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Task 19
It is given a hash table of size𝑚 and a natural number 𝑛. To insert the elements from the
universe𝑈 with |𝑈 | ≥ 𝑛 ·𝑚 an arbitrary hash function ℎ : 𝑈 → {0, 1, . . . ,𝑚 − 1} is used.
Show that𝑈 has a subset 𝑇 of size 𝑛 for which all elements collide with each other.

Task 20
Given a graph 𝐺 in a) adjacency list representation and b) matrix representation. Answer the
following questions for both representations.

1. What (tight) runtime complexity does the calculation of the out-degree of a node have?
2. What (tight) runtime complexity does the calculation of the in-degree of a node have?

Specify the complexities using Θ notation based on the parameters out-degree, in-degree,
number of nodes, and number of edges.

Task 21
Two nodes 𝑢 and 𝑣 in a graph are called connected if in the graph (1) there is a path from 𝑢 to
𝑣 and (2) a path from 𝑣 to 𝑢. In undirected graphs, statements (1) and (2) are equivalent.

Develop an algorithm with runtime 𝑂 ( |𝑉 | + |𝐸 |) that assigns an (integer) label 𝑣 .ℓ to each
vertex 𝑣 of a given undirected graph 𝐺 = (𝑉 , 𝐸) such that 𝑣 .ℓ = 𝑢.ℓ for every pair of vertices
𝑢 and 𝑣 if and only if 𝑢 and 𝑣 are connected.


