Modelling economic growth with an energy-based system of
PDEs

Timothy Power’

!Dalhousie University

The aggregate Cobb-Douglas production function is a fundamental element of the renowned
Solow-Swan model in economics, offering a crucial framework for understanding the factors that
drive economic growth. In our study, we extend this model to serve as a tool for policymakers and
economists, guiding decisions that promote sustainable and inclusive development. Specifically,
we apply a one-input version of a recent generalization of the Cobb-Douglas production function,
as proposed by Smirnov and Wang, incorporating energy production as a key factor. From this,
we derive a system of partial differential equations and employ advanced mathematical
techniques to analyze the model and its broader economic implications.



A Look at Asymptotic Iteration Method (AIM) with New
Applications

Nasser Saad', Gloria Guo'

tUniversity of Prince Edward Island

We show a new look at Asymptotic Iteration Method (AIM) from the aspect of Liouville Normal
Form, and also a partial look into the closed form of the iterating process based on the initial
functions of coefficient.



The combinatorics of domino tilings

Veronika Keras'

!Dalhousie University

It has been observed by Cohn et al* that the qualitative behaviour of random domino tilings is very
sensitive to the shape of the region’s boundary and can be described by the solution to a certain
partial differential equation that can be derived from a variational principle. Depending on the
shape of the boundary, tilings may also exhibit macroscopic behaviours such as phase
transitions. In this talk, | will report on the results of my summer research on the combinatorics of
macroscopic behaviour of domino tilings.

[1] Henry Cohn, Richard Kenyon, James Propp. A variational principle for domino tilings. J. Amer.
Math Soc., 14(2): 297-346 (electronic), 2001. http://arxiv.org/abs/math/0008220



Bridging Tweets and Talents: A Study on Skill Inference from
Social Media

Andrew Hinman'

1St. Francis Xavier University

This study explores the possibility of determining an individual’s skillset through their online
interactions, focusing on the linguistic patterns exhibited by social media users across various
professional fields. Utilizing data from popular platforms, Twitter and Reddit, we investigate
whether specific communication styles could hint at a user’s professional background. This
analysis offers novel insights that could influence social media engagement strategies, such as
profession-based advertising, and provide employers with a deeper understanding of a potential
employee’s skills.

By cross-referencing the online discourse of users with their publicly available LinkedIn profiles,
we identified a diverse range of professional backgrounds encompassing both technical and
non-technical fields. Utilizing a pretrained sentence encoding DistiiBERT model, specifically the
MPNet architecture, we encoded posts and comments from these platforms. This data was then
used to train a classifier capable of categorizing speech based on professional skills.

Additionally, we conducted a comprehensive statistical analysis to identify vocabulary used
prevalently among individuals possessing certain professional skills compared to those who do
not. This allowed us to quantify some distinct linguistic markers associated with various
professional domains.

The findings of this research could have implications for automated systems in marketing and
recruitment. Specifically, this could lead to marketing and media platforms better recognizing and
engaging with users based on inferred professional skills from social media activity.



Comparing Autoencoders and Variational Autoencoders for
Anomaly Detection in Dermoscopic Images

Errol DaRocha'

1Acadia University

The early detection and diagnoses of skin abnormalities are crucial for effective treatment and
management of skin diseases. This paper explores the application of deep learning techniques
for skin tissue analysis, focusing on the detection of abnormalities from dermoscopic images.
Unsupervised learning methods like Autoencoders (AE) and Variational Autoencoders (VAE)
save resources by eliminating the need for labeled data, making them more efficient and scalable
than supervised learning. We compare the performance of AE and VAE architectures in
developing a robust model capable of distinguishing between benign and malignant skin lesions.

This study uses the HAM10000 dataset of 10,000 dermoscopic images, divided into seven
classes of benign and malignant categories. The dataset was split into benign (normal) and
malignant (anomalous) cases. We train the models to learn the features of normal data and create
output reconstructions of the images. The reconstruction error indicates how well the model
interprets image features. A logistic regression model then determines the optimal decision
boundary to classify images as benign or malignant based on their reconstruction error.

The AE and VAE models were evaluated using accuracy, F1-score, and False Negative Rate
(FNR). Minimizing FNR is crucial in healthcare as it indicates missed malignant cases. Results
show the VAE outperforms the AE, with higher accuracy and F1-score (72.50% and 71.85% vs.
69.80% and 68.74%) and lower FNR (29.80% vs. 33.60%). These findings suggest the VAE
architecture is promising for automated skin cancer detection, potentially leading to more
accurate and timely diagnoses and improved patient outcomes.



Interchange and Lax Interchange in Semigroups of Order 4

Jaclyn MacNeil'

1St. Francis Xavier University

Two associative binary operations + and * on a set S (i.e., (S, +) and (S, *) are semigroups) are
said to satisfy interchange if (a + b) * (c + d) = (a * ¢) + (b * d). Similarly, two such operations satisfy
lax interchange if the equality can be weakened to and inequality (assuming S is partially
ordered). In this talk, we give examples of (lax) interchange between semigroup operations and
give some results about how different classes of semigroups can interact via (lax) interchange.
For example, it is well known that if + and * are both monoids, then they must in fact coincide and
be commutative (the Eckmann-Hilton argument). This argument has been extended further to
cancellative and inverse semigroups (DeWolf). We investigate interchange for weaker notions of
inverse semigroups and revisit inverse semigroups by experimenting with lax interchange. There
are 3492 semigroups of order 4, of which 126 are distinct up to isomorphism or anti-isomorphism.
By studying semigroups of order 4, we are provided a wealth of examples without being
overwhelmed.



A Statistical Investigation on Opioid Prescriptions in Nova
Scotia

Edward Chisholm’

1Student

This presentation will discuss the statistical research completed this summer for Dr Chiranjeev
Sanyal of the Dalhousie College of Pharmacy and under supervisor Dr Ying Zhang of Acadia
University. This project investigated the impact of a government policy change on March 19%,
2020, allowing Pharmacists in Nova Scotia to prescribe opioids to the public, intended to relieve
strain on the health system. A dataset of all opioid prescriptions during a period before and after
the policy implementation was studied to determine effectiveness. Statistical techniques used for
this inference were interrupted time series models, bootstrapping, and regression models.



