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Research Statement of Anastasiia Tsvietkova  
 
My main area of interest is low-dimensional topology and geometry. Many topics overlap with various 

questions in computational topology, classical knot theory, quantum topology, and differential geometry. I 
have been involved in various projects, but I will focus here on two broad programs aiming to advance our 
understanding of 3-manifolds with finite hyperbolic or simplicial volume.  

The first program aims to shed light on long-standing questions about intrinsic geometry and topology of 
3-manifolds. The Geometrization Conjecture, suggested by Thurston and proved in 2003 by Perelman, clarified 
the relationship between the geometry and topology of 3-manifolds on a global scale, i.e. a topological type of 
a manifold could now be "matched" with the geometry the manifold has. However, on a local scale, connections 
between geometry and topology of 3-manifolds are not well understood. There is a wealth of open questions 
concerning embedded arcs and surfaces, their length, area, and isotopy classes, the volume of the manifold, 
and other intrinsic properties. The results of this nature were obtained by co-authors and me in [ThiTsv, Tsv1, 
Tsv2, Tsv3, DasTsv1, DasTsv2, HassThoTsv1, HassThoTsv2, HassThoTsv3, LackTsv, PurTsv1, PurTsv2].  

The aim of the second program is to use the obtained insight for establishing further connections between 
geometric invariants of 3-manifolds and the invariants from other areas of mathematics. These areas include 
quantum topology (work in this direction was done by Dasbach and me [DasTsv1, DasTsv2]), number theory 
(as in our paper with Neumann [NeumTsv]), algebraic geometry (we are working on this jointly with Petersen 
[PeTsv]), algorithmic complexity theory (as in our papers [KoTsv1, KoTsv2] with Koenig), combinatorics (as 
in our preprint [OwadTsv]), and computable analysis (work in progress with Gilman [GilTsv]). Below is a 
brief overview of some of the main research topics comprising the above programs.  

Some projects below concern link complements or hyperbolic 3-manifolds. This however should not be 
seen as a restriction of scope in the study of finite volume 3-manifolds. A 3-manifold may be closed or cusped, 
and in both cases, it can be associated to a link complement. Any closed, orientable 3-manifold is obtained by 
Dehn filling the complement of a link in a 3-sphere [Lic, Wal]. Any cusped 3-manifold can be transformed 
into a manifold with toric boundary, i.e. with the boundary that is a (thickened) link in an arbitrary 3-manifold. 
Therefore, from a topological viewpoint, studying link complements is often a gateway to studying all 3-
manifolds. From the geometric perspective, recall that there are eight Thurston's geometries that a 3-manifold 
or a piece of a 3-manifold after a certain decomposition can have. Seven of these geometries are well-
understood, and the eighth geometry is the hyperbolic one. The hyperbolic metric is unique as long as it is 
complete for a 3-manifold [Mostow, Prasad, Weil], and there are numerous associated invariants. Historically, 
properties of hyperbolic 3-manifolds gave rise to some of the hardest open questions about 3-manifolds.  

The programs include substantial theoretical topology and geometry and impinge on important problems 
in the theory. However, they also include possibilities for the study of interesting special cases. Many notions 
are a source for beautiful visualizations, and there is a computational component in some of the projects. This 
makes the research suitable for study by students and junior researchers. I discuss my work with students and 
postdocs in the respective section below. 

 

Embedded surfaces in 3-manifolds. One branch of my recent work studies embedded essential surfaces in 3-
manifolds. They play essential role in 3-manifold topology, e.g. in recently proven Virtual Haken Conjecture 
[Agol]. More generally, submanifolds of co-dimension one are central in low-dimensional topology. For 
example, for 4-manifolds, a study of trisections was initiated by Gay and Kirby [GK]. For 2-manifolds, the 
number of curves and multicurves embedded in a surface was studied by Mirzakani [Mir]. A similar problem 
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for 3-manifolds, i.e. the number of embedded surfaces, is a long-standing question. While there exist 
computerized algorithms performing a count for a fixed 3-manifold that satisfies some restrictions, the 
algorithms are of exponential complexity, and do not yield universal expressions for classes of 3-manifolds. 
More generally, exponential bounds on the number of surfaces were previously known, yielded by normal 
surface theory [Haken] or by subgroup count as in Masters [Mast], and Kahn and Markovic [KM]. More 
recently, quasi-polynomial bounds were given for a broad class of hyperbolic 3-manifolds [DGR]. However, 
all these bounds are not universal in the sense that each bound depends on the particular 3-manifold, i.e. an 
unknown constant/parameter depending on the 3-manifold is involved.  

