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Dirac’s theorem: every graph G = (V, E) with |V| ≥ 3 and minimal degree ≥ 
|V|/2 contains a Hamiltonian cycle.



PROVE

For any two arbitrary nodes x and y in V, where x ≠ y, there exists 
an x-y path of length at most two.

(Assume |V|≥3 and minimal degree ≥ |V|/2)



What is the sum of all integers from 1 to 100 that are multiples of 2 or 3?



What is the sum of all integers from 1 to 100 that are multiples of 2 or 3 
or 5?



Inclusion–Exclusion Principle



In-Class Exercise

https://n.ethz.ch/~ahmala/anw/material/In_Class_Exercise.pdf



Matchings

A matching M is maximal (inklusions-maximal) if and only if no edge in E \ M 
can be added to the matching without violating the definition of a matching.

A matching M is maximum (kardinalitäts-maximal) if and only if there is no 
matching in the graph that contains more edges

A matching M is called perfect (perfekt) if and only if |M| = |V| / 2 i. e. every 
vertex of the graph is incident to exactly one edge of the matching.



2-Approximation Algorithm for the Metric TSP

1. Compute an MST in the graph in O(n^2).

2. Create a multi-graph by doubling every edge in the 
MST.

3. Find an Eulerian Tour in that multi-graph

4. Translate this tour in the multi-graph to a cycle in the 
original graph: Use the same sequence of vertices but 
whenever a vertex is visited for the second time, instead 
go directly to the next unvisited vertex in the tour.



2-Approximation Algorithm for the Metric TSP

1. Compute an MST in the graph in O(n^2).

2. Create a multi-graph by doubling every edge in the 
MST.

3. Find an Eulerian Tour W in that multi-graph

4. Translate this tour in the multi-graph to a cycle C in 
the original graph: Use the same sequence of vertices but 
whenever a vertex is visited for the second time, instead 
go directly to the next unvisited vertex in the tour.



2-Approximation Algorithm for the Metric TSP

1. Compute an MST in the graph in O(n^2).
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What if we want 
1.5-Approximati

on?



1.5-Approximation Algorithm for the Metric TSP




