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SageMath: an open source mathematics software

www.sagemath.org/
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Basic and Advanced Mathematics with SageMath!

Download it at:

I sagemath.org/download.html

or use it online at:

I sagecell.sagemath.org

I cocalc.com
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Knots & Links classes on SageMath

https://doc.sagemath.org/html/en/reference/knots/sage/knots/link.html
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Knots and Links

Knots: embeddings of S1 ↪→ S3

up to ambient isotopy.

Often studied through their
diagrams.

Links are disjoint unions of knots.

Question: How to tell whether or
not two knots are different?

Invariant :

“Knots” −→ “something algebraic”

such that if two knots have
different images, then they are

distinct.
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Distinguish Knots

Knot theory’s main goal: distinguish and classify knots.

I Crossing number of K :
minimum number of crossings
in a diagram of K

I Knot polynomials:
computed using skein
relations
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Distinguish Knots

Knot theory’s main goal: distinguish and classify knots.

I Crossing number of K :
minimum number of crossings
in a diagram of K

I Knot polynomials:
computed using skein
relations:

Alexander Polynomial:

I Normalisation on the trivial knot
∆©(t) = 1

I ∆L+ (t) − ∆L− (t) =(
t

1
2 − t− 1

2

)
∆L0 (t)
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Operation on Knots.

Connected sum:

Take a disjoint diagram of K1 and K2.

Agnese Barbensi Knots and SageMath 8



Operation on Knots.

Connected sum:

Select an arc from each diagram.
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Operation on Knots.

Connected sum:

Remove the arcs and join them as shown.
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More on knot invariants

I Integer valued invariants:
crossing number, determinant,
signature...

I Knot polynomials:
Alexander, Jones, Kauffman,
HOMFLY...

I Knot homologies:
Khovanov, Knot Floer...

Most of these are computable on
SageMath
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Knots initialization

As braids (Markov’s Theorem)
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Knots initialization

As braids (Markov’s Theorem)

Agnese Barbensi Knots and SageMath 18



Knots initialization

Using the Oriented Gauss Code
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Knots initialization

Using the Oriented Gauss Code
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Let’s see it on SageMath...
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Real life applications:

I Biology: DNA topology,
protein entanglement,
clustering in Bio-informatics..

I Physics: vortices, solar
flares...
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And now a few exercises!
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Thanks for the attention!!

Agnese Barbensi Knots and SageMath 24