In paper [HTT1] with Hass and Thompson, we give the first universal and polynomial upper bound on the 
number of such closed surfaces. The bound is for alternating link complements in 3-sphere and their Dehn 
fillings, in terms of crossing number of links. In subsequent paper [HTT2], we bound the number of surfaces 
with boundary (including, for example, Seifert surfaces). These surprising results gave intuition for a far more 
general setting, outlined below.  

We are now preparing two more preprints with polynomial universal bounds. The first one, joint with 
Purcell, is for weakly generalized alternating links [PuTsv2]. This class of cusped 3-manifolds includes but 
also goes beyond classical link complements, encompassing, for example, virtual links, toroidally alternating 
links, and link complements in other 3-manifolds. The bound is in terms of the link crossing number when the 
link (corresponding to the 3-manifold cusps) is projected to any embedded orientable surface. 

The second preprint, joint with Lackenby, gives upper bound for the number of surfaces in any finite 
volume hyperbolic 3-manifold, closed or cusped [LackTsv]. This bound is polynomial in terms of the 
hyperbolic volume, thus providing an unexpected connection between intrinsic topology (embedded surfaces) 
and geometry (volume) of the 3-manifold. There previously were no universal bounds of such generality for 
3-manifolds, and moreover no such polynomial bounds.  

While our intuition for both projects came from our previous papers with Hass and Thomson [HTT1, 
HTT2], the proof methods for the above two results are very different. For weakly generalized alternating 
links, we generalized standard position and some of related Menasco’s results to many cusped 3-manifolds. 
This became a separate 27-page preprint, joint with Purcell [PurTsv1]. Then we used geometric and 
combinatorial arguments to prove the bound. With Lackenby [LackTsv], we rather used stable minimal 
surfaces and Schoen’s results about curvature, thick geodesic triangulations following Breslin, and other 
techniques from differential geometry to prove the bound. Both preprints [PurTsv2, LackTsv] are now in the 
final stages of preparation and can be provided upon request. 

 

Complexity of topological problems. One of the recent topics in my research lies on the interface of low-
dimensional topology and algorithmic complexity theory, which is a subfield of theoretical computer science. 
Many problems that lie at the heart of low-dimensional geometry, topology, or classical knot theory can be 
formulated as decision problems, with an algorithm being a solution. Among them, there are a lot of questions 
with an easy formulation, but a hard (often unknown) solution. Despite the intuitive feeling that these problems 
are ``hard", and a significant interest in their algorithmic complexity (see [Lack1, Lack3]), only a few lower 
bounds on their complexity were known until recently [AHT, Lack2]. In [KoTsv1, KoTsv2], together with 
Koenig (I was his postdoctoral supervisor at OIST), we proved that some of the oldest and most well-known 
problems in knot theory are NP-hard: unlinking, unknotting and splitting by crossing changes; link 
equivalence, in particular by Reidemeister moves, and unlinking by these moves; questions concerning 
alternating links. Soon after we posted the first preprint, further work resolving one of our conjectures 
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(unknotting by Reidemeister moves) and building up on these techniques towards problems for links in 4-
dimensional space appeared in [DRST]. I am now also working on other related questions with a PhD student 
I advise at Rutgers. 

The interest in such results is natural for topologists, but goes beyond topology. Indeed, low-dimensional 
topology and knot theory turn out to be a rich source of examples for computational complexity theory, where 
many basic questions are still not resolved, for example whether P=NP. In the past, some facts were established 
through finding a particularly insightful example, e.g. Cook-Levin theorem. Perhaps due to this our work was 
well-received both in mathematics community, appearing in Transactions of American Math. Soc., and in 
Computer Science community, appearing in SODA proceedings (according to Wikipedia, it is one of the top 
computer science conferences for research in algorithms, with all submissions being peer-reviewed and only 
some selected). 

