1

2
5

The 37th Atlantic Mathematics, Statistics and Computer Science Conference
MSCS 2014
UNB-Saint John, Oct. 3-5, 2014
Celebrating UNB-Saint John’s 50th Anniversary
The Organizing Committee of the 37th Atlantic MSCS 2014 Conference wishes to extend to
students, teachers, and faculty members a warm welcome to MSCS 2014. The conference
coincides with UNB-Saint John’s 50th Anniversary Celebration and we are very pleased to
welcome you to our campus. Historically, UNB-Saint John hosted its first Mathematics and
Statistics APICS (now Science Atlantic) conference in October, 1993, and its first Mathematics,
Statistics, and Computer Science APICS conference in October, 2004. We are honoured to host
UNB-Saint John’s first Science Atlantic Mathematics, Statistics and Computer Science
conference, MSCS 2014.
The Organizing Committee expresses heart-felt gratitude to sponsors of MSCS 2014. This
conference would not have been possible without the substantial financial support we
received from Science Atlantic, AARMS, Vice-President (Saint John), Dean of Science, Applied
Science and Engineering (UNB-Saint John), Department of Mathematical Sciences and
Department of Computer Science and Applied Statistics. We also extend our gratitude to
Student Representative Council (UNB-Saint John), Canadian Mathematical Society, Canadian
Mathematical Society StudC Committee, Statistical Society of Canada, Innovatia, Maplesoft,
Pearson Canada, Enterprise Saint John, Canadian Nuclear Safety Commission, Planet Hatch,
and NB Power for their support and sponsorship of the conference.
Many individuals have contributed to the planning and organizing of this event. While they are
too numerous to list, we extend to everyone our gratitude for your assistance, and we offer
our special thank you to all those involved in the student competitions. We are most grateful
to our panel of invited speakers: Dr. Manuela Veloso of Carnegie Mellon, who will deliver the
Sedgwick Lecture, Dr. Erica Moodie of McGill University, who will deliver the Field Lecture, and
Dr. John Grant McLoughlin of UNB-Fredericton, who will deliver the Blundon Lecture.
We wish everyone a pleasant stay in Saint John, and a very productive event.
The Organizing Committee
MSCS 2014

Welcome from the Dean of Science, Applied Science
and Engineering at University of New Brunswick,
Saint John

Welcome to the University of New Brunswick, Saint John. On behalf of the Faculty of Science,
Applied Science & Engineering it is my great pleasure to welcome you to the 2014 Science
Atlantic Mathematics, Statistics and Computer Science conference.
Our Faculty is made up of five departments, including the Department of Computer Science &
Applied Statistics and the Department of Mathematical Sciences.
The Department of Computer Science & Applied Statistics offers four-year degree programs in
Computer Science and Information Sciences, BA and BSc majors and minors in Statistics,
minors in CS and IT, and a Certificate in Computing.
The Department of Mathematical Sciences offers a four-year degree program in Financial
Mathematics along with BA and BSc majors and minors in Mathematics and a Certificate in
Mathematics for Education.
We are extremely proud of our faculty in both of these departments. Many maintain active
research programs and all provide our students with current and effective teaching techniques
in the classroom. Several of these faculty members have also won teaching awards that
recognize their commitment to our students.
I hope that you have the opportunity to meet and chat with many of these faculty members
during your time on our campus. Congratulations and best of luck to those of you who are
presenting a poster, giving a talk, or participating in one of the competitions. For all of you,
seize the opportunity to socialize with not just faculty but also your fellow students from the
Atlantic region. You all face similar challenges and can learn from each other as you develop
the skills to succeed in the world of science.
Dr. Ruth Shaw, Professor (CS)
Dean of Science, Applied Science & Engineering
UNB Saint John

Welcome from the Vice-President, Saint John
at University of New Brunswick, Saint John