Anti-magic Fibonacci Labelings of Graphs
Reese Hatt"?
!Danielle Cox, 2Karyn McLellan

In this presentation, we will look into a wide variety of anti-magic labelings with Fibonacci numbers
on connected graphs; some graphs to note in particular are cycles, and complete graphs. Given
our found results, we will discuss more on the origins of our labeling, and prove that not just any
labeling works for certain graphs. This is joint work alongside Dr. Karyn McLellan and Dr. Danielle
Cox of MSVU.



Used Laptops for StFX Students: Investigating the Impact of
Inexpensive Technology on Student Learning and Attitudes

Cole MacDonald'2

IMath, 2Computer Science

Access to technology is increasingly essential for university students, yet disparities in access
persist. The new "Used Laptops for StFX Students Program" was initiated to address this gap by
selling used laptops to students at St. Francis Xavier University (StFX) at low cost. This
presentation will share both the program's development process and the challenges encountered,
offering valuable insights for institutions looking to implement similar initiatives.

The program emerged from a collaboration between StFX's IT Services and the StFX Students’
Union. IT Services donated used laptops, which were then refurbished by the research team, and
made available for purchase through the Students' Union convenience store. We anticipated that
demand would outstrip supply. To address this issue, students applied to the program via an
online form and the individuals who were selected to purchase a used laptop were chosen
randomly. To date, the program has received 70 applications, and 40 laptops have been
successfully distributed. Optional research surveys are administered at the start of the academic
year and at the end of each semester to assess the program’s impact on financial stress, feelings
of inclusion, well-being, and academic performance. Students not selected in the first round were
placed on a waitlist, enabling the research team to compare outcomes between groups using
t-tests. A second deployment of laptops is scheduled for next semester.

We anticipate that students receiving laptops will experience reduced financial stress, increased
inclusion and well-being, and improved academic outcomes, contributing to a more inclusive,
lower-cost learning environment.



Counting The Twist Isoclasses of The Irreducible
Representations of The Finitely-Generated, Torsion Free,
Nilpotent Group M_5

Jase Kochhar'

1Cape Breton University

This talk focuses on research in counting the twist isoclasses of the irreducible representations of
the filiform nilpotent group of maximal class 5, Ms. Counting twist isoclasses of irreducible
representations of nilpotent groups in an active area of research in algebra, due to the unique
behavior of nilpotent groups.

We will start by introducing the group Ms and defining its representation. We will then look at the
irreducible representations of Ms, and the structure and behavior of said representations.

More specifically, we look at the exceptional case when the matrices of the representation are 2N
dimensional. Matrices of these representations are usually considered to be pN dimensional for a
prime p, but in this case, since p is less than 5, the calculations for determining the irreducible
representations become much less uniform.



Real-time Sleep Stages Classification Using Deep
Convolutional Neural Networks

Ahmad Chowdhury’

1Acadia University Master's Student, Department of Computer Science Wolfville, Nova Scotia,
Canada

We compare convolutional neural networks, recurrent neural networks, and transformer modeling
for the real-time classification of REM sleep stages using data from a commercially available
smartwatch. We have also developed iPhone and Apple Watch apps that enable real-time sensor
data collection, stored for model development, and fed into an embedded iPhone app for real-time
sleep stage classification. Heart rate and acceleration measurements are aggregated into
2-minute windows for model input. The ground truth was collected using Apple's HealthKit
dataset. We started by using polysomnography data from the Cerebra Sleep Study system for the
ground truth but then demonstrated that HealthKit data is a much cheaper and comparable
alternative. We partnered with the Acadia University psychology department to conduct two sleep
studies with different participants to capture these data. First, we trained and evaluated our
deep-learning models on data from a single subject using cross-validation. Later, it was decided
that personalized models would be ideal, given that the sleep pattern tends to vary among people.
Our findings are further emphasized by the fact that the overall best performance was recorded
when using one layer of convolution with batch normalization, with the kernel size 3. This model
achieved an AUC of 0.89, a correlation of 0.594, REM accuracy of 0.81, an F1 score of 0.68, and
a True Positive Rate (TPR) of 0.823 with a True Negative Rate (TNR) of 0.82 for the dataset
derived from one subject.



Degenerate Elliptic Partial Differential Equations in Rough
Geometries

Nick Bigley'
1Cape Breton University

This talk focuses on proving the existence of weak solutions to degenerate elliptic partial
differential equations. We begin by introducing the notion of the weak formulation and consider
only the principal part of the partial differential equation associated to my thesis. | will then
introduce the basic concepts of LP(Q;w) function spaces and the degenerate Sobolev space
QH(Q) where weak solutions of our equation are members to the latter. This leads to a
discussion of the Lax-Milgram Theorem, a pivotal result in functional analysis that establishes the
existence of these solutions. Furthermore, we briefly explore a Dirichlet problem where the
conditions for the Lax-Milgram Theorem are not satisfied due to the incorporation of lower order
terms.



I-LaSer and Approximate Maximality of Formal Languages

Baxter Madore'
1Saint Mary's University

The Independent Language Server (I-LaSer) is a software program, originally built in June 2010,
which answers questions related to the satisfaction, maximality, and construction of regular formal
languages (sets of strings which can be represented by regular expressions). | discuss the
creation of the sixth version of I-LaSer, particularly the additional features and motivations for
including them.

Of particular note is the approximate maximality function, which provides a way to find if a
language is close to being maximal, without testing for full maximality, which is a PSPACE-hard
problem.



Adjusting for the same set of variables in outcome and
mediator regression models may inflate the variance of the
natural direct and indirect effect estimators

simeon Lappa tchoffo’

1Université de Moncton

Mediation analysis aims to decompose the total exposure effect on an outcome into a
direct effect and an indirect effect through one or multiple mediators. The regression
approach requires modeling both the outcome and the mediator to estimate the direct
effect and indirect effect. Several works consider adjusting for the same set of covariates
in both the outcome and the mediator models. In this paper, we use theoretical and
simulation results to show that adjusting for the same set of covariates in outcome and
mediator regression models may inflate the variance of the natural direct and indirect
effect estimators.