 

Hyperbolic structures from link diagrams. Even though the geometric structure of a manifold can be 
calculated (e.g. by SnapPea [Weeks]), it is hard to relate it to topological and combinatorial descriptions of the 
manifold. In joint work with Thistlethwaite [ThiTsv, Tsv1], we made progress in that direction by suggesting 
a new method for computing hyperbolic structures of links. The calculations can be done by hand in many 
cases, and general observations about the geometric structure of a link can often be made from its diagram. 
The method works for any hyperbolic link once there is a suitable link diagram. This can be compared with 
the classical method for computing hyperbolic structure through gluing equations by Thurston and Weeks 
[Thu, Weeks], which also works only in the presence of a suitable triangulation. Together with Thislethwaie, 
we proved that, for example, any reduced alternating diagram is suitable for the method [ThisTsv]. Our study 
of suitable diagrams also stimulated further work on quasi-Fuchsian surfaces [FKP]. 

The method later helped me and co-authors to generate data, formulate new conjectures, and establish 
results about intrinsic geometry and topology of links in [NeumTsv, ThiTsv, Tsv2, Tsv3]. Our observations 
also found way into the work of other mathematicians, including the work by Flint [Flint], the above mentioned 
work by Futer, Kalfagianni, Purcell [FKP], work by Garoufalidis, Moffatt and D. Thurston [GMT], by Howie 
and Purcell [HP], by H. Kim, S. Kim, and Yoon [KKS], by Lackenby and Purcell [LackPu], by Sakuma and 
Yokota [SakuYo], by Gan [Gan], etc. With Neumann, we suggested an idea of generalizing the method to 
other cusped 3-manifold, beyond links. Another generalization, to character and representation variety, joint 
with Petersen [PeTsv], is discussed below. I wrote software several years ago that allows to compute the 
complete hyperbolic structure using this method for many families of links [TsvSo]. We are now reworking it 
into a more general, and more user-friendly package that can work with SnapPy [KoLoTsv].  

While this is useful as a computational approach, the method can also be used in theoretical proofs, since it 
often allows to make observations for infinite families of links with similar diagrams simultaneously. I used it 
in my paper [Tsv2] to give a general formula for the equation for any hyperbolic 2-bridge link (this is an infinite 
family of links) such that one of its roots yields the exact hyperbolic volume of the link. The equation depended 
only on the number of crossings in a reduced link diagram.   

Another application of the method resulted in our joint paper with Neuman [NeumanTsv]. For two 
hyperbolic 3-manifolds, commensurability is equivalent to the existence of a common finite-sheeted cover. An 
idea motivating a study of manifolds from a number-theoretic point of view is to classify manifolds up to 
commensurability. For this, a number field called the invariant trace field is used. Neumann and Reid raised 
the question about a relation of this field with intrinsic geometry of a 3-manifold [NeumReid]. With Neumann, 
we provided a new such relation. It enables us to compute the field exactly and in an efficient way. This was 
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later used, for example, in the work of Flint [Flint] to study the commensurability classes of fully augmented 
links. Additionally, our results suggest a new perspective on the long-standing question: whether every number 
field is an invariant trace field of a 3-manifold. It can now be reformulated as a question about the length of 
arcs in a 3-manifold. 

 

Character variety of a hyperbolic knot. Another topic of my recent research is interplay between topology and 
algebraic geometry, through the study of representation and character varieties of 3-manifolds. The study of 
character varieties is fruitful and rich even for small classes of manifolds, and is one of the main subjects in 
algebraic geometry. Varieties of hyperbolic 3-manifolds, and link complements in particular are a subject of 
active research following the pioneering work of Cooper, Culler, Long, Shalen, and others [CS, CCGLS]. 
However to compute the variety of a 3-manifold is still difficult. Several methods that compute the equations 
for the variety on a case-by-case basis, i.e. for a particular 3-manifold, are known. Our prior work with 
Thistlethwaite [ThiTsv] allows to compute parabolic representations of any hyperbolic link algorithmically. 
Beyond the parabolic case, the canonical component of the variety can be calculated algorithmically for a 
particular 3-manifold given its triangulation, as, for example, in [GGZ]. However there is no general algorithm 
that produces a suitable triangulation, and only computerized heuristic approaches to this exist, as in software 
SnapPea by Weeks [Weeks].  

In our 50-page preprint with Petersen [PeTsv], we developed a new simple method for computing varieties 
of knots directly from knot diagrams. This is the first algorithm that does not involve triangulation or any 
decomposition, unlike the existing approaches. Some of the ideas go back to our prior work with Thistlethwaite 
[ThiTsv], but are now much more general. The preprint is in final stages of preparation, and can be provided 
upon request. 