Welcome to the 37th Science Atlantic Mathematics, Statistics and Computer Science
Conference!
It has been 10 years since UNB Saint John has had the opportunity to host a mathematical,
statistics and computer science conference.
Our university, our campus and our city have definitely undergone some major changes since
then. With the completion of the Hans W. Klohn Commons, the renovation of the UNBSJ
Canada Games Stadium, and the co-location of Dalhousie Medicine NB and NBCC’s allied
health programs to Tucker Park, the Saint John Campus has been transformed. More than
ever before, natural connections between the university and the community are being made
every day. It’s a powerful combination that is beneficial to everyone involved, and a benefit
that will resonate outside of our borders, into the community and around the province.
Over the course of the next couple of days you will get the chance to network, exchange ideas
and hopefully collaborate in new and creative ways.
We are delighted to host this event on our campus. I sincerely hope you enjoy your time on
our campus.

Robert MacKinnon
Vice-President
UNB Saint John

Schedule
Friday, October 3
10:00 – 2:30 Registration – Ganong Hall Foyer
12:00 – 1:00 Programming Competition Briefing – Irving Hall 101
1:00 – 6:00 ACM Programming Competition – Irving Hall 102, 105
2:00 – 5:30 Mathematics Competition – Irving Hall 107
3:00 – 4:00 Joint Committee Meeting – Irving Hall 101
4:00 – 5:00 Math & Stats Committee Meeting – Irving Hall 101
4:00 – 5:00 CS Committee Meeting – Irving Hall 104
5:30 – 7:00 Student Pizza Party – Ganong Hall Foyer
5:00 – 7:00 Registration – Ganong Hall Foyer
7:00 – 7:15 Welcome Address and Opening Remarks – Ganong Hall Lecture Theatre
7:15 – 8:15 Sedgwick Lecture: Dr. Manuela Veloso, Carnegie Mellon – Ganong Hall Lecture Theatre
8:15 – 10:30 Reception – Ganong Hall Foyer
Saturday, October 4
8:00 – 11:00 Registration – Ganong Hall Foyer

8:00

8:20

8:40

9:00

Math & Stats (Undergrad
Talks)-IH107
Kyle Bryenton, Finding Fast
Matrix Multiplication
Methods Using Genetic
Algorithms, Part I
Hayden VanIderstine, Finding
Fast Matrix Multiplication
Methods Using Genetic
Algorithms, Part II

Bradley Creelman,
Investigation into the Exact
Controllability of the 1-D
Schrodinger Equation
Tong Li, Comparative Study of
Hulthen Potential

CS (Undergrad Talks)IH101
Nikita Volodin, A Flexible
Programming
Framework for MultiDisplay Environments
Mariah Martin Shein,
Assessing Ergonomic and
Postural Data for Pain
and Fatigue Markers
using Machine Learning
Tools
Federico Mora, EASIK
and View Updatability

Karen Korstanje, Weak
Keys and Plaintext
Recovery for the DhallPal Cipher

9:20 – 9:40 Nutrition Break – Ganong Hall Foyer

9:40

10:00

10:20

10:40

Math & Stats (Undergrad
Talks)-IH107
Matt Trace, Skolem Labelled
Graphs

CS Presentation – IH101
Sally Ng, Planet Hatch

Jonathan Poulin, Extending
Cycles in 0-Block-Intersection
Graphs of Balanced
Incomplete Block Designs
Emma Carline, Identities
Involving the Lucas Functions
and the Bernoulli Numbers
Yuhuai Wu, Discrete
Equidecomposability and
Period Collapse

Math & Stats (Undergrad Talks) IH104
Zhouqin He, Business Failure
Prediction for Canadian
Charitable Organizations using
Data Mining Techniques
Matthew van Bommel, StageWise Surrogate Modeling of Tidal
Power Functions
Jon Smith, Tidal Model Validation
in the Bay of Fundy
Dylan Day, Self-Similar
Distributions with Uniform
Marginals

