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WHERE TO FIND THEM?

Social Network Subway map Computer Images



THE PUZZLE THAT STARTED IT ALL

Source: https://www.amusingplanet.com/2018/08/the-seven-bridges-of-konigsberg.html

The seven bridges of Königsberg
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The seven bridges of Königsberg



THE PUZZLE THAT STARTED IT ALL
The seven bridges of Königsberg

Source: Wikipedia (+ some edition)

3

3

3

5

A

B

C

D



THE PUZZLE THAT STARTED IT ALL
The seven bridges of Königsberg

Source: Wikipedia (+ more edition)



THE PUZZLE THAT STARTED IT ALL
The seven bridges of Königsberg
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WHAT IS A GRAPH?



WHAT IS A GRAPH?
A graph is a set of vertices (dots, points, nodes) and a set of edges (connections)
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COMPUTATIONAL PROBLEMS



COMPUTATIONAL PROBLEMS
PageRank

How are webpages ordered when users
perform a Google search?



COMPUTATIONAL PROBLEMS
PageRank

How are webpages ordered when users
perform a Google search?

Source: Motif Simplification: Improving Network Visualization
Readability with Fan and Parallel Glyphs (Dunne, Shneiderman) 2013



COMPUTATIONAL PROBLEMS
Routing Problems

How does Google maps suggest the
shortest route from A to B?

Source: projects.indicatrix.org/dijkstra.js/
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Routing Problems

How does Google maps suggest the
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COMPUTATIONAL PROBLEMS
Recommendation systems

Source: Knowledge Graphs: Opportunities and Challenges (Peng, Xia, Naseriparsa, Osborne)
Artificial Intelligence Review, 2023

How does Netflix
recommend movies?



COMPUTATIONAL PROBLEMS
Pattern recognition

How do computers recognize
figures (patterns)?
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COMPUTATIONAL PROBLEMS
Pattern recognition

How do computers recognize
figures (patterns)?

Source:Multiresolution Image Segmentations in Graph Pyramids (Kropatsch, Haxhimusa, Ion)  2007



COMPUTATIONAL PROBLEMS
Pattern recognition

How do computers recognize
figures (patterns)?

Source:Multiresolution Image Segmentations in Graph Pyramids (Kropatsch, Haxhimusa, Ion)  2007



COMPUTATIONAL PROBLEMS
Efficiency matters



COLOURING PROBLEMS
The Four Colour Theorem



COLOURING PROBLEMS
The Four Colour Conjecture (1852)

Frederick Guthrie

Francis Guthrie Augustus de Morgan



COLOURING PROBLEMS
The Four Colour Conjecture (1852)

Source:  Reddit
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The Four Colour Conjecture (1852)



COLOURING PROBLEMS
The Four Colour Conjecture (1852)

Source:  Wikipedia
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COLOURING PROBLEMS
The Four Colour Conjecture (1852)



COLOURING PROBLEMS
The Four Colour Theorem (1976)

Every map can be coloured with four
colours in such a was that neighbouring

regions have different colours

Appel and Hakken
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COLOURING PROBLEMS
Sudoku

Source:  Wolfram Community



COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper k-colouring of G



COLOURING PROBLEMS
Computational complexity
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Given an input graph G determine whether there is a proper 9-colouring of G



COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper 1-colouring of G
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Computational complexity

Given an input graph G determine whether there is a proper 2-colouring of G
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COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper 2-colouring of G

Approach 1 (Brute force)

Approach 2  (Consistency)
Running time: n²

Running time: 2  n

2⁷⁰ seconds > age
of the universe

70² seconds < 1h30'



COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper 3-colouring of G
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COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper 3-colouring of G

Approach 1 and 2 give exponential running times :(

Is there an efficient algorithm that solves 3-colouring?



COLOURING PROBLEMS
Computational complexity

Given an input graph G determine whether there is a proper 3-colouring of G

Approach 1 and 2 give exponential running times :(

Is there an efficient algorithm that solves 3-colouring?
(this is a million dollar question)



COLOURING PROBLEMS
The P versus NP problem: a Millennium Prize Problem

If the solution to a problem is easy to verify, is the problem also easy to solve?



COLOURING PROBLEMS
The P versus NP problem: a Millennium Prize Problem

If the solution to a problem is easy to verify, is the problem also easy to solve?

3-colouring
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If the solution to a problem is easy to verify, is the problem also easy to solve?

Graph colouring Hamiltonian path



COLOURING PROBLEMS
The P versus NP problem: a Millennium Prize Problem

If the solution to a problem is easy to verify, is the problem also easy to solve?

Integer FactorizationGraph colouring Hamiltonian path



THANK YOU FOR YOUR ATTENTION!


