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Project summary:
Knots are considered one of the first tools of humankind, and have been used in many

different areas such as for making clothes, for sailing and fishing, for construction, in arts
and craft and in medicine. In particular, surgical knots have a rich history in medicine and
the development of their usage throughout the centuries has been well-documented. Learning
how to make knots of varying complexities is part of the education of surgeons as their usage
is an important necessity in surgeries.

Mathematicians have also investigated knots since the 18th century, especially in the area
of topology. Recently, mathematical knots have also been studied by computer scientists,
who develop algorithms to determine the similarity of different knots.

In this project, we will compare the complexity of knots from two viewpoints: a math-
ematical one and a historical and anthropological one, using the example of surgical knots.
We will try to find alignments between the results from these two areas. In particular, we will
define measures for the complexity and classification of knots that would be valid for “both
worlds”. We will use algorithms to classify the knots according to the defined criteria and
determine whether the classifications coincide.

The research conducted in this project will start to establish the link between the historical
development of surgical knots w.r.t. their structure and the complexity of their mathematical
representation. The ultimate goal is to develop a phylogeny of known surgical knots. On the
one hand, this will contribute to the development of algorithmic techniques for classifying
mathematical knot diagrams. On the other hand, this leads to a better understanding of the
variety of existing surgical knots and enhances various approaches in the education of knot-
making. Furthermore, the systematic data- and computation-intensive research might lead
to design of brand new surgical knots better suitable in real-life robotic surgeries, e.g., better
one-handed-robot knots, simpler multi-handed-robot knots, faster and simpler knot-making
techniques.

Especially for the data science community, we create an extensive benchmark library/
dataset of surgical knot diagrams in different dimensions and projections. Next to the dataset,
we create a repository of algorithms visualizing and comparing the knot diagrams, animating
optimal knot construction with one or multiple hands, designing evolution trees/ networks of
knots.
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Requirements:
Applicant should have a degree in mathematics, computer science, operations research or
a related area. He/she should be open minded and willing to work on a multidisciplinary
project that involves discussions with colleagues and using research methodologies from other
disciplines, e.g., medicine, health science, history and anthropology.
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