11:00 – 12:00 Blundon Lecture: Dr. John McLoughlin, UNB – Ganong Lecture Theatre
12:00 – 1:15 Lunch – Ganong Hall Foyer

1:15

1:35

1:55

2:15

Math & Stats Education
Session-IH107
Jeffrey Picka, Science Studies
and the Teaching of Statistics
Education Discussion

Contributed CS Talks –
IH101
Xiang Jiang, A Survey of
Transfer Learning in Deep
Learning Architectures
Jane Gomes, Learning to
Reason in A Probably
Approximately Correct
Manner Using Machine
Learning
Alireza Manashty,
Towards a New JDL model
for Big Data Analytics in
Multi-senor Data Fusion
for Smart Healthcare
Monitoring
Andrew Somerville,
Accelerating Java on
Multicore

Math & Stats (Undergrad Talks)IH104
Peter Graves-Akerley, Note on
an Approximate Version of
Specht’s Theorem
Brandon Doherty, Global
Dimension of Endomorphism
Rings

Emily Rosta, Existence of Weak
Solutions to a Non-Linear
Dirichlet Problem

Leah Duffett, The Geometric
Quantization of a Focus-Focus
System

2:45 – 3:00 Nutrition Break – Ganong Hall Foyer
3:00 - 4:00 Field Lecture: Dr. Erica Moodie, McGill – Ganong Hall Lecture Theatre

4:00

4:20

4:40

Contributed Math TalksIH107
Abdullah Al-Shaghay,
Analogues of the Binomial
Coefficient Theorems of Gauss
and Jacobi
Darien DeWolf, Double
Groups and Semigroups

Robert Bailey, Metric
dimension of graphs and
metric spaces

Contributed Stats Talks –
IH101
Kanika Anand, Sequential
Design in Noisy Computer
Experiments

Math & Stats (Undergrad Talks)IH104
Keegan Marr, Verification of the
Operational Characteristics and
Performance of a Muon
Telescope
Chris Keefe, Convergence to
Steady State for a Degenerate
Parabolic System of Relevance
to Marine Ecology

Mark Thomas, Using
Gaussian Processes for
Parameter Estimation of a
Mite Population Growth
Model; An Inverse problem
Andy Balzer, Taming the
Rejean Leblanc, Counting the
Bay of Fundy: a statistical number of finite categories with
perspective on calibration
morphisms
of computer models

6:00 – 7:00 Pre-Banquet Mixer – Saint John Hilton
7:00 – 9:00 Conference Banquet and Student Prizes – Saint John Hilton, Loyalist Room

Network and computer access
During the conference, a WiFi connection with SSID MSCS2014 will be available.
SSID: MSCS2014
Password will be given at the conference.
Alternatively, UNB Saint John is on the eduroam system. Those with accounts at other eduroam sites can log
into our eduroam wifi. (Usernames are qualified with your home institution, e.g. owen@unbsj.ca.) The
following institutions are believed to have eduroam access: SMU, Dal, Acadia, StFX, UPEI, UNB (both
Fredericton and Saint John), and STU.
There are computer labs available on campus (IH102, IH105). To log into these computers, use the following
guest account:
username: sjguest
Password will be given at the conference.

Information for presenters
Our presentation rooms will have Windows computers with Acrobat Reader (for PDF presentations) and
PowerPoint.
For those bringing their own laptops, our rooms have video projectors. The only supported input is VGA. We
do not have HDMI, and Apple users will need to provide their own adapters.