Periodic Excitation in a Cellular Automata Model of a Termite
Colony

Carter Clifton’

1St. Francis Xavier University

In many animal collectives, interactions between individuals can lead to the emergence of order,
pattern, and complex collective behaviours. As one example, spontaneous action within
individuals in a termite colony can lead to a wave of collective activation. One model to study this
phenomenon was proposed by Miramontes and DeSouza (2008), using a cellular automata (CA)
framework. The state of each cell (an active or inactive termite) evolves according an activation
function and the activation level of nearby termites. This approach resolves both individuals within
the colony, and the spatial organization of individuals. In a follow-up study, it was observed that
under certain conditions, periodic excitation was observed within the CA.

In my work, | implemented the CA model, and reproduced the periodic excitatory behaviour. | then
used Fourier analysis to characterize the frequency and strength of periodicity. Then, by
performing a multi-dimensional exploration through model parameters, | determined critical
density and features of the inter-individual interaction that permit periodic activation.
Furthermore, | determined how the frequency and strength of periodicity is influenced by the
parameters governing the inter-individual interactions.

By understanding the mechanism driving such emergent phenomena in the simpler mathematical
model framework, insight is given into the more complex phenomena of excitation within real
termite colonies.



Teleparallel Geometry with Spherical Symmetry

Hudson Forance’

1Saint Francis Xavier University

Einstein's theory of general relativity(GR) is a very successful theory of gravity; however, it is not
without its shortcomings. Since its inception in 1915, researchers have been met with various
problems in the application of general relativity, primarily related to its prediction of singularities at
the centre of black holes, along with theoretical and observational discrepancies in the limiting
cases of the Lambda CDM model. As such, modified framewaorks of gravity are of growing interest
in the field of cosmology, f(T)-type gravity is one such framework, where instead of using
curvature to describe the relationship between matter, energy, and space-time in the universe, we
use torsion as the fundamental source field for gravitational effects. For this reason
torsion-based(teleparallel) geometries have become a topic of interest for many mathematicians
and physicists. Expanding on previous work, | have found the local Lorentz transformation and
the general purely inertial frame for a class of teleparallel geometries, specifically ones which are
spherically symmetric.Starting with the spin connection for a general spherically symmetric
teleparallel geometry, a system of matrix partial differential equations is established using the
transformation laws for the spin connection. Solving these equations yields a transformation
which can be applied to a generic spherically symmetric frame field, bringing it to a proper frame,
where the spin connection vanishes and so all inertial effects are absent. Additionally, physically
relevant sub-cases are explored.



Unseen Speech Emotion Recognition

Caelen Mattie'
1St. Francis Xavier University

Speech emotion recognition (SER) is the task of identifying and categorizing human emotions
based on audio input. SER has emerged as a valuable tool for enhancing human-computer
interaction. However, traditional SER techniques are often limited to classifying predefined
emotions, lacking the capability to generalize across unseen emotional states. Here, we propose
a novel, zero-shot learning framework designed to classify previously unseen emotions. We
achieve this by creating a shallow neural network that maps Wav2Vec embeddings, those being
vectors created by a pretrained audio to vector model, to FastText embeddings of the
corresponding emotion labels. A FastText embedding is a dense vector representation of a word,
where the vector captures the semantic properties of the word. Instead of traditional multi-class
classification, we employ a multi-output regression approach, leveraging k-Nearest Neighbours to
match the output vector to the closest word in the FastText dictionary. This process attempts to
map an audio vector into a textual vector space. The framework introduces a potentially more
flexible and robust method for classifying emotion samples not previously seen in the training set,
demonstrating potential as a powerful tool in expanding the capabilities of SER systems.



Equivalence Relations on Reversible Circuits

Rory Schepp'
!Dalhousie University

We analyzed different sets of generators and equivalence relations for reversible Boolean circuits
and reversible ternary circuits. Reversible circuits are a special class of logic circuits that are
bijective functions. There are finite generating sets for the even reversible Boolean circuits and
the whole group of reversible ternary circuits. Our efforts focused on trying to find a finite set of
relations on reversible ternary circuits. Our results were limited, but we made progress and gained
a better understanding of the difficult nature of this problem. I will present some of the strategies
we used in this research and some further efforts that could be undertaken to find a finite set of
relations on reversible Boolean and ternary circuits.



Applying Age-Specific Results to Multi-Population Modeling
of Lee Carter Models

Cezar Alexandru Campeanu'’

lUndergraduate Student

Predicting and understanding mortality and longevity is one of the biggest challenges for people
creating mortality models. Insurance companies, governments, and individuals use mortality
models as tools to help calculate the mortality rates of people based on various factors. The
objective of this research is to use statistical methods to create multi-population models that use
innovative techniques to have better predictions of mortality. This research aims to create a
multi-population model that can capture potential impacts of factors such as populations,
genders, and age-groups using innovative statistical technigues to enhance the performance of
classic mortality models.

Recent studies show that combining age-specific results by leveraging structural similarities
across different populations improves predictions. Building on this, our research will compare
mortality across various life stages, populations, and genders, using statistical learning tools to
identify these structural patterns. The goal is to incorporate these insights into the mortality
modeling process to refine and improve the performance of the classic Lee-Carter model. Using
real mortality data, we’re analyzing results under accuracy measures such as MSE (Mean
Squared Error) to compare the performance between our proposed method and the traditional
model. The predicted rate is calculated through a formula that includes a time series forecast of a
specific mortality rate variable. A better forecast of this variable will lead to an improvement in our
mortality modeling.



Low T-count approximations of single-qubit unitaries

Joyce Jiao'
!Dalhousie Univerisity

In quantum computing, a qubit can be represented as a point on the Bloch sphere. An arbitrary
single-qubit operation can be represented by a rotation of the sphere, and can be approximated
using Clifford+T circuits. These circuits are built from finite gates, including the T gate. Since the T
gate is expensive, minimizing its usage is crucial and it makes the T-count a significant factor. We
implemented an algorithm that achieves a T-count of 7 log (1/€), which is an improvement over the
previous algorithm, which achieved a T-count of 9 log (1/¢€). In this talk, we will look into the details
of how the improved algorithm works and provide a demonstration of the algorithm implemented
in Haskell.



