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ABSTRACT
Knot mosaics are combinatorial representations of mathematical
knots. Boolean satisfiability (SAT) is an important NP-complete
problem, and SAT solvers are practical software implementations
to solve SAT problems. SAT solvers are rarely used in undergradu-
ate classes, and the learning curve for SAT is steep. For our contri-
bution, we developed a lecture and a homework assignment for un-
dergraduate students to workwith SAT formulas, to draw knot mo-
saics, and to run SAT solvers for counting knotmosaics.The assign-
ment has been developed over three semesters. The assignment in-
cludes a skeleton Python encoding with over 750 lines of Python
code and function documentation.We surveyed the students about
their experiences with and perceptions of the assignment as well
as their comments for improving the assignment. On the survey,
students overwhelmingly agreed that they learned about SAT and
knots, and the students earned high grades on the assignment,
showing that their perception of learning was true. Our future
work includes clarifying one of the assignment problems where
students struggled.

1 BACKGROUND & RELATEDWORK
A mathematical knot is an embedding of a circle in 3D space, and
a link is two or more knots. Knot mosaics [2] are arrangements of
five unique tiles (Figure 1) and their rotations such that the curves
make closed loops (Figure 2). SAT is a classic NP-complete prob-
lem. A SAT formula is a Boolean formula ϕ with Boolean variables
xi ; logical operations AND (∧), OR (∨), and NOT (¬); and paren-
theses. A SAT solver finds a single satisfying assignment, which is
an assignment of truth values such that ϕ is true. SAT solvers can
be used to count knot mosaics [3].

2 METHODS
Building on [3], we designed a SAT+Knots assignment with four
problems: (1) solve a SAT formula by hand, (2) draw knot mosaics
by hand, (3) convert between knot mosaic tuples and SAT variables
by hand, (4) use provided Python code1 to count all small knots
with several different SAT solvers (using PySAT bindings [1]). We
gave the assignment to a class in Fall 2022. Out of 25 students,
14 students consented for their data to be used in our study. Our
research questions are RQ1 Did students’ grades show that they
learned about SAT solvers and knot mosaics? RQ2 Did students
perceive that they learned about SAT solvers and knot mosaics
1https://github.com/HM0880/knot-mosaics
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Figure 1: Unique tiles Figure 2: Trefoil knot

in general? RQ3 What were students’ perceptions of this specific
SAT+Knots assignment?

3 RESULTS & FUTURE WORK
To answer RQ1, most students earned full points for every problem,
which is a proxy indicator that the students did learn. To answer
RQ2, students agreed that they learned about SAT, mathematical
knots, and knot mosaics (Table 1). To answer RQ3, free-text stu-
dent comments were mostly positive, e.g., I enjoyed problem 3. Be-
ing able to understand the transform by doing it by hand was nice
because it let me understand what the program was doing for me.
However, students struggled with understanding the deeper con-
cepts of solving a SAT formula. To address this issue, our future
work includes guiding students with a concrete example.

Table 1: Student responses to From the SAT+Knots lecture
and the SAT+Knots assignment, I learned about [Category].
In every category, there was 1 response for neutral and 0 re-
sponses for strongly disagree, disagree, or somewhat disagree.

Category Somewhat Agree Strongly
Agree Agree

Theory of SAT 7 6 0
Applications of SAT 6 4 3
Encoding a SAT formula 7 4 2
Using SAT solvers 5 7 1
Mathematical knots 3 5 5
Knot mosaics 3 5 5
SAT+Knots 6 6 1
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