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Exercise 8.1: Let i ∈ {1, . . . , n} be arbitrary and prove the following: Within 2n2

steps of the (1+1) EA, there are with probability at least 1−2−Ω(n) at least n mutations
that flip the i-th bit. (Use Chernoff bounds.)

End of Exercise 1

Exercise 8.2: Reconsider the (1+1) EA and RLS≤2 for the minimum spanning tree
(MST) problem. Show that the bound on the expected optimization time can be im-
proved to O(m2(log n+logwmax−logG)), where G := gcd({w1, . . . , wm}) is the greatest
common divisor of all edge weights.

End of Exercise 2

Exercise 8.3: Consider the following (1+M) EA, which generates M new offspring
solutions in one iteration of the main loop. The aim of the algorithm is maximization
of f .

1. t := 0. Choose x ∈ {0, 1}n uniformly at random.

2. For i = 1 to M do

• yi := x

• Flip each bit of yi independently with probability 1/n.

3. If there exists i ∈ {1, . . . ,M} such that f(yi) ≥ f(x) then x := yi
(choosing i uniformly if more than one index satisfies the condition).

4. t := t + 1. Goto 2.

Analyze the (1+n) EA on OneMax and let T be the smallest t such that an optimum
has been found. Show that E(T ) = O(n).
Hint: You may use the estimation (1− 1/(en))n ≤ 0.7.

End of Exercise 3



Exercise 8.4: Consider the following example function f : {0, 1}n → R. Let 1i0n−i

denote the bit string consisting of i leading one-bits and n− i trailing zero-bits.

f(x) :=


3n if x = 1n or x = 0n,

2n if x = 1i0n−i for i < n,

n−OneMax(x) otherwise.

Show that the expected optimization time of standard RLS (i. e., the variant flipping
exactly one bit per mutation) for the maximization of f is O(n3).

End of Exercise 4

THE FOLLOWING EXERCISE IS MANDATORY.

Exercise 8.5: Let f : {0, 1}n → N be of the kind

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

for arbitrary wi ∈ N, 1 ≤ i ≤ n (hence, f is an arbitrary linear function with posi-
tive, integral weights). Assume furthermore that max{w1, . . . , wn} ≤ nc for some con-
stant c > 0.
Show that the expected optimization time of the (1+1) EA for the maximization of f
is O(n log n). Use the method of expected multiplicative distance decrease and concen-
trate on steps flipping exactly one bit.

End of Exercise 5