Our method leads to a wealth of applications, since theoretical results in this area are often informed by 
computational techniques. Among them is establishing new relations between topology of knots and topology 
of their varieties, giving efficient formulas for varieties of infinite families of links, and attacking questions 
related to efficient computation of A-polynomial and studying its properties, as well as Chern-Simons 
invariant. The A-polynomial is a strong invariant of a knot [CCGLS], containing a significant amount of 
topological and geometric information. 

Once the preprint is submitted, we also plan to involve students into implementing the method in a software 
that could be used together with SnapPy [SnappPy], building on the software package created by Koenig, 
Lowen and me [KoLoTsv]. 

 

Geometry and quantum invariants. The discovery of Jones polynomial by Vaughan Jones stimulated a 
development of a new field of study, motivated by physics: quantum invariants of links. Since then, there has 
been a strong interest in relating these invariants to the intrinsic geometry of a link complement. It is reflected 
in the Volume Conjecture [Hitoshi, Kashaev], which claims that the hyperbolic volume of a link complement 
in 3-sphere is determined by the colored Jones polynomial.  

In the spirit of the conjecture, bounds for hyperbolic volume in terms of the first and last two polynomial 
coefficients were established by various authors for different classes of links. However these two coefficients 
do not change from color to color: they are the same as in the classical Jones polynomial. In joint paper with 
Dasbach [DasTsv1], we showed that not just two, but three coefficients correlate, for the first time 
demonstrating that having a colored Jones polynomial is crucial.  

We sought to generalize our results beyond alternating and beyond hyperbolic links in another joint paper 
[DasTsv2], where we used simplicial volume (a generalization of the hyperbolic volume). There, we provided 
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a refined upper bound for volume, hyperbolic and simplicial, of an arbitrary link in terms of its diagrammatic 
characteristics. The bound often gives better results than a similar bound established earlier by Lackenby, Agol 
and D. Thurston [AgolLacThu], as well as some other earlier bounds. As a part of our paper [DasTsv2], we 
also generalized a commonly used property of volume being preserved under homeomorphism in the presence 
of an embedded 3-puncture sphere. It was originally established oby Adams [Ad2] for hyperbolic link 
complements, and we used JSJ decomposition to provide proof for any links in 3-sphere.  

Our two papers with Dasbach have been cited in a range of papers across different topics, including, for 
example, work on weaving knots by Champanekar, Koffman and Purcell [ChKPur], on generalized augmented 
alternating links by Adams [Ad3], on colored Jones polynomial by Dasbach and Armond [ArDas], on links in 
surfaces by Kalfagianni and Purcell [KaPur], and in some books, including, for example Encyclopedia of Knot 
Theory [Enc]. 
 

Geometry of topological arcs and surfaces. Given an arc with a topological description in a 3-manifold, it is 
hard to determine any geometric information for it. The geometric study of such arcs was started in 1995 by 
Sakuma and Weeks [SakuWeeks], and by Adams [Adams]. A crossing arc is a cusp-to-cusp arc running from 
an overpass to an underpass of a crossing of a link diagram. Sakuma and Weeks conjectured that every crossing 
arc is isotopic to a geodesic in an alternating link. In my paper [Tsv3], I proved this for a new infinite family 
of closed alternating braids and provided sufficient conditions for the conjecture to hold for other links. Despite 
the mounting empirical evidence, my work was the first progress beyond the original paper by Sakuma and 
Weeks and the family of 2-bridge links considered by Gueritad and Futer [GueFu].  

A highly useful decomposition of a hyperbolic 3-manifold is a triangulation where all edges are ideal cusp-
to-cusp hyperbolic geodesics, up to isotopy. There is no algorithm for finding such a triangulation for a given 
cusped 3-manifold. I also proved in paper [Tsv3] that crossing arcs in that family of braids are the arcs of an 
ideal geodesic triangulation.  

I am currently working on other conjectures concerning geometry of embedded arcs and surfaces in wide 
families of links: a stronger version of Sakuma-Weeks conjecture, a conjecture by Menasco and Reid stating 
there is no closed embedded totally geodesic surface in a hyperbolic knot, and the conjecture of Finkelstein 
and Moriah that concerns a presence of a special geometric arc, called accidental parabolic, in closed surfaces 
embedded in a link complement. Despite that these conjectures were open since at least 1990’s, there has not 
been much progress on them previously. This work is funded by my NSF grants. While I am interested in these 
questions in a general setting, a graduate student I supervise is working on a special case, where some proofs 
might be easier: a certain infinite family of closed braids. 

