


Motivation: detect knots via images

I Knot = closed string (a circleS1) in three spaces; link = multiple components

I Knots are studied by projections to the planeShadows

I In math knot theory started in the early 20th century

Enzymes cut DNA knots

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):

It is crucial to identify the DNA knot

For example, di�cult DNA knots prevent DNA from reproducing
and you want that for things like viruses, or cancer cells

Even the unknotting problem is tricky

In general, the \standard invariants from algebraic topology"
(homology and friends)

are really not good for knots

Reminder: A confusion matrix is a generalization of:

The more diagonal this matrix is the better
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Motivation: detect knots via images

mirror ��!
same?

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

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

I Example There was no knot invariant before 1980 that can distinguish the
above knots
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Motivation: detect knots via images

Math
knots:

DNA
knots:

I Knots are hard for humans/machines to recognize visually

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

I Goal Develop a CNN model for knot recognition

I Aims, explainedtogether with why this is feasible as we go:
I Identify the number of crossings.(Done!)

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

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

I ChatGPT did poorly

I Although the test set was small, there was
no way to even count the number of crossings with ChatGPT
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Preparation: neural networks (NN) and friends

I 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. 28� 28 grid of numbers

(b) Flatten this into a vector, e.g. 28� 28 7! a vector with 282 = 784 entries

(c) The output is a vector with 10 entries

(d) We thus have a functionR784 ! R10

Key: Approximations to hard problems

NN are really good in �nding approximate answers
for di�cult problems such as traveling salesperson (TSP)

Vanilla NN (multilayer perceptron)

When you read about NN, people almost always mean vanilla NN
Modern research usually uses beefed-up architectures

We see one, a convolutional NN (CNN) on the next slide

Idea (kernel, �lter, etc.)

In image processing, a kernel, convolution matrix, or mask is a
small matrix used for blurring, sharpening, embossing, edge detection, and more
This is accomplished by doing a convolution between the kernel and an image
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