Plenary Speakers:

Sedgwick Lecture: Dr. Manuela Veloso
Herbert Simon Professor of CS
Carnegie Mellon University

Symbiotic Autonomous Mobile Service Robots
We envision ubiquitous autonomous mobile robots that coexist and interact with humans
while performing tasks. Such robots are still far from common, as our environments offer
great challenges to robust autonomous robot perception, cognition, and action. In this talk, I
present symbiotic robot autonomy in which robots are robustly autonomous in their
localization and navigation, as well as handle their limitations by proactively asking for help
from humans, accessing the web for missing knowledge, and coordinating with other robots.
Such symbiotic autonomy has enabled our CoBot robots to move in our multi-floor buildings
performing a variety of service tasks, including escorting visitors, and transporting packages
between locations. I will describe CoBot's fully autonomous effective mobile robot indoor
localization and navigation algorithms, its human-centered task planning, and its symbiotic
interaction with the humans, the web, and other robots, namely other CoBots and Baxter. I
will further briefly present our research on multi-robot transfer planning, interruptible
autonomy, and on task knowledge learning from our speech-based robot interaction with
humans. The talk will be illustrated with results and examples from many hours-long runs of
the robots in our buildings.

The Sedgwick Lecture will be a public lecture on Friday, October 3rd at 7pm in Ganong Hall Lecture Theatre.

Blundon Lecture: Dr. John McLoughlin,
Faculty of Education
University of New Brunswick, Fredericton

Doing Mathematics Through Problem Solving and Problem Posing
Doing mathematics involves muddling around with ideas, getting stuck and unstuck as one
moves forward in resolving to continue or not along a path. Most students do not share this
perception of mathematics rather seeing mathematics as more formulaic and rigid. Problem
solving and problem posing offer a bridge between doing mathematics and teaching (studying)
mathematics. Elaboration of this theme will take various forms in the lecture, with particular
emphasis on examples of teaching problems suitable for undergraduate (and secondary
mathematics) classes. Examples of different ways of integrating problem solving and problem
posing will also be shared.
Teaching problems in my vocabulary refer to problems that are pedagogically effective. These
problems may illustrate the value of a particular approach to problem solving. It may be the
elegance of a solution or even a surprising “unsolvability” characteristic or hidden structural
similarities to familiar problems or counterintuitive results or ... Perhaps most surprising is
that one rarely recognizes a good teaching problem upon first sight. Rather our experiences as
solvers, teachers, or observers strike a chord awakening curiousity. The common element is
that something about a problem is perceived to be extraordinary, and hence, memorable.
Individually one works in a context with an experience that is personal. My teaching problems
will not be yours. The intention with this talk is to open avenues for discussion and ways of
seeing our teaching opportunities with a new lens toward reshaping mathematical perceptions
of students.
The Blundon Lecture will be taking place on Saturday, October 4th at 11am in Ganong Hall Lecture Theatre.

Field Lecture: Dr. Erica Moodie
Dept. of Epidemiology, Biostatistics &
Occupational Heath
McGill University

Dynamic Treatment Regimens: Quantitative Tools for the Personalization of Medicine
Personalized medicine is a medical paradigm that emphasizes systematic use of individual
patient information to optimize that patient's health care, motivated by heterogeneity in
patient response to treatments. While the increasing popularity of the paradigm within the
medical community seems natural, it is less obvious why a quantitative researcher would be
particularly interested in the topic. However, with the desire to tailor treatments in an
evidence-based or data-driven way, exciting new methodological challenges have been posed
that are often beyond the scope of traditional analytic tools. Consequently, there has been a
recent surge of interest among statisticians, computer scientists and other quantitative
researchers in this new area of research. In this talk, I will provide an overview of the progress
and challenges in dynamic treatment regimens, and point to areas of application where the
methods are most needed.
The Field Lecture will be taking place on Saturday, October 4th at 3pm in Ganong Hall Lecture Theatre.