 

Knot theory and combinatorics. A recent preprint [OwTsv], joint with Owad (who was also a postdoc I 
supervised at OIST) uses a blend of techniques from combinatorics and knot theory to provide a new random 
model of links, and study some properties of links in this model. Lately, there has been an increased interest in 
using probabilistic and combinatorial methods in low-dimensional geometry and topology. A number of 
models for 3-manifolds and links appeared, and were used to study their topological properties and various 
invariants. For our model, we use meander diagrams: they consist of a pair of curves in the plane, where one 
curve assumed to be a straight line and the other one ``meanders'' over it. We generalize it to obtain not only 
all knots, but also all links. 

The first important question about any random link model is whether it produces non-trivial links with high 
probability. We prove that unlinks appear with vanishing probability, no link L is obtained with probability 1, 
and there is a lower bound for the number of non-isotopic knots obtained on every step. Then we give expected 
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twist number of a diagram, and bound expected hyperbolic and simplicial volume of links.  
Meander diagrams correspond to matching pairs of parentheses, a well-studied problem in combinatorics. 

Hence tools from combinatorics can be used to investigate properties of links. Moreover, topological and 
diagrammatic properties of random meander links translate into combinatorial identities, and can be 
investigated using tools from combinatorics. For example, the number of random meander diagrams has a 
simple formula in terms of Catalan numbers. To prove that unlinks are rare, we use Poincare's theorem about 
recurrence relations, and Zeilberg's algorithm that finds a polynomial recurrence for hypergeometric identities. 
Finding mathematical expectation for volume of a link complement involves summing Narayana numbers, 
another well-known series. This is perhaps an unexpected way to look at knot theory problems. 
 

Some other recent projects. The above sections mostly describe some of the recurring topics in my research. 
Here are a few words about other recent projects.  

Prime tangle decompositions were suggested by Kirby and Lickorish [KirLick], and are related to 
classification of essential genus-two surfaces embedded in a link complement. In a recent joint paper with Hass 
and Thompson [HassThomTsv3], we make further progress towards classifying them in alternating links. 
Despite previous results by Menasco [Men] and Thislethwaite [This], the following question was open. Given 
a prime alternating link, when can it be decomposed into two prime tangles each of which is alternating? We 
show that if such a decomposition exists, then either it is visible in an alternating link diagram or the link is of 
a particular form, which we call a pseudo-Montesinos link. The visibility of a prime alternating tangle 
decomposition that we proved (and of the genus-2 surfaces that yield an essential 4-punctured sphere after 
meridianal compressions) aligns with well-known results of Menasco, who noted that some of the basic 
topological properties of alternating links can be seen directly in reduced alternating link diagrams [Men]. 
Among them is the property of a link being non-split (and respectively the presence of an essential genus-0 
surface in the link complement), and the property of being prime (and the presence of an essential genus-1 
surface). 

With Purcell, we also extended some of Menasco’s results and techniques [Men] to weakly generalized 
alternating links in preprint [PuTsv1]: that is, links alternating on some surface (not necessarily a projection 
plane or 2-sphere, as in classical case in Menasco’s work) embedded in some 3-manifold (not necessarily in a 
3-sphere, as in classical case). We showed that an embedded surface in a weakly generalized alternating link 
can be put in standard position with many properties that are similar to properties in the classical case. We 
used this to prove that all such generalized links are prime if their link diagrams are prime. We also showed 
that essential Conway spheres embedded in such 3-manifolds result into a certain pattern of curves of 
intersection with the projection surface, similarly to curves in a classical case. For classical case of alternating 
links in 3-sphere, Menasco’s results had wide-ranging applications, and this work had a lasting influence on 
knot theory. We expect that our results beyond classical case will also find many uses. 

Another preprint in preparation [GilTsv], joint with Gilman, considers problems not only from geometry 
and topology, but also from group theory. We discuss the suitable computation models from theoretical 
computer science for studying their decidability and complexity. Unlike the problems for which I studied 
computational complexity before, these ones have not discrete, but real input, which changes the computer 
science component considerably, and moves our study from the area of computational complexity theory to 
the area of computable analysis.  

