same as those used; for column 4 of
string 3, you can choose any random number. If it is less than 5/6, then string 3 gains 1
offspring; otherwise it does not.

2. Mutation operator missing: this is equivalent to setting the mutation rate = 0. Con-
vergence to HELLOWORLD may or may not be possible, depending on how variable are the
individuals in the starting population, as well as the population size. Mutation rate set too
high: this is almost equivalent to a brute force search of a space of 1026 possible solutions.
Convergence may be possible but extremely slow, since mutation will always change selected
hyperplanes to hyperplanes with lower objective function value.

3. We can consider two or multiple point crossovers, as biologists have observed. Maintaining
population size: if the offspring population size is larger than a fixed size N , it can be kept
constant by taking the top N offsprings, as judged by their objective function value (culling
/ pruning); if population size falls below N , we can simply introduce random sequences into
the population such that the size becomes N (migration).

4. The number of ways we can put no “*” into K cells is
(
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)
; and there are
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)
ways to put

one “*” into K cells;
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)
ways to put two “*” into K cells; in general, there are
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)
ways

to put i “*” to K cells. Altogether, we have

K∑
i=1

(
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)
= (1 + 1)L = 2L,

by the Binomial Theorem. However, since we do not consider K cells with “*” as a hyper-
plane (because it is the solution space itself), we subtract 1 from 2K . This completes the
proof. For schemata, we can fill each cell with three symbols (0,1,*), so there are altogether
3K possible schemata. Again, as we do not consider K cells with “*” as a schemata, we
subtract 1 from 3K . This completes the proof.
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