


Goal: Use applied topology in quantum topology

| 'Knot = closed string in three spaces; link = multiple components
I Knots are studied by projections to the plar Shadows

I Knots/links are the basic building blocks of low dimensional manifolds

Knots as point clouds Or: Knots, data and TDA January 2026 2 /4



Goal: Use applied topology in quantum topology

The invariant gives the same answer
-> bad, we can't [l}say anything

@ \\ Output

The invariant gives different answers
-> good, the knots are not the same

Output @’ 3

I In math knot theory started in the early 20th century
| Topologists from 1900-1980 studied knots from the point of view of
invariants from algebraic topology

| [Problem The invariants obtained are not particularly \good"

Knots as point clouds Or: Knots, data and TDA January 2026

2 /4



Goal: Use applied topology in quantum topology

Even the unknotting problem is tricky
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| To In general, knot theory was in need of new invariants of
o since the \standard invariants from algebraic topology"
(homology and friends)

are really not good for knots
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Goal: Use applied topology in quantum topology

I 'Kyoto 1990 Jones receives the elds medal (with Faddeev in the backgrour

I ' Quote \Jones discovered an astonishing relationship between von Neum:
algebras and geometric topology. As a result, they found a new polynomia
invariant for knots and links in 3-space."”

| [Today The focus is on the quantum knot invariantsa la Jones
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Goal: Use applied topology in quantum topology

1800s—early 1900s: proto invariants and the “classical topology” backbone
Date Invariant (family) Type/style What it measures / why it matters
1833 Linking number (Gauss integral) geometric < algebraic First robust link invariant; counts signed linking.
topology ETSU Faculty
c. 1870s Crossing number (as a concept in combinatorial/ Not invariant of a diagram but of the isotopy class via
tabulation) diagrammatic minimization; key for classification culture.
c. 1870s Writhe (diagram quantity) combinatorial/ Not a knot invariant under all Reidemeister moves, but
diagrammatic essential in framed/regular isotopy settings.
1890s-1905 Knot group 7r1(S3 \ K) via algebraic topology The flagship “nonabelian” invariant; Wirtinger presentation
presentations becomes standard.  School of Mathe... ~
c. 1900-1910 Peripheral structure (meridian/ algebraic topology Upgrades the knot group; crucial for distinguishing knots
longitude up to conjugacy) with isomorphic groups.
c. 1910 Colorings / Fox-type Iget Early forerunners of “quandle” thinking and finite-group
prototypes counting invariants.
_—

algebras and geometric topology. As a result, they found a new polynomia
invariant for knots and links in 3-space."

| [Today The focus is on the quantum knot invariantsa la Jones
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Goal: Use applied topology in quantum topology

Rostami, Z., Fooshee, D., Carlsson, G., & Subramaniam, S. (2025). Topological Déta Analysis Reveals a Subgroup of Luminal B
Breast Cancer IEEE Open Journal of Engmeermg in Medlcme and Blology 6, 465~ 471

S—
BIG DATA IN THEORETICAL MATH This talk!
® Introduce new tools from applied algebraic topology and
compare with other tools

® Focused on knot theory but the tools developed are not
limited to knots or theoretical mathematics

® Use filtrations to analyze infinite data sets where
representative sampling is impossible or impractical

® Analyze knot invariants and their relations
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Goal:

Use applied topology in quantum topology

Number of Prime Knots

Log Plot of Prime Knots with n Crossings Successive Quotients of Prime Knots
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For this to work we need a lot of data; and we are lucky:

Ernst{Sumners 1987 The number of knots grows exponential

¥ ANaryZze KNot Mvartants ana tneir rerations
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Big data and quantum invariants

I _ is the art of nding the shape of data

| Question What shape are quantum knot invariants?

I - Can the shape measure how good they are?
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