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Exercise 7.1: Suppose we change the mutation operator of the (1+1) EA in the
following way:

∙ For each bit of y, flip it independently with probability 1/2.

Show a general upper bound O(2n) on the expected optimization time of the resulting
algorithm. Why is the algorithm not useful?

End of Exercise 1

Exercise 7.2: Now we change the mutation operator of the (1+1) EA in a less drastic
way:

∙ For each bit of y, flip it independently with probability 2/n.

Show that the bound O(n log n) on OneMax still holds for the resulting algorithm.

End of Exercise 2

Exercise 7.3: Consider the following population-based algorithm, whose population
size is M . Assume that all populations (the sets P ∗, Q∗ and Pt) are multisets, i. e., may
contain elements more than once.

1. t := 0. Choose x(1), . . . , x(M) ∈ {0, 1}n independently and uniformly at random.
Let Pt := {x(1), . . . , x(M)}.

2. Choose x ∈ Pt uniformly at random. Let y := x.

3. For each bit of y, flip it independently with probability 1/n. Let P ∗ := Pt ∪ {y}.
4. Let Q∗ := {x ∈ P ∗ ∣ f(x) = min{f(z) ∣ z ∈ P ∗}} be the elements in P ∗ having

minimal f -value.

5. Choose z ∈ Q∗ uniformly at random. Let Pt+1 := P ∗ ∖ {z}.
6. t := t + 1. Goto 2

To do:

1. If M = 1, the algorithm is “almost” the (1+1) EA. What is the only difference?

2. Prove an upper bound O(Mn log n) for the expected optimization time on One-
Max for the algorithm.



∗ (difficult) Assuming M ≥ log n, improve the last bound to O(Mn log log n).
Hint: The mutation operator does not flip any bit at all with a probability of
(1− 1/n)n = Ω(1).

End of Exercise 3

Exercise 7.4: Reconsider the lengthy proof for the lower bound Ω(n log n) for the
expected optimization time of the (1+1) EA on functions with unique optimum. At
what places do we use arguments that do not hold for RLS?

End of Exercise 4

THE FOLLOWING EXERCISE IS MANDATORY.

Exercise 7.5: Let f : {0, 1}n → ℝ be of the kind

f(x1, . . . , xn) = w1x1 + w2x2 + . . . + wnxn

for arbitrary wi > 0, 1 ≤ i ≤ n (hence, f is an arbitrary linear function with positive
weights).
Show that the expected optimization time of the (1+1) EA on f is O(n2). Use a
fitness-based partition for your proof.

End of Exercise 5