Contributed Talks
Analogues of the Binomial Coefficient Theorems of Gauss and Jacobi
Abdullah Al-Shaghay, Dalhousie University
Two of the more well known congruences for binomial coefficients modulo , due to Gauss and Jacobi, are
related to the representation of an odd prime (or an integer multiple of the odd prime) as a sum of two
squares (or an integer linear combination of two squares). These two congruences, along with many others,
have been extended to analogues modulo and are well documented in the literature. More recently, J.
Cosgrave and K. Dilcher have extended the congruences of Gauss, Jacobi, and a related one due to Hudson
and Williams to their analogues modulo higher powers of . In this presentation we will have a look at the
methods used by Cosgrave and Dilcher and their application to more congruences for binomial coefficients.
Sequential design in noisy computer experiments
Kanika Anand, Acadia University
Computer simulators are large computer codes written to represent numerical models of real phenomena
that cannot be solved analytically. We consider problems where the objective is to identify values of inputs to
the computer simulator considered here with noise that maximize the output. The computer simulator itself is
often quite time-consuming to run, and thus we consider approximating it with a surrogate statistical model.
This talk discusses about the types of computer simulators and fitting surrogate models to 1 and 2 dimensional
computer simulators. Simulation results on two test functions are presented using a quantile based approach
for sequential design. A new surrogate model, a Bayesian ensemble of trees is considered to learn more about
the simulator and optimize it. An alternative approach to grid method, genetic algorithm for optimization, is
also explored for these two test functions.
Metric dimension of graphs and metric spaces
Robert Bailey, Grenfell Campus, Memorial University of Newfoundland
A resolving set for a metric space
is a subset
, chosen so that for any
, the list of distances
from to the members of uniquely specifies . The smallest size of a resolving set for a space is called its
metric dimension. In recent years, many papers have been written about metric dimension, particularly in the
case where is a finite graph, but also for spaces such as real hyperbolic space.
In this talk, we shall give a summary of recent work on resolving sets and metric dimension, focusing
primarily on distance-regular graphs, which are a natural class of graphs to consider.
Taming the Bay of Fundy: a statistical perspective on calibration of computer models
Andy Balzer, Acadia University
The Bay of Fundy is known worldwide for its high tides and strong currents. The topic of tidal energy in the Bay
of Fundy has been around for a while. More recent research has gone into placing turbines in the water that
will extract power in an environmentally conscious manner. Careful preparation is required before placing
these turbines in the water. So observations are taken. However, these observations can be expensive and
time consuming due to the physical nature of the Bay of Fundy. So simulations are set up to simulate these
observations. It is desired to improve these simulations. However, simulations can take days or weeks to run
and it is not feasible to run the simulation many times.
The goal presented here is to calibrate the simulation to match the observations taken in the Digby Neck
region of the Bay of Fundy. This involves a cycle of calibration that is iterated until the optimal parameter
values are found which will most closely match the observed values. The steps of this cycle are examined in
detail. The first step is to examine the data in its original form. Then a harmonic analysis is completed to
simplify the behaviour of the time series data. The formulation of a minimization problem is examined using
the resulting data. A Gaussian Process fit is used as an emulator that will predict unknown points with a

