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Week 3
Matchings (with exercise)

Metric TSP with Matching

Colouring (with exercise)



Infos

Feel free to contact me:

▪ tistucki@student.ethz.ch

▪Discord: timostucki

Material: 

▪ timostucki.com
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Matchings

→ We can make an algorithm out of this! 
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Matchings

▪ For 1 iteration:

▪ In total after at most n/2 iterations:

(since a maximum matching has at most n/2 edges) 



Matchings

▪Preview:



Matchings

one augmenting path at a time
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Exercise S4



Matchings





Metric TSP with Matching
Travelling-Sales-Person Problem
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Metric TSP with Matching

Intuition:

For all x, y, z in [n] with e = {x, z}, f = {x, y}, g = {y, z} the inequality holds:

l(e) ≤ l(f) + l(g)

In other words: A “shortcut” can never be longer than an indirect path

x

y

z



Metric TSP For all x, y, z in [n] inequality holds: l({x, z}) ≤ l({x, y}) + l({y, z})

Goal: 

▪ Find a 1.5-approx. algorithm for the 
metric TSP using matchings

This means:

Algorithm has to find Hamiltonian cycle C
s.t.

l(C) ≤ 1.5 * opt(Kn, l)

Better than last times’ 2-approx. algorithm!



Metric TSP For all x, y, z in [n] inequality holds: l({x, z}) ≤ l({x, y}) + l({y, z})

1. Find MST T (Minimal Spanning 
Tree)

l(T) ≤ opt(Kn, l)
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Metric TSP with Matching

▪ Finding MST dominates the runtime



Metric TSP with Matching

▪ Finding MST dominates the runtime

matching in O(n3)
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Colouring

more edges → more problems

contrary to matchings and connectivity
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more edges → more problems

contrary to matchings and connectivity



Colouring

A k+1-edge-connected graph is also k-edge-connected

▪A 4-edge-connected graph is also 3-edge-connected

A k+1-colourable graph is not necessarily colourable in k colours

A k-colourable graph is also k+1-colourable

▪A graph that can be coloured using 3 colours can also be coloured 
using 4 colours



Colouring



Colouring

Example:



Colouring



Colouring

A k-colourable graph is also k+1-colourable

▪A graph that can be coloured using 3 colours can also be coloured 
using 4 colours

⟺
A k-partite graph is also k+1-partite



Colouring

▪What is the chromatic number of this graph?

▪ Is it bipartite?

▪ Is it tripartite?

▪ Is it k-partite for k ≥ 1
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Colouring

Application of block-graph:

Every block in G is k-colourable → G is k-colourable



Exercise: Colouring





Umfrage
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