


Motivation: detect knots via images

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

I 'In math knot theory started in the early 20th century
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Motivation: detect knots via images
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| [Outside math knot theory started 1980

| ' Theorem Long strings in small boxes get knotted

| Example DNA is a long string in a tiny box (cel)) its often knotted
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DNA knots need to be undone (the body uses the moves above

before the DNA can multiply; here is why (the two parts get knotted):
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It is crucial to identify the DNA knot

c’\i:j%

&b

| 4.

| Oy
I Th

| [EX

=)

]
26 | &N
8. {3,

Figure: Duplex DNA knots produced by Escherichia coli
Topoisomerase, via Journal of Biological Chemistry 1985

For example, di cult DNA knots prevent DNA from reproducing
and you want that for things like viruses, or cancer cells
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Motivation: detect knots via images

| mirror
same?

I - Deciding whether two knot projections are the same knot is di cult

| Task Find an invariant. Sounds easy? Well, most knot invariants are pret
bad...so: nd a ‘good’ knot invariant

There was no knot invariant before 1980 that can distinguish the
above knots
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In general, the \standard invariants from algebraic topology”
(homology and friends)
are really not good for knots the

above knots
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Motivation: detect knots via images

Math
knots:

I Knots are hard for humans/machines to recognize visually

| Developing ar automated method to extract data from knot images has
impact beyond mathematics (DNA, protein folding, polymer science, ...)

| Goal Develop a CNN model for knot recognition

I Aims, explainec together with why this is feasible as we go:
| Identify the number of crossinggDone!)

I Produce planar diagram (PD) presentations for computation of invariant
e.g., Jones polynomial(On it!)
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Motivation: detect knots via images

Confusion Matrix
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Figure: Confusion matrix of o4-mini results. Average accuracy is 50%

| ChatGPT did poorly

| Although the test set was small, there was
no way to even count the number of crossings with ChatGPT
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Motivation: detect knots via images

Reminder: A confusion matrix is a generalization of:

Predicted condition

Total population

Positive (PP Negative (PN
o (PP) gative (PN)

Positive (P) True positive (TP) | False negative (FN)

Negative (N) | False positive (FP) | True negative (TN)

Actual condition

Predicted condition
Total
Cancer | Non-cancer
8+4=12 7 5

Cancer
8
Figure: cy is 50%

Non-cancer
4

1 3

Actual condition

| ChatGPT

I Although t The more diagonal this matrix is the better
no way to even count the number of crossings with ChatGPT
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Preparation: neural networks (NN) and friends
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| Task: Identify handwritten digits

I We can see this as a function in the following way:
(a) Convert the pictures into grayscale values, e.g. 228 grid of numbers

(b) Flatten this into a vector, e.g. 28 28 7! a vector with 2§ = 784 entries
(c) The output is a vector with 10 entries

(d) We thus have a functioR’8 1 R10
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