Graph Cooling

Nimarjeet Bajwa'

1Acadia University

The cooling process on a graph can be described as a discrete time process where a source for
cooling is chosen at end of each round and once a node is cooled in round t, in round t + 1, its
uncooled neighbors become cooled. The cooling process seeks to maximize the number of
rounds it takes to fully cool a graph and the maximum number of rounds to cool a graph G is called
the cooling number of G. In this talk we look at some known results about the cooling number of
cartesian grids, we also look at the cooling number of a family of caterpillars and discuss the time
complexity of the cooling process



Clonal plants and how evolution favours differences

Sarah Postuma'’

Mount Allison University

It has been established that variability within plant species is caused by differentiations in
genotypic or phenotypic traits. This study investigates the phenomena of variation that occurs
when genotypes and environment are constant and controlled, but variation between plants
continues. Jensen’s Inequality states that for any nonlinear, convex up, function the expected
value of any point on the curve is higher than the function value at the expected value. This leads
to a positive relationship between plant fithess and plant variation. While this implies infinite
variation is best, infinite variation is not possible. We quantify biological limits to find the optimal
variation and model causative factors in the trade-off between fithess and variation. This study
focuses on the simulation of a non-variable population of duckweed competing against a variable
population and confirms that variation is preferred within clonal plants.



Enhancing Interpretability in Deep Learning Models for Breast
Cancer Detection

Joy Ndirangu’
1Acadia University

Breast cancer is one of the most common cancers found primarily in women, affecting 1 in 8
women in Canada over their lifetime, according to the Public Health Agency of Canada. The early
diagnosis of breast cancer can reduce the spread of cancer cells and the risk of death. Machine
learning (ML) systems can help healthcare professionals diagnose breast cancer with better
accuracies by seeing the underlying patterns in the images that the radiologist might find difficult
to detect early on. While deep learning (DL) models can obtain high accuracies, their black-box
nature inhibits their ability to explain how they came to their conclusion and their regions of
interest (ROI), creating distrust between DL systems and the radiologist. This research employs
two CNN model architectures - AlexNet and Houby & Yassin's CNN - to classify recently obtained
mammographic images from the KAU-BCMD dataset into six BI-RAD categories (0 - 6). To
resolve the problem, SHAP, an explainability approach based on Shapley values, has been used
to assess the role that each feature has towards the prediction process. There were two SHAP
variants that were applied: PartitionSHAP and DeepSHAP. The method of employing the dataset
through the models is by 1) preprocessing the dataset, 2) classifying the dataset in the BI-RADs
0-6, and 3) obtaining the SHAP plots identifying the model's ROIs. The proposed methods
resulted in high performance metrics for AlexNet and Houby & Yassin's CNN with an AUC and
accuracy of 95.8% and 90.3%, and 97.9% and 95.7%, respectively.



Blow Up of Solutions for Semilinear Parabolic Partial
Differential Equations

Marcus Lawless’

1Cape Breton University

In this talk | will discuss research | did over the summer regarding blow up of solutions for
semilinear parabolic partial differential equations. | will introduce what it means for a solution to
blow up in finite time and provide two examples of applications with blow up. Following this, | will
introduce new methods to improve two results found in Xu et al. (Electronic Journal of Differential
Equation, 2018) and a simplified proof for a theorem found in the same paper. This work was done
in collaboration with my supervisor Dr. George Shaohua Chen and funded by NSERC USRA
research grant.



Caffarelli-Kohn-Nirenberg inequality with monomial weight

Megan Luscombe', Robin Major’, Jordon Paddle’

!Memorial University of Newfoundland, Grenfell Campus

In this talk, we discuss the L2-Caffarelli-Kohn-Nirenberg inequality. We will also present a simple
way to compute the optimal constant of the L2-Caffarelli-Kohn-Nirenberg inequality with
monomial weight.



Temporal Based Text Prediction

Kennedy Roland’

1St. Francis Xavier

It has been found that people talk differently in different human states and because of this,
language models could be improved by being trained on which state the person is currently in
while typing. We elaborate on this idea to consider different times of day like being in a different
state. We hypothesize that people talk differently at different times of day and suggest that if
language models consider this metadata, there could be improvements around next-word
prediction. We explored this theory, while limiting our hardware requirements, aiming to show that
with even minimal change to the input, we were able to see improvements over time-agnostic
models. We created our own dataset using English text from Reddit, which was separated by
author. Each author’s posts were then grouped into three-hour time-segments based on what
time of day they were written. We used GPT2, a commonly used large language model, to pass
through every post alone for control scores on perplexity and accuracy at k, where k was one
through five. We then prepended each post with one of three types of text to test on, our main test
group of posts from the same author and same time-segment, posts from the same author but
different time segments and random other posts from the dataset (different authors). We
compared these cases and found that prepending with text from the same time segment can
improve performance in some cases with respect to perplexity and accuracy.



Max-Min Procedure for Pairwise Comparisons of Proportions
iIn Monotone Dose-Response Studies

Julia ShirokoV'
1Acadia University

The simultaneous pairwise comparisons of proportions for success among varying treatment
levels are common in many dose-response studies. In such cases, it is often reasonable to
assume that the drug treatment proportions are monotone. A simple technique is proposed to
construct asymptotic simultaneous confidence intervals by utilizing the ordering of the
proportions, referred to as the max-min procedure. The max-min procedure has the same
coverage probability as others presented in literature but makes an improvement on confidence
interval length over the proportions. Two real data examples from dose-response studies with
dichotomous response variables are provided for illustration.