measurement of error. With this GP fit, Expected Improvement criteria is used to determine the next model
run point. This cycle of steps is repeated until optimal parameter values are obtained that will optimize the
simulation to best match the observations it is simulating. The validity of this result can be tested using
procedures like model validation. This presentation provides a method for improving one part of the
simulation to provide a better substitute for physical observations.
Finding Fast Matrix Multiplication Methods Using Genetic Algorithms; Part I
Kyle Bryenton, University of Prince Edward Island
Matrix multiplication is used in several applications of mathematics and it can be computationally expensive
to perform. German mathematician Volker Strassen showed that one may multiply together
matrices
with seven multiplications rather than eight. Furthermore, the existence of a lower limit of
multiplications
rather than , has been proven for the product of two
matrices. Despite this, faster matrix
multiplication methods are difficult to find. To answer: "How does one find faster matrix multiplication
methods?" the question must first be formed in the language of mathematics. By modelling the multiplication
method using linear algebra, one can create a function to express how close the formed method is to any
which computes the correct solution of the product of two matrices. In other words, one can measure how far
away from a proper solution any attempted method is. The question may then be solved as an optimization
problem.
(This topic continues in the talk to be given by Hayden VanIderstine)
Identities involving the Lucas functions and the Bernoulli numbers
Emma Carline, Dalhousie University
In a paper of 1957, R.P. Kelisky presents identities involving the Fibonacci numbers and the Bernoulli numbers.
Kelisky obtained these by multiplying certain generating functions. I will show how these identities can be
generalized to the Lucas functions in a similar way. Though Kelisky's identities are similar, some generalize
easily to the Lucas functions while others do not.
Investigation into the Exact Controllability of the 1-D Schrodinger Equation
Bradley Creelman, Acadia University
With technologies becoming sub-microscopic and ever-decreasing in size all of the time, the need to
manipulate and control these devices in regards to efficiency is crucial. This is the fundamental application of
control theory, and when the device gets small enough we must take into account the weird world of
quantum mechanics.
This talk discusses the idea of manipulating quantum systems through the lens of control theory and looks at
the exact controllability of certain 1-D potentials. We investigate by looking at a particular sequence of matrix
elements and the eigenvalues of the Hamiltonian associated with the given potential. In addition, the outlook
of what types of potentials might be exactly controllable is examined.
Self-similar Distributions with Uniform Marginals
Dylan Day, Acadia University
One way to understand multidimensional probability distributions is to view them in terms of their marginal
distributions and their copula, a distribution with uniform marginals that describes the underlying dependence
structure between the variables. In certain applications, such as financial risk modelling, these copulas have
complicated behaviour that is difficult to approximate with nice functions. One possible solution is to use selfsimilar distributions; these can often appear quite complicated and yet are completely described by a simple
method for constructing them, such as an iterated function system or a Markovian operator. This talk will use
both methods to produce parameterized familes of self-similar distributions that have uniform marginals and
thus can be used to approximate copulas.

Double Groups and Semigroups
Darien DeWolf, Dalhousie University
A double group (semigroup) is a set equipped with two group (semigroup) operations that are compatible in
the sense that they satisfy an additional property called the middle-four interchange law. In this talk, we will
show that double groups are essentially Abelian groups while there do exist proper double semigroups (i.e.,
those with two different operations). We will then explore the addition of different properties to double
semigroups and discuss how this affects the existence of proper examples.
Global Dimensions of Endomorphism Rings
Brandon Doherty, University of New Brunswick, Fredericton
The global dimension of a ring is defined as the maximum length of projective resolutions of modules over
the ring. In this talk, I first discuss background material concerning projective resolutions and AuslanderReiten quivers. This is followed by discussion of a method for computing the global dimension of the
endomorphism ring of a finitely generated Cohen-Macaulay module over a simple curve singularity. This
method, developed by Iyama and Wemyss (2010), uses a numbering scheme on the vertices of the universal
cover of the singularity’s AR quiver to compute approximations of a CM module’s indecomposable
summands, which can then be used to obtain projective resolutions of the simple modules over its
endomorphism ring. Results obtained after implementing this algorithm in Sage are also discussed.
The Geometric Quantization of a Focus-Focus System
Leah Duffett, Mount Allison University
The goal of this project is to find the geometric quantization of a focus-focus system. The focus-focus system is
named for the singularity it contains, called the focus-focus singularity. Such singularities arise in the phase
space of certain Hamiltonian systems (for example, the system of the spherical pendulum). The system is a
four-dimensional manifold which can be described in the form of a fibre bundle. The base space of this bundle
is a plane, and its ordinary fibres are tori. The focus-focus singularity arises in a singular fibre that takes the
form of a pinched torus, where the singularity is the pinch itself. While it is possible to have more than one
singularity on a fibre, this project focuses on the case where there is a single singularity. The system exhibits
monodromy around the singularity, meaning that similar cycles taken on tori over a cycle around the
singularity in the base space are not always consistent. Similar cycles in one of the directions on the torus will
be consistent, but when these similar cycles are taken on the other direction, a trip around the singularity in
the base space will find that the final cycle is different from the initial cycle.
Quantization is a process that takes a symplectic manifold and gives a Hilbert space. There are several
different quantization methods, one of which is geometric quantization. Geometric quantization uses the
geometric structure of the manifold to build the Hilbert space. Sheaf cohomology is one approach to finding
the geometric quantization. The sheaf cohomology can be found using Čech cohomology, which is the method
used in this project.
To find the Čech cohomology, a covering of the singular region was first constructed. Several versions of this
covering were considered, with a goal of finding a covering for which the results can be easily generalized for
finer coverings. The covering consists of 11 sets defined over 3 base space regions. In order for the covering to
fit together nicely with the monodromy, the sets over one of the base space regions shift as they travel around
the base space. Next, the covering was broken into 15 cases, where each case represents a configuration of
how sets on the fibres fit together. The contribution to the cohomology for each of these cases can be
calculated using a parallel transport technique, and partial results have been completed.
Learning to Reason in A Probably Approximately Correct Manner Using Machine Learning
Jane Gomes, Acadia University
This presentation will cover the idea of developing a representation for logical assertions (Boolean logic
functions) that can be learned from examples of the assertions. It is based on the L2R (Learning to Reason)

