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Mathematically:
Searching for
Patterns!

NICHOLAS CONNOLLY
28H02R 20244



7

)

ICS
19586

(M. C. Escher

[

Mathemat

Print Ga

What is

T LT s ey S E—
v X o 3
E < ¥ R
7, % o
»
' "2
4




Science vs. Mathematics

SCIENCE MATHEMATICS

e Goal: Understand Nature « Goal: Understand Patterns
« Method: Experiments « Method: Proofs

« Core Concept: Falsifiable Hypothesis « Core Concept: Consistent Axioms

- Make a guess, check if it's true! - Set the rules, obey them!
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Abstract
Patterns

YOU CAN DO
MATHEMATICS
WITHOUT SCIENCE!




AV

A ROLFROLROLFOLROAL KON

AR AL R MR MR MR N,

FOL A OLFROLFROLFROLFOL R

Some Interesting
Mathematical

Patterns

Tilings

Networks

Knots

Manifolds

Fractals



Topology

« The study of stretchy shapes!

« Two shapes are the "same” if they can
be stretched into each other.

« Count the number of "holes” in a shape.




How many “different” shapes in the alphabet?

ABCDEF
GHIJKL
MNOPQ
RSTUV
WXYZ



What

About
Hiragana”

¥ S 7/ Oor
N T By Y A

S
Iy
R N

P\iv

7 ¥ A &

S v AY (Y

74



0 e B i T K 2 R A
D B 5 BKME o B 0 Y K K
T ¥ ol ¥ Bk ay ©

K NERYPERE jmaf
e 0 B A2 3 o ) QO R
O K8 Ko 3 47 M KRR
BE A ok 4 K W= B
SUBSMEIIR S Ol sl
RNEKHEORFHE
ol 5 3 B F o oKX H WP 8% K
} R e X oo X X BAE &
g B e T R =S

What
About
Kanji?



Examples from Knot Theory

5 1 1 5 5 8 3 8

1 3 4

2 7 3 7 7 7
2,1 1, 2 1,1 3,2 2.3 3.2 2.3
3t3 213 313 3+3 5*1 1*3 T*1 il

Connolly, Nicholas. Classification and tabulation of 2-string tangles: The astronomy of subtangle decompositions. The University of lowa, 2021.

Vetcher, Alexandre A., et al. "DNA topology and geometry in Flp and Cre recombination.”
Journal of molecular biology 357.4 (2006).



Mathematical Graphs (Networks)

Vertex/Node

! Edge e

4
O Q Example: the Internet!




The First Graph Theory Problem:
The Seven Bridges of Konigsberg

L eonhard Euler (1707)
Swiss Mathematician

https://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%Bénigsberg
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City of Konigsberg



Representing Konigsberg with a Graph

|s It possible to pass through each edge exactly once,

without repeating the same edge twice?

https://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%Bénigsberg


https://en.wikipedia.org/wiki/File:Konigsberg_bridges.png
https://en.wikipedia.org/wiki/File:7_bridges.svg
https://en.wikipedia.org/wiki/File:K%C3%B6nigsberg_graph.svg

The Konigsberg Solution

« The degree of a node is the number of connected edges.

« Each node in the Kongisberg graph has odd degree.
- An Euler trail is a path through each edge exactly once.

- An Euler trail only exists if there are 0 or 2 odd degree nodes.

« No solution!



https://en.wikipedia.org/wiki/File:K%C3%B6nigsberg_graph.svg

Graph Colorings

« A coloring of a graph follows these rules:
« Choose a color for each node:

« Connected nodes cannot use the same color.




Graph Coloring Puzzle

Find a coloring of the following graphs using as few colors as possible.
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Euler's Formula for Planar Graphs

\/ertex/Node . A graph is planar if it can be drawn without
crossing edges.

J Edge
/ /) « What is the relationship between the parts?
S

« V= number of vertices

« E =number of edges
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« F = number of faces (including outside®)

T T <
I

1l
Qo
*

(L V-E+F=7 4L-hHh+3=72



Graph 1.

V-E+F=?

12-17+7=7



Graph 2:

V-E+F=?

12-18+38=2



Graph 3:

V-E+F=?

12 -26+16=7




Graph 4:

V-E+F=7
What's wrong?

12 -19+7=7

17-29+14=2




Euler's Formula for Planar Graphs

V-E+F=2

Euler prooved that all planar

graphs obey this formulal



Examples of Graphs in Real Research!

2. neighbourhood 3. complement

1. input

4. output
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Jeremy C Adcock, Sam Morley-Short, Axel Dahlberg, and Joshua W Silverstone. Mapping graph
state orbits under local complementation. Quantum, 4:305, 2020.
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Connolly, Nicholas. Classification and tabulation of 2-string tangles: The astronomy of subtangle decompositions. The University of lowa, 2021.
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