Reinforcement Learning and the Control of Decentralized
Discrete-Event Systems

Matya Stavnitzky’

IMount Allison

Reinforcement learning (RL) is a powerful technique at the intersection of machine learning and
optimal control theory. Solving control problems in decentralized architectures for discrete-event
systems (DES) requires computationally complex compositional strategies from automata theory
to synthesize controllers. Such strategies employ a "top-down" approach and address the
combined behaviour of the decentralized agents. In contrast, RL uses a "bottom-up" approach
and considers agent behaviours independently using a local reward system that attracts or deters
agents from expected behaviour. We revisited the first work on RL and DES from 2005, which
used Q-learning to train controllers for the canonical "cat and mouse in a maze" problem. While
there were some differences from the reported results of 2005, our results demonstrate the
potential for RL to produce decentralized controllers more efficiently than the classical controller
synthesis techniques.



A Split Questionnaire Design Approach for the HBSC Study

Aadesh Nunkoo'

tUniversity of Prince Edward Island

Excessively long questionnaires increase the response burden on survey participants and may
result in a large nonresponse rate and increased measurement error. To address those concerns,
the Split Questionnaire Design (SQD) was proposed where the long questionnaire is split into
several sub-questionnaires and only a subset of the total sub-questionnaires is randomly
assigned to each sampled participant. Typically, there exists a core component that contains
vitally important questions (e.g. socio-demographic questions) from the original full questionnaire
which is administered to all participants. The other questions, called split items, are only
administered to varying subsets of the main sample, inducing missing data by design. Several
combinations of these components are constructed, and the omitted questions are usually
multiply imputed for all respondents to create a complete data set. The Health Behaviour in
School-Aged Children (HBSC) study is a collaborative cross-national initiative led by the World
Health Organization (WHO) to examine the health and well-being of adolescents. Over the years,
concerns have been raised regarding the length of the HBSC questionnaire which increases
respondent response, and low response rates in some countries. This talk will explore our
proposal of an SQD as a potential solution to reducing the survey length with partially different
sets of questions being asked to different students using different sub-questionnaires. We will
explore how to split the items and topics from the full questionnaire into the core component and
the different sub-questionnaires. This is a work in progress.



Verifying and Simplifying Tietze Transformations

Scott Wesley'
!Dalhousie University

Invertible operations are described by groups. Many examples, such as permutations and
reversible circuits also admit nice combinatorial descriptions. These combinatorial descriptions
often take the form of group presentations, which describe groups in terms of their generating
elements, and the relations those elements satisfy. Unfortunately, identifying when two group
presentations are isomorphic is known to be undecidable; that is, no algorithm can determine
when arbitrary group presentations are isomorphic. In practice, people rely on Tietze
transformations to build these isomorphisms by-hand. However, rigorously constructing proofs
from Tietze transformations often proves to be tedious and time-consuming.

In this talk, we propose a new framework for building isomorphisms from Tietze transformations.
We start by viewing Tietze transformations as a proof system for group isomorphisms. From this
perspective, the validity of a Tietze-style proof is decidable. We show that basic semantic
arguments and compositional reasoning can be added to the proof system, without losing the
decidability of proof validity. We then implement a program, which we call Tietze, to automatically
validate proofs in this proof system. We demonstrate the effectiveness of Tietze to solve real
problems, and discuss directions for future work, such as proof visualization and interactive
theorem proving.



Towards Efficient Machine Learning Method for IoT DDoS
Attack Detection

Pavitra Modi’

tUniversity of New Brunswick

With the rise in the number of 10T devices and its users, security in l0oT has become a big concern
to ensure the protection from harmful security attacks. In the recent years, different variants of
DDoS attacks have been on the rise in 10T devices. Failure to detect DDoS attacks at the right
time can result in financial and reputational loss for victim organizations. These attacks conducted
with 10T devices can cause a significant downtime of applications running on the Internet.
Although researchers have developed and utilized specialized models using artificial intelligence
techniques, these models do not provide the best accuracy as there is always a scope of
improvement until 200% accuracy is attained. We propose a hybrid feature selection algorithm
with two levels. The first level consisting of an analysis with correlation coefficients and the
second level consisting of an analysis with mutual information gain. A set intersection on the
features selected in level 1 and level 2 is found to select only the most useful features and pass
those features into an XGBoost model, the results of which are explained using feature
importances. Our model attains an accuracy of 99.993% on the CIC IDS 2017 dataset and a recall
of 97.64 % on the CIC loT 2023 dataset. Overall, this research would help researchers and
implementers in the field of detecting IoT DDoS attacks by providing a more accurate and
comparable model.



Effects of cannibalism in a basic stage-structured population
model

Sokhna Ndiaye'

tUniversity of Moncton, Department of Mathematical Sciences and Statistics

The snow crab (Chionoecetes opilio) is one of the most commercially exploited marine resources,
with landings generating over $300 million in 2021 for fishers in the Gulf of St. Lawrence,
according to the Department of Fisheries and Oceans (DFO). This species also plays a crucial
role in the coastal ecosystem by structuring the benthic environment through its intense predatory
activity. However, growing challenges related to climate change, such as rising water
temperatures, threaten its distribution, growth, and trophic relationships, making the sustainable
management of its stocks all the more critical. Due to the complexity of its life cycle, snow crab
modeling presents significant challenges. This presentation aims to evaluate the relevance of a
continuous-time dynamic model to better understand the population dynamics of the snow crab.
The proposed model will be stage-structured, dividing the population into two categories:
immature crabs and mature crabs, and will also account for the species' cannibalistic behavior. A
mathematical analysis of the model, along with numerical results, will be presented.



Detecting and Resolving Feature Interactions in
Cyber-Physical Systems Using Formal Methods

Hayden Walker’, Laurie Ricker’

Mount Allison University

Feature interactions occur when different components of a system interact in unexpected ways.
Cyber-physical systems (CPS) are typically defined as a collection of components that can
interact with the physical environment and other devices over a network. Feature interactions in
CPS have been studied, but research in detecting and resolving them at the modelling stage has
been lacking. We use supervisory control theory with finite state machines (FSMs) to model CPS
and detect feature interactions before physically building the entire system. This paper uses and
extends an existing taxonomy of feature interactions that affect CPS and demonstrates an
approach to detecting and resolving one kind of feature interaction: chaotic device management
(Codema). Our example includes a smatrt light bulb and two disjoint device management
channels (DMCs). We model each component using FSMs, compose them, and then employ
supervisory control of discrete-event systems to synthesize a controller that will disable the
unwanted behavior of the feature interaction.