 

Work with students and postdocs. Since I completed my PhD in 2012, I have served as a faculty mentor to 
twenty-eight students and postdocs: there were twelve postdocs, ten graduate students, and six undergraduate 
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students among them. Five postdocs were working in my area of research, and I was a research and career 
mentor for them at OIST, for two years each. The other seven postdocs worked in a variety of research areas, 
and I was their faculty mentor and contact at the Institute of Advanced Study, Princeton, through my position 
of Von Neumann Fellow for a year. We discussed both our research and related topics such as grant 
applications, paper submission timelines, work-life balance, etc. For some of the graduate students, I have been 
a PhD thesis advisor (currently I advise two PhD theses at Rutgers-Newark, both in progress), while some 
others were working with me during a semester or a year. For example, our new software for computing 
hyperbolic structures [KoLoTsv] was started jointly with me and postdoc Dale Koenig at OIST, and was 
completed later by me and PhD student Alex Lowen at Rutgers. Such projects are meaningful both for me and 
for students, since they allow us to intertwine topology and geometry research, learning and reading by the 
students, and improving their coding skills, which can later be useful for students in a variety of situations. All 
six undergraduate students I supervised undertook some reading and research projects in low-dimensional 
topology. For example, an undergraduate student, Ruying Bao, was doing computational topology reading and 
research project with me for a year and a half, until she was admitted to Princeton graduate school in Applied 
Mathematics.  

The abundance of students and postdocs is not a particular feature of my position at Rutgers-Newark, as 
we are a relatively small research department, with under 15 graduate students enrolled. Rather, throughout 
my career, I have been looking for and welcoming opportunities to work with junior mathematicians, and later 
maintaining contact with them. I started doing research projects with students when I came to LSU as an NSF 
VIGRE (Vertical Integration of Research and Education) postdoc after completing my PhD. Later I continued 
supervising semester and year-long research projects in my temporary position of Krener Assistant Professor 
at UC Davis. I also volunteered to hold informal reading seminars for students interested in low-dimensional 
topology throughout the years.  

Later, I took temporary leaves from my tenure-track position at Rutgers to work at OIST, a research 
institute in Japan, and at IAS in Princeton. Both these institutes have a high number of junior mathematicians. 
At OIST, I was encouraged to attract international postdocs and students in my area of research from outside 
the institute. I gathered a dynamic group of young mathematicians, who arrived from MIT, UC Davis, 
University of Warwick, Northeastern University, University College London, and University of Nebraska. One 
of the postdocs who came to work with me, Dale Koenig, was a student from my reading seminar at UC Davis. 
We later wrote two joint papers [KoTsv1, KoTsv2]. Another postdoc, Nicholas Owad, came to work with me 
at OIST after we met at conference, where he attended a talk I gave. Our later joint work is described above 
[OwadTsv]. One of the graduate students with whom I started working at OIST, Touseef Haider, moved with 
me from Japan to Rutgers, and I now advise his PhD thesis. 

I also have a strong interest in broadening participation in mathematics by students from underrepresented 
groups. At Rutgers-Newark, I participate as a faculty mentor in NSF-funded Garden State LS Alliance for 
Minority Participation, where we involve minority students in small research and reading projects. I 
volunteered as a faculty mentor through the Association of Women in Mathematics mentoring network, where 
the student I worked with sought mentorship when reentering profession after extended care leave. I 
participated as a panelist, co-organizer or speaker in various events aimed to support junior mathematicians 
and computer scientists from underrepresented groups, e.g. IAS Women in Math, AWM events, USTARS, etc. 
A third of students and postdocs I supervised were from groups underrepresented in mathematics.  

In addition to working with university students and postdocs, I co-organized events for high school students 
interested in math: California Summer School for Math and Science at UC Davis (I also taught in it; many 
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students were selected from poorer areas, where public schools provided limited opportunities), Math 
Olympiads in Ukraine, UT Pro2Serve Math Contest at the University of Tennessee (this included many special 
arrangements, e.g. for a team of students with disabilities). 

 

Teaching and incorporating research activities in education. I have an extensive teaching experience, with 
courses ranging from basic math preparation for undergraduates, to applied courses for non-math majors, to 
advanced and tailored courses for math majors, and to graduate courses in my area of study. I have taught my 
first independent courses (i.e. not as a TA) in Spring and Fall of 2008, and since then I have been teaching 
almost continuously, with the exception of a few research leaves, at the University of Tennessee, Louisiana 
State University, OIST, Japan, and Rutgers, Newark. This includes both small and large groups (up to 150 
students). The courses are listed in my CV. 