framework, which is concerned with learning a knowledge representation and doing deductive reasoning with
it. L2R takes a probabilistic approach on learning and reasoning where an agent only needs to answer
knowledge queries that are relevant to the environment in a Probably Approximately Correct (PAC) sense.
To achieve this goal an L2R system is constructed with a knowledge base (KB). The KB is restricted to a set of
Boolean functions. These functions in KB can be PAC-learned using the examples (i.e. the truth tables) of the
functions. Reasoning is abstracted as a deduction task of determining whether a query Q (a logical assertion
deducted from the functions in KB) is entailed by the KB. This is done by training the L2R model with examples
of the logical functions in KB and testing the model on the examples of Q. The L2R system is said to have
‘learned to reason’ if it can predict the truth values (TRUE or FALSE) for the examples of Q sufficiently (as
defined in advance). This is equivalent of saying the assertion ‘KB entails Q’ is TRUE.
A number of experiments have been conducted by far. We start with the assertion ‘KB entails KB’ to see if
the L2R system can learn a KB. Then we move on to ‘sub-KB entails KB’ (sub-Kb is consisted of all possible subqueries of KB), ‘KB entails sub-KB’ and eventually ‘KB entails Q’. Following is an example of KB that we used for
some of our experiments:
(A | ~B | ~C) & (~D | ~E) & (F | ~G | ~H) & (~I | J)
There are many possible sub-KB and Q expressions that can be deducted from the above KB. For this KB, an
example of sub-KB is: (A | ~B | ~C) & (~D | ~E), and of Q is: (A | ~B).
We also note the variation in learning for using different classes of logical functions, and different deduction
rules. The presentation will discuss the findings of these experiments, as well as the possible next steps to find
the right ingredients for constructing a representation for logical assertions.
Note on an Approximate Version of Specht's Theorem
Peter Graves-Akerley, Saint Mary's University
We study the problem of how far must the traces of unitary -by- matrices with disjoint spectra be. This
question is at the root of several recent partial answers to the question "When can we replace an exact
condition with an approximate one?" For example, it has been shown, that the equality in the classical Specht
condition for unitary equivalence can be replaced with closeness.In this work we show, among other things,
that for a fixed pair
of unitary -by- matrices with disjoint spectra there always exists a positive
integer such that the magnitude of the difference between spectra of
and
is at least √ . We also
show that the result is asymptotically optimal. This enables us provide some nice new answers to the above
question regarding approximate conditions as well as improve the numeric bounds on some previous answers.
The research is joint work with M. Bouthillier. It is a continuation of a project that started in the summer of
2013. We would like to thank M. Beattie and M. Mastnak for supervision and financial support.
Business Failure Prediction For Canadian Charitable Organizations using Data Mining Techniques
Zhouqin (Mary) He, St. Francis Xavier University
Business failure prediction has been a classic problem in the business community and a wide variety of data
mining techniques have become the new favorites of researchers in the field for their outstanding prediction
abilities. While majority of the researches focused on profitable corporations, few attempted to study the
charitable sector, especially in Canada, partially due to the lack of available data of this sector. However, this
study attempts to apply the existing data mining methodologies on a business failure prediction task aiming at
Canadian charitable organizations. Efforts are made to do the prediction with Decision Tree (DT) and Random
Forest (RF) methods by a comprehensive use of the panel data containing multiple explanatory variables
recorded for thousands of charitable organizations during a three-year period, given that these two
techniques are not originally designed for data sets with such complex dimensions. As a result, a novel
approach to handle time series attributes using DT and RF by measuring the Dynamic Time Warping (DTW)
dissimilarities between observations with respect to particular attributes is presented. In summary, promising
prediction results are attained with the best model, generated by the RF method, yielding an overall accuracy
of 96.35% and successfully identifying 80.94% of the vulnerable charities. Many interesting variables