Factorization of Clustering Words

Myles Dugas', Mélodie Lapointe’
lUniversité de Moncton

We studied a factorization of a clustering word into a product of clustering words on an n-letters
alphabet. On a 2-letters alphabet, clustering words are called Christoffel words. Borel and Laubie
(1993) showed that Christoffel words can be uniquely factorized into a product of two Christoffel
words. This factorization gives a recursive construction of Christoffel words. It also has close ties
with some algebraic structures. However, these properties may change on larger alphabets. The
proof of the existence and uniqueness of the factorization of Christoffel words is based on the
geometric definition of those words. Since those geometric properties are lost on larger
alphabets, we rely on other characteristics such as order to demonstrate the existence of this
factorization for clustering words on any alphabet.



Quantum R(2,2) is 4

Andrew Allen’

!Dalhousie University

Ramsey’s Theorem states that for any natural number k, any graph on a sufficient number of
vertices has a k-clique or a k-independent set. The minimum number of vertices for each k is
denoted R(k,k), and calculating these values is an open problem. An application of this theorem is
the construction of error-correcting codes for classical information channels. This involves
identifying anticliqgues of a so-called “confusability graph”, which tracks the input messages that
can be rendered indistinguishable due to errors in the transmission.

Research efforts have been made to extend this same principle to the setting of quantum
information theory. This involves analogues of the familiar notions of a graph and Ramsey’s
Theorem. Like the classical case, calculating the quantum R(k,Kk) values is an open problem.
Weaver previously established an upper bound on quantum R(k,k) of 8k*11. Now we claim that
R(2,2) is 4. In this presentation, we 1.) introduce a classical graph and illustrate the classical
Ramsey’s Theorem; 2.) introduce a quantum graph and describe Weaver’s analogue of the
theorem; and 3.) outline our proof for why quantum R(2,2) is 4. To our knowledge, this is the first of
the quantum R(k,k) values to be exactly determined.



https://arxiv.org/pdf/1601.01259

Generalized Outcome-Adaptive Lasso of quantile regression
for causal inference

Fatim Ka'

1Université de Moncton

Generalized Outcome-Adaptive Lasso of quantile regression for causal inference

Causal inference is essential for understanding how different treatment strategies impact
outcomes. Traditionally, causal inference methods focus on the average treatment effect (ATE).
However, for rare yet significant events, quantile treatment effects (QTES) offer more relevant
insights.

In the present study, we developed the Quantile Generalized Outcome-Adaptive Lasso (QGOAL),
to improve the Generalized Outcome-Adaptive Lasso (GOAL) proposed by Baldé et al. [2023,
Biometrics 79(1), 514-520], for quantile regression. By incorporating penalty weights derived from
various quantile regression models, QGOAL effectively addresses extreme values while
maintaining the benefits of GOAL for both variable selection and estimation.

This presentation formalizes QTEs, reviews IPW methods, and introduces the proposed QGOAL
approach. Comparative results between QGOAL and alternative methods are presented,
concluding with a discussion of the findings.



SELinux Policy Analysis and Automation

Pranav Kapoor', Joann Sum?, Krish Jain®

tAcadia University, 2California State University, Fullerton, 2University of Rochester

Analyzing security policies is an essential part of security in computer systems. In this research
we focus on analyzing SELinux Type Enforcement (TE) policies, exploring graph database
technology and machine learning approaches to facilitate our analysis. SELinux implements
mandatory access controls that enhance system security, but the complexity of SELinux policies
makes analysis challenging. Our study aims to demonstrate how graph database modeling,
Al-driven analysis, and advanced querying can improve the accessibility and effectiveness of
SELinux policy analysis for system administrators. We propose a dual approach: modeling
SELinux TE policies as a graph structure using Neo4j and leveraging machine learning models
trained on data extracted from SELinux policies. This combination allows for both visual
exploration of policy specifications and automated detection of potential policy violations. Our
methodology involves extracting SELinux policy specification from a real Linux system using the
APOL tool, model it in Neo4j graph database, developing Cypher queries for relationship analysis,
and applying machine learning models. We define specific violation classes that represent
potential security issues within policies. Our current results show that our machine learning
models can successfully identify instances of the violation classes within SELinux policies. This
approach shows promise for making SELinux policy analysis more accessible and powerful,
potentially improving security policy management and reducing configuration errors. Future work
will focus on refining the models, expanding the range of detectable violations, and integrating
these tools into SELinux management interfaces. (edited)



Exploring k-separability through the reduction and
realignment criteria

Benjamin Talbot’

tUniversity of New Brunswick, Saint John

In the quantum resource theory of entanglement, the well-studied separability problem asks for a
way to characterize the set of quantum states that are separable (not entangled). The
k-separability problem generalizes this idea to include varying depths of entanglement. Several
methods have been used to study separability. These include separability criteria and
entanglement witnesses. A separability criteria is a one-sided test that must be satisfied by a
separable state, usually in the form of a positive, but not completely positive, map. An
entanglement witness is an operator W that can detect the entanglement in certain entangled
states. Which states are detected depends on the entanglement witness. In this work, we present
a study of k-separability using generalizations of these methods, namely k-separability criteria
using k-positive maps and k-entanglement witnesses. With the first approach, we show bounds
on the eigenvalues of applying the k-reduction map to a quantum state. We also show a potential
approach to studying k-separability by using the k-realignment criterion.