I work hard to make the content of every course easily accessible to the students, and encourage students 
to approach me with their questions and difficulties. When possible, I stimulate students’ curiosity with group 
work, simple research-related activities, bits of math history, and some humorous and applied problems. For 
example, a year ago I created and taught an interdisciplinary graduate course at Rutgers-Newark, on the 
intersection of low-dimensional topology and theoretical computer science, including the subareas of 
algorithmic complexity theory and computable analysis. I had a small (as is common for graduate courses at 
Rutgers Newark) but diverse group of students, including not just mathematicians and computer scientists, but 
also data scientists. Later one of the graduate students from this course approached me for a short-term research 
project, and it resulted in the software [KoLoTsv]. This semester, I taught Real Analysis II at Rutgers Newark. 
While discussing the topology of real line, I showed topological objects and problems that go beyond the scope 
of the course. It was well-received, and one of the top students asked to start a research project with my 
guidance. A semester prior to that, I taught a large lecture of Applied Calculus, which is the last mathematics 
course for business majors here at Rutgers Newark. I showed 3D visualizations when we talked about surfaces 
of revolution, and used fun problems to help students with the lecture material (everyone’s favorite was a 
sequence of problems about Harry Potter, who, after graduating from Hogwarts and Rutgers, started his own 
business). Towards the end of the semester, four students told me that they plan to change their majors to more 
mathematically oriented ones, and would like to take more Calculus, since they enjoyed our course. This was 
a rewarding experience. 

Recent evaluations from my courses can be found on my website, under “Teaching”. 
In addition to teaching, I participated in committees developing undergraduate course curricula at Rutgers 

(for example, we recently developed and started running a new History of Mathematics course), developed 
new graduate course curricula in math at OIST, and supervised teaching by postdocs at OIST. 
 

Service and other research-related activities. While being a postdoc at UC Davis, I co-organized an 
international conference in low-dimensional topology at UC Berkeley (“Joelfest”). This experience came 
handy during my position at OIST, Japan. The position came with research funding from Japanese government, 
which allowed me to fund and organize international events in my field of study. We held a conference with 
about a hundred researchers and students coming from outside of Okinawa, and two mini-symposia with about 
twenty external participants each. I offered postdocs in our research group to co-organize these events, since 
this can be a valuable experience. I was also regularly hosting colleagues and students outside of these events.  

After coming back to Rutgers, I submitted NSF CAREER proposal that, in addition to research, included 
similar activities. The proposal was approved and will fund two international research workshops in the next 
three years, at Rutgers, Newark. The workshops will highlight interactions of geometry and topology of 3-



Research Statement, A. Tsvietkova, 2022  

9 
 

manifolds with (1) algebraic geometry (the first workshop), and (2) theoretical computer science (the second 
workshop). In all events I organize, extensive funding goes towards supporting junior mathematicians, and 
mathematicians from underrepresented groups.  

I also was a co-organizer of multiple AMS sessions, colloquia, and seminar series in the past. Starting Fall 
2020, I will also chair Distinguished Lectures in low-dimensional geometry and topology at Rutgers Newark, 
also sponsored by the NSF CAREER grant. One of the goals of the lectures is to introduce current topics in 
this research area to broader audience of scientists working in different areas of mathematics, physics, 
computer science, data science, etc. Another goal is to highlight significant contributions to this area of research 
by members of underrepresented groups. Yet another aim is to further enrich research life of our graduate 
students and department by inviting external speakers, as our number of research faculty at Rutgers-Newark is 
relatively small (under twenty in mathematics and computer science). 

My other service activity related to research was included initiating and planning a Distinguished Visiting 
Faculty Program at OIST. Such program did not exist when I arrived there, and required a detailed proposal 
that I wrote. A visiting faculty member was offered funding not only for his own stay, but also for organizing 
a conference at OIST, and hosting visitors and students. The first visiting faculty member (Andrew Lobb, 
working in low-dimensional topology) arrived after my two years at OIST had ended, but I was glad that low-
dimensional topology community continued attending international conferences and producing work supported 
by this position and the associated funding. The faculty visiting program is still ongoing, with new scientists 
being hired. 

I also refereed for various mathematics journals and computer science conferences (listed in my CV), 
served on NSF panels, participated on various committees at Rutgers and OIST (e.g. hiring committees at 
Rutgers and OIST, or workshop committee that allocated conference funding at OIST, or library committees 
at Rutgers and OIST, etc.). Additional service duties related to students, teaching, and broadening participation 
in mathematics are mentioned in the previous sections. 
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