concerning compensation or expenditure structure of charities are identified as important predictors by both
Decision Tree and Random Forest.
A Survey of Transfer Learning in Deep Learning Architectures
Xiang Jiang, Acadia University
One challenge facing the application of many machine learning methods in intelligent agents and robots is
that, the learner has access to only a few training examples for the primary task to be learned. It is important
to consider, how to leverage small amounts of data to achieve good generalization using data from related
tasks. Another challenge facing many machine learning methods is that, as the complexity of the model
increases, there is a corresponding increase in the number of training examples required, as well as the length
of training time expected. Preferably, instead of building the model from scratch, it would be desirable to
consider an approach, that uses the knowledge learned from a pervious task to help the learning of a new
task.
Transfer learning aims at using the knowledge of one or more task that is already learned to aid the learning
of a new task. With only a small amount of data available, transfer learning can help to improve the
performance of learning by providing an inductive bias which can generalize well beyond the observed
data.Deep learning refers to machine learning techniques that are able to learn hierarchical levels of features
or representations, which can efficiently develop representations that are very difficult to learn in shallow
architectures. Several features of deep learning, such as shared internal representation, hierarchical levels of
representation and learning from unlabeled data, make it well suited to transfer learning.
This presentation will provide a comprehensive survey of recent work on transfer learning in deep learning
architectures, including model adaption, latent learning, domain adaption, multitask learning, contextsensitive multitask learning (csMTL), hierarchical multitask learning and hierarchical-deep models. This
presentation will also present results of recent experiments that uses model adaption to produce better
supervised classification models. We conclude by suggesting areas of future work to advance the field.
Convergence to Steady State for a Degenerate Parabolic System of Relevance to Marine Ecology
Chris Keefe, Cape Breton University
This paper deals with a degenerate parabolic system having homogeneous Dirichlet conditions in a bounded
domain. We show that any positive solutions converge exponentially to the unique steady state if the
coefficients satisfy some specifications.
Accelerating Java on Multicore
Andrew Somerville, University of New Brunswick, Fredericton
The heart of executing Java applications is the Java Virtual Machine that provides a standard platform for
execution. With the ever increasing number of Java based solutions (languages, APIs, platforms) and the
number of processing elements in our devices, it is more important than ever to have efficient execution. In
partnership with IBM, the CAS-Atlantic research group at UNB Fredericton is working to improve the IBM J9
Virtual Machine for multicore platforms. In this talk I will give an overview of some research that is happening
and focus on one or two specific projects and the scientific challenges they face.
Weak Keys and Plaintext Recovery for the Dhall-Pal Cipher
Karen Korstanje, Mount Allison University
Cryptography – the study of secure communication – is largely concerned with the design and analysis of
ciphers: algorithms which take as input a message to encrypt (called a plaintext) and a secret key and return
an encrypted version of the plaintext (called a ciphertext).
This summer, my supervisor and I performed a cryptