
Math 26:645:623:01, Spring 2020 
 

Course title: Geometry, topology and complexity of 3-manifolds  
 
Synopsis. Topology and geometry has many problems with an easy formulation, but a hard solution. Despite 
the intuitive feeling that these problems are "hard", lower or upper bounds on algorithmic complexity are 
known only for a few of them. The interest in such bounds is natural for topologists, but goes beyond 
topology, since this is a rich source of examples for computational complexity theory. In the past, some facts 
in the complexity theory were established through finding a particularly insightful example (e.g. Cook-Levin 
theorem). In the course, we will first review the basics of complexity theory for problems with discrete input, 
as well open questions in this area of theoretical computer science. We will also review some basic facts 
about geometry and topology of 3-manifolds, and long-standing open questions in this area of mathematics. 
We will then discuss recent theorems and conjectures concerning algorithmic complexity of various 
problems involving 3-manifolds. 
 
Class meets: Monday, Thursday 1 - 2:30 pm in Smith 204.  
No class on February 17th and 20th. To make up, we add 10 minutes in the end of every class (so the class 
runs to 2:30 rather than 2:20 pm). 
 
Instructor: Anastasiia Tsvietkova, office: Smith Hall 323; email: a.tsviet@rutgers.edu. Please check your 
Rutgers email, as I might send some study materials.  
 
Office hours: Thursday before the class or by appointment. For an appointment, please email me at least a 
day in advance.  
 
Grades: Grades will be based in-class presentations, attendance and take-home final.  
 
Final exam: All students need to turn in the final exam. It will be in the form of a review/summary for a 
research paper you read. More detailed instructions and the list of papers will be distributed later. Final exam 
should be turned in by email not later than 3 pm on Monday, May 11th, as one easily readable pdf file. The 
subject of the email should be ``Final: Your Name”. Early submissions are encouraged. 
 
Classroom etiquette: Please come to class on time and stay the entire period. Turn off cell phones and 
refrain from working on other coursework during class. No taping, filming, or photography in class without a 
prior permission. Plagiarism is not tolerated.  
 
Presentations should be clear and well-organized, so that others understand the material and can ask 
questions. It is a good idea to prepare well in advance, so that if something is not clear, you still have time to 
read more on the topic and have preliminary discussions with me and others. Each of us will do several 
presentations over semester. You can choose one or several topics/papers below for this. You can choose one 
paper for two people, and split it, if you wish, and then choose another one. Note that papers have different 
length/difficulty: we will try to make sure that everyone did about the same by the end of semester. If you are 
not presenting, please try to print/pull up the paper/topic that is being discussed and have a look at it before 
the class. 
 
I will start by discussing: 
Basics of complexity theory (see Computer and Intractability by Garey, Johnson or P, NP, and NP-
completeness by Goldreich) 
An example of a topological problem in this context: crossing changes and unknotting number (Section 6 in 
Elementary Knot Theory by Lackenby, on arxiv) 
Proof of NP-hardness of a topological problem: unlinking, splitting numbers 
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Papers/topic to present (in no particular order): 
Cook’s Theorem (Section 2.6 in Computer and Intractability by Garey, Johnson. Use library or I have a 
copy.) 
Knottedness is in NP (https://arxiv.org/pdf/1112.0845.pdf) 
Algorithmic homeomorphism of 3-manifolds (https://arxiv.org/abs/1508.06720)  
The Computational Complexity of Knot Genus and Spanning Area (https://arxiv.org/abs/math/0205057) 
Conditionally hard problems by Lackenby (https://arxiv.org/pdf/1602.08427.pdf) 
Unbearable hardness of unknotting: focus on unknotting problems (https://arxiv.org/abs/1810.03502) 
Link crossing is NP-hard (https://arxiv.org/abs/1908.04073) 
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