
SOAR Research Proposal – Summer 2019
Diameter Restricted Polyominoes and Optimal Network Reliability

Faculty: Nathan Shank, Associate Professor, Mathematics and Computer Science Department
Dates: June 3, 2019 - August 9, 2019 (10 weeks)
Students: Alvaro Belmonte, Junior, Mathematics Major, Graduate in Spring 2020

Rey Anaya, Sophomore, Mathematics Major, Graduate in Spring 2021.
Title: Diameter Restricted Polyominoes and Optimal Network Reliability

The Moravian College Mathematics Program recently received anNational Science Foundation Re-
search Experience for Undergraduate (NSF-REU) Sitegrant. The three year grant provides summer funding
for approximately 15 extremely talented undergraduate students from across the country to come to Mora-
vian for a 9 week research experience in mathematics concurrent with SOAR. The NSF grant is intended to
support students outside the home institution, however, if a quali�ed Moravian student can internal funding
they can participate in the program.

Participating in the program has many bene�ts to Moravian and its students. Participating in such a
program is a life-changing activity for students, Moravian students would have the opportunity to work with
some of the brightest students from across the country, life-long associations develop in these programs, and
students usually get at least one peer-reviewed publication. The program is centered around computational
and experimental mathematics (CEM) which harnesses the power of computers to help further the boundary
of mathematics. The re-emergence of the �eld has lead to some stimulating new research and we want to
prepare our students to be at the forefront of these developments.

The program engages in discipline-appropriate scholarly research by using a cohort based model where
each student is involved in two projects with 3-5 students and a faculty mentor. If funded, the SOAR stu-
dents will be in at least one of the projects below with Dr. Shank as their mentor. Each cohort is required to
give weekly presentations to the entire REU community which adds another layer of accountability, allows
students to understand many di� erent projects, and gives the students practice presenting their work. The
SOAR students will satisfy all of the requirements of SOAR including working with a Moravian faculty,
making a presentation to the SOAR community, working full time on their project, working with public
relations, making a Scholars Day presentation, and writing a �nal report.

Description of the Project
Diameter Restricted Polyominoes:A polyomino is a two dimensional geometric �gure made up of square
cells that are joined along an edge. We classify the size of the polyomino by the number of cells,n. The
classic game of Tetris is played with polyominoes of sizen = 4. Investigations into polyominoes generally
fall into two di� erent categories: tiling and counting. Tiling problems involve �nding ways to tile regions
with polyominoes and counting problems involve counting the number of possible polyomino con�gurations
based on the sizen and other restrictions.

Figure 1: Examples of a poly-
ominoes with n= 6 with diame-
ters 5, 4, and 3.

The Online Encyclopedia of Integer Sequences (OEIS) is a database
of integer sequences containing over 320,000 sequences and over 700
sequence related to polyominoes including all polyominoes (OEIS
A002212), free polyominoes (OEIS A000105), free polyominoes with
holes (OEIS A001419), and �xed polyominoes (OEIS A001168). For
small values ofn, counting polyominoes can be done by hand, however,
asn increases, the number of polyominoes increases to where hand com-
putations are di� cult if not impossible. For example, whenn = 20, there
are over630 billion polyominoes.
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In this project we want to count polyominoes of sizen with a �xed diameterd. Here diameter is mea-
sures as the maximum number of squares traversed to get from one square to another. For example, if we
are allowed to usen = 20 cells, how many polyominoes are possible if we restrict the diameter tod = 10?
Finding the relationship betweenn andd would allow us to characterize polyominoes by diameter. Whenn
is small, we can do this by hand, but asn increases, we will apply computational and experimental mathe-
matics to help generate results and formulate conjectures.

Optimal Network Reliability:In mathematics we model a network as a set of vertices and a set of edges



will develop conjectures for larger, computational di� cult, values ofn. Ultimately we would like to be able
to prove the conjecture for all values ofn, however, at a minimum we will be able to contribute several new
sequences to the OEIS.
TimeTable

Week Objective
Week 1 Finish background reading and create presentations including summary of background read-

ing and timeline.
Week 2-4





get a result of an unsolved problem and to understand why that solution actually works.  The SOAR 
experience would not only enrich my summer intellectually, but also in the fall I will begin a year long 
Honors project and my experience in SOAR will help develop my research skills.  

I am interested on both projects, so I am excited to work on both of them.  I am interested in the 
Optimal Network Reliability project because when I was studying engineering, I was, and still am, really 
interested on power distribution and networks. Hence, I
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