Groups of Matrices with Approximately Submultiplicative
Spectra

Lindsey McNamara'

1Saint Mary's University

We say that a semigroup of matrices has a submultiplicative spectrum if the spectrum of the
product of any two elements of the semigroup is contained in the product of the two spectra in
guestion (as sets). Assuming submultiplicativity of the spectrum for a semigroup leads to a variety
of interesting structure results (see, for example, Section 3.3 of Simultaneous Triangularization by
H. Radjavi and P. Rosenthal). In particular, any irreducible semigroup with submultiplicative
spectrum is essentially a finite group. We aim to generalize this result by exploring an
approximate version of submultiplicativity. This notion is easiest for unitary groups: we say that
spectrum is submultiplicative within epsilon if for every eigenvalue c of AB there are eigenvalues a
of A and b of B whose product ab is within epsilon of c. We will give several examples of unitary
groups of n by n matrices that have approximately submultiplicative spectra. We will then sketch
the proof that for a particular epsilon whose magnitude is on the order of 1/n? such groups are
always finite modulo their centers (hence essentially finite when irreducible). We will then show
by example that this epsilon is in some sense the largest possible.



Categorical Structures in Joyal's Category of Games

Tanner Altenkirk’

Mount Allison University

A category is a collection of objects, along with a collection of morphisms between the objects,
that satisfy certain conditions. In 1977, André Joyal developed a category of normal-play
combinatorial games, for which objects are normal-play games and morphisms are winning
strategies for Left moving second on the codomain game minus the domain game. Although this
was likely the first time that game theory and category theory were successfully used in tandem,
Joyal did not investigate his category in detail. Further work by Dr. M. Allen showed that the same
methods that Joyal used to construct his category failed to yield a category of misere-play games.
Since then, very little else has been done involving Joyal's category.

This presentation details some novel results concerning categorical structures in Joyal's category
of normal-play combinatorial games. Firstly, it can be shown that Joyal's category does not
contain products, nor initial and terminal objects. In fact, the lack of product objects extends to the
category of games born by day n as well. Furthermore, an equivalence between the definitions of
isomorphism in combinatorial game theory and category theory is established in Joyal's category.
Lastly, reasonable characterizations of sections, retractions, monomorphisms, and epimorphisms
in Joyal's category are provided.

These results provide a means of analyzing combinatorial game theory through a category theory
lens, which may prove useful for future research within both fields separately.



Estimating Heaps' law for large document collections: A
preliminary study

Pierre Aucoin’, Uyen Lai', Pouya Faroughi', Paul Sheridan’

tUniversity of Prince Edward Island

Heaps' law is an important law in computational linguistics relating how the number of distinct
terms in a text (or collection thereof) increases with the total number of terms. Existing methods
for modeling Heaps' law are best-suited for individual documents or moderately sized document
collections. However, the proliferation of large-scale document collections, such as those
commonly used for training generative Al algorithms, creates a need for a new crop of Heaps' law
estimation procedures. In this presentation, we explore a computationally efficient heuristic
method that can accurately estimate the Heaps' law exponent for large document collections. We
evaluated the effectiveness of our method on three document collections: Project Gutenberg (75
documents), PubMed Abstracts (500,000 documents), and Wikipedia articles (250,000
documents). The results show that our method accurately recovers Heaps' law parameters. We
consider these findings a promising starting point in estimating Heaps' law for large document
collections.



Hex Realizability of Game Values Over Posets

Ethan Saunders’, Peter Selinger’

!Dalhousie University

We analyze the game of Hex using methods from combinatorial game theory. Each position in
Hex can be assigned a game value over some poset. A game value $V$ is called Hex realizable if
there is some Hex position whose game value is $V$. Similarly, a value $V$ over some poset is
called Shannon realizable if there is some Shannon game whose value is $V$. | will present some
results on the Hex realizability and Shannon realizability of game values over posets.



Spatiotemporal modelling of lobster abundance

Joseph Barss'
!Dalhousie University

A model for species abundance based on ecological survey data must properly account for the
presence of spatial and temporal correlations in order to provide accurate abundance index
estimates. Data on lobster abundance collected by trawl survey programs in the Bay of Fundy
poses additional modelling complications, including the use of different types of sampling gear
with unknown catchability coefficients, varying survey coverage by program and year, and a
highly skewed data distribution with a high proportion of zero observations. The negative binomial
geostatistical generalized additive mixed model fit to these lobster data includes Gaussian
random fields for modelling spatial and spatiotemporal effects. The model is fit with the sdmTMB
R package, which performs maximum likelihood estimation using the Laplace approximation to
the marginal likelihood. The Gaussian random fields have a Matérn covariance function, and are
fit as Gaussian Markov random fields using a triangular mesh laid across the study area. Model
selection is informed by the use of residual analysis, Akaike’s Information Criterion, and spatial
block cross-validation. The main results of interest include the estimates of the model parameters,
as well as maps of the predicted abundance at all locations in the study area for every year, and
an index whose value at any year is the total abundance in the study area for that year. Simulation
studies are also performed to examine the accuracy of the model under different scenarios of
reduced data quality or quantity.



Visualizing Isomorphisms between Alternating/Symmetric
and Polyhedral Rotation Groups via 3D Modelling and
Printing

Eleanor Friddell

!Dalhousie University

Visualization can be a key part of the learning process for mathematics students, as visual
intuition can help contextualize difficult abstract concepts. Group theory lends itself particularly
well to visualization, given the often geometric nature of groups as the symmetries of various
objects and systems. There are many different methods for visualizing groups, each emphasizing
certain structural elements and de-emphasizing others. The goal of this project was to learn about
and visualize finite simple groups, which was accomplished through the development of a series
of 3D models and corresponding 3D printed sculptures. These models serve as visual proofs of
the isomorphisms between the three distinct polyhedral rotation groups, i.e. the rotational
symmetry groups of the tetrahedron, octahedron and icosahedron, and the alternating and
symmetric groups A4, S4 and As, respectively. These models comprise a “wireframe”
representation of each polyhedron, as well as four or five inscribed lines or cubes, depending on
the group in question. By rotating each model, the relationship between the rotational symmetries
of the polyhedron and the action of this group on the inscribed objects becomes clear, illustrating
the relevant isomorphism. In this way, this project merges visual art and abstract algebra in order
to create art pieces which also function as tools for mathematical education.



