Unexpected connections

Tom Leinster
Edinburgh



Keep yourself open

and don't neglect your larger self




Applied maths

=+ applied differential equations

= differential equations applied to
physical problems




Algebraic topology of data sets

“What's this?" 1 ask:
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[extracted from article by Vin de Silva]


http://pages.pomona.edu/~vds04747/public/resume/desilva_research.pdf
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DNA knotting

From the website of Dorothy Buck (Imperial):

RESEARCH INTERESTS

BIOMATHEMATICS:

* DNA-protein Interactions

* Site-specific recombination

* Mechanism of type-2 Topoisomerases

# Integron Integrases

® Mechanisms of Antibiotic Resistance
TOPOLOGY

e Three-Manifolds

¢ Knot theory

# Dehn surgery

« Tangles

* Unknotting Number

FIGURE 1. In these examples the recombinase complex B meets the
substrate in the two crossover sites (highlighted in black).

[source: Buck and Flapan]


http://www2.imperial.ac.uk/~dbuck/
http://www.omup.jp/modules/papers/knot/chap07.pdf

A few other applications of mathematics

e Order theory, category theory and classical logic have all been used for
the modelling and specification of concurrent systems.

e Topological data analysis, founded on the theory of persistent homology,
discovered a new subtype of breast cancer with a 100% survival rate. fing

e Many new applications of * “pure” ' algebra are underway. ..

Applied Algebra and Geometry

Research Network

This research network brings together UK academics who are interested in
applications of algebra and geometry, and related algebraically-minded fields,
be it commutative algebra, representation theory, group theory, process
algebras, as well as algebraic geometry, category theory, and algebraic
topology. The scope extends to computational algebra for applications

including data-science, biology, medicine, engineering, physics, etc.


https://www.ias.edu/ideas/2013/lesnick-topological-data-analysis
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Figure 5
The pmjecled orblls of ¥ =1(2,1,1, -1, 0, 1) under the group G, provide blueprints for the capsid
hage MS2 (based on PDB file 1ag3. van den Worm et al.. 1998).
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ALGEBRAIC SYSTEMS BloLoGY

Much of our research is motivated by applications. We develop models and methods to study primarily
biological and chemical systems; however, our work is also applied towards [ERginEering; medical; physical
and social prablems. Such analysis often requires working with data.

QOur research group uses mathematical and statistical techniques including numerical algebraic geometry,
Bayesian statistics, differential equations, linear algebra, network science, and optimisation, in order to solve
interdisciplinary problems. Our research interests include applied algebraic geometry, algebraic statistics,
dynamical systems, topological data analysis, cellular signaling, chemical reaction network theory,
mathematical and systems biology.

The research group is led by Heather Harrington. See our members page for more details. We are
mahemat cians working at the infsfae of theoratical, applied, and data science.



https://www.ias.edu/ideas/2013/lesnick-topological-data-analysis

Applied maths
can help
pure maths




Random matrices and the Riemann zeta function

The year: 1972.
The scene: Afternoon tea at the Institute for Advanced Study, Princeton.

Freeman Dyson, dapper British physicist: ‘So tell me, Montgomery, what
have you been up to?’

Hugh Montgomery, boyish American mathematician: "Well, lately I've been
looking into the distribution of the zeros of the Riemann zeta function.’
Dyson: ‘Yes? And?’'

Montgomery: ‘It seems the two-point correlations go as...' (turning to write
on a nearby blackboard)

Dyson: Extraordinary! Do you realize that’s the pair-correlation function for
the eigenvalues of a random Hermitian matrix? It's also a model of the
energy levels in a heavy nucleus — say uranium 238.

[adapted from web page by Bob McLeod]


http://www.ee.umanitoba.ca/~mcleod/Riemann/Dyson.html

Random matrices and the Riemann zeta function
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[source: Bob McLeod]


http://www.ee.umanitoba.ca/~mcleod/Riemann/Dyson.html

Two more examples of applied helping pure

e The Gruppenpest (plague of groups) [in

e My collaborator Mark Meckes: [ing
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ways better behaved. For a compact (not necessarily positive definite) metric space A, the
maximum diversity of A is

1
(4.3) Al, = sup (ff —4(ab) d(a) {l,u(b)) .
HeP(A)

where P(A) denotes the space of Borel probability measures on A. By renormalization, this

is simply what one obtains by restricting the supremum in to positive measures; thus
we trivially have

(4.4) Al, < (4]

for anv commnact POOMS A The name stems from the followine internretation of the anantity


http://ncatlab.org/nlab/show/Gruppenpest
http://arxiv.org/abs/1308.5407

Prepare to rewire your brain




We all have a mental map of mathematics. ..
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... but it can be misleading.




Statistical inference as a branch of logic

Probability Theory

The Logic of Science

E. T. JAYNES

If A is true, then B becomes more plaosible

B is true

therefore, A becomes more plausible.

Universitat de Barcelona

T Hame » Tre Universty  Campusos, facufis and departerks  Departerts  Deparerd of Pebakiy, Logis and
s”::’“ Department of Probability, Logic and Statistics
's and

[Jaynes link]


http://www.cambridge.org/9780521592710

Knowing unusual combinations
of subjects
gives you an advantage




Logic + topology + computer programming

T T Thiery Coquand, Sergey Melikhov. Noam Zeilberger

dton thers were e fllowing short s long-em viliors includiogstudent i
se contributions to the Special Year were also essential

Univalent Foundations of Mathematics U -

Cyil Cohen Georges Gonthier Zhaohui Luo

Robert Consable Thomas Hales Michael Nahas
Firre-Louis Caren Robert Harper Erk Patmgren
Peter Dyter Martin Hofmann Emily Richl
Martin Escard Piter Hofsra Dana Scott
Kuen-Bang Hou Joachim Kock Philip Scott:
Nicola Gambino Nicolai Kraus Serge Soloviev

Theorem Status

71 (S') w

Teen(87) w

long-exact-sequence of homotopy groups

total space of Hopf fibration is $* v

72(S?) w

m3(5%) v

7 (3") w

(S?) v

Freudenthal suspension theorem w

Blakers-Massey theorem w

Eilenberg-Mac Lane spaces K(G, 1) w

van Kampen theorem w

covering spaces w

Whitehead’s principle for n-types w

Table 8.2: Theorems from homotopy theory proved by hand (v) and by computer (w).


http://homotopytypetheory.org/book/

You can't learn everything
yourself. . .

... but you need to know enough to be able to
communicate with your collaborators




Expect the unexpected!