HFX3D: Comprehensive 3D LiDAR Data Acquisition and
Analysis of Reflective and Transparent Glass Facades

Abdiaziz Muse', Prachi Kudeshia', Jiju Poovvancheri’
1Saint Mary's University

Glass facades are integral part of modern architecture, contributing to energy efficiency,
aesthetics, natural lighting, and structural design. However, their transparency, reflectivity, and
complex geometries make them challenging for 3D data acquisition and analysis. Accurate
mapping of glass surfaces is crucial for autonomous navigation, urban planning, structural
assessment, and more. Despite their importance, research on glass facades has been limited due
to the lack of comprehensive datasets addressing the unique challenges posed by these
reflective and transparent glass materials. To bridge this gap, we introduce HFX3D dataset,
comprising 857 million point clouds and 2,000 high-resolution RGB images. To our knowledge,
HFX3D is the largest dataset of its kind in the field of glass facades using LIDAR. The dataset is
collected using state-of-the-art Mobile Laser Scanning (MLS) technology in Halifax municipality
and is designed to advance research in glass surface segmentation and analysis, 3D line
regression for wireframe generation on point clouds, semantic segmentation, 3D reconstruction of
lightweight models, and facade element classification, reflection and transparency analysis on
glass facades. This dataset also provides comprehensive insights into how different glass
materials affect reflection intensity, the occurrence of multiple reflections, and laser beam
interactions with glass—challenges previously overlooked in similar datasets. We also present
innovative techniques for efficiently capturing and processing glass surface data using LiDAR
scanners, which are critical for ensuring high-quality data essential for Deep Learning algorithms.
HFX3D will be publicly available soon serving as a vital resource for advancing studies in urban
3D modeling and glass facade analysis.



Biases in data, and how we can mitigate them.

Katrina de Vera'

tacadia university

When looking at data we know that our “sample needs to be representative of the population. If
this is not the case, conclusions will not be generalizable, i.e. the study will not have the external
validity.”

There are many ways for biases to arise in data. Both intentionally and unintentionally.

Non representative sampling. This is when a sample used in research does not accurately
represent the sample in which the conclusion is being applied to.

Incomplete or inaccurate data. This comes from the fact that information can inherently
perpetuate its own biases by being based upon skewed or incomplete information.

Cultural or Societal biases. These are when researchers (intentionally and unintentionally)
introduce their own personal biases to data collection and data analytics. Their consequences
can perpetuate in many different disciplines.

We can see that these biases perpetuate unfair outcomes and inequality especially in fields such
as business, and criminal justice. Biased data is everywhere, and building Al upon biased data
further perpetuates the biases, which are then evident in our world. When Al is built upon
unbiased data, it ensures that the system is not able to unfairly favor or disadvantage a group
based on the data’s biases.

In turn unbiased data leads to more accurate predictions and better decision making along with
more equity within the world.

Mitigation starts with having an understanding of the biases. Ensure your data has diversity. Make
your algorithms aware of biases, and how they can be designed to ensure equity on the
outcomes.



Trisection to Feasible Consensus Strategy and its
Favorability in Multi-Phase Conflict

Yilin Huang', Mengjun Hu'
1Saint Mary's University

In recent years, conflict analysis has increasingly utilized three-way decision-making and rough
set theory to explore agent relationships and identify feasible consensus strategies. The primary
focus of conflict analysis is to determine the set of feasible consensus strategies from a given
information table. However, real-world conflicts often unfold over multiple phases, such as in
decision-making conferences where several rounds of discussion occur. In these scenarios,
participants undecided in one phase may be influenced by others' decisions in subsequent
phases, while some may remain noncommittal. A single information table, therefore, fails to
capture the dynamic nature of consensus formation. Thus, it is essential to consider multiple
phases (i.e., multiple tables) to understand how the favorability of strategies evolves over time.
Expanding this discussion requires conceptual enrichment of feasible consensus strategies,
adhering to the principle of thinking in threes, to establish a foundation for future work.
Additionally, combining a quantified evaluation scheme with considerations of revenue, cost, and
conceptually enriched strategies can enhance the comparability of feasible consensus strategies.
These concepts also support further refinement of existing algorithms for identifying feasible
consensus strategies. Finally, a case study can be presented to illustrate these topics.



Computing the S-Bandwidth of a Quantum Network's Graph
Representation

Luis Varona'

!Department of Mathematics & Computer Science, Mount Allison University, Sackville, NB,
Canada E4L 1E4

When designing quantum computers, we use undirected, potentially weighted graphs to
represent networks of quantum processors. Such a graph is called “S-diagonalizable” if its
discrete Laplacian is diagonalizable by some matrix P with all entries from S € R, and it is said to
have an “S-bandwidth” of k if PTP has matrix bandwidth k. It has recently been shown that low
{-1,1}- and {-1,0,1}-bandwidths are in many cases indicators of “perfect state transfer’'—the
reliable transmission of quantum bits, or qubits, between separate nodes. We herein present the
first algorithm to determine the minimum {-1,1}- and {-1,0,1}-bandwidths of a given graph in the
hopes of advancing the development of quantum information hardware. Particular emphasis is
placed on testing for “weak Hadamard diagonalizability,” where a weak Hadamard matrix is some
{-1,0,1}-matrix W such that W™W is tridiagonal. Finally, we set forth test results on select
unweighted graphs up to order 14 and detail findings on edge weightings (which correspond to
different voltages in a quantum circuit) that may induce {-1,1}- and {-1,0,1}-diagonalizability.



Snort on Triangular Grid Graphs

Svenja Huntemann', Melanie Gauthier’

Mount Saint Vincent University

Snort is a two-player graph colouring game where players take turns colouring vertices such that
they are never next to one of the opponents colours. In combinatorial game theory the outcome
class is who wins the game if everyone plays optimally. We will be looking at the outcome class of
Snort played triangular grid graphs.



Cooling p-catepillars

Erin Hughes'
1Acadia University

This presentation discusses the graph searching operation graph cooling which stems from the
more well-known operation of graph burning. Graph cooling is the process of choosing vertices of
a graph G and in each discrete time round allowing the cooling of the selected, or cooled vertices,
to the spread to the neighbours of cooled vertices. The graph cooling problem focuses on
maximizing the number of rounds before the process terminates. The topic of the presentation is
centered around specific families of tree graphs and how the results of the cooling process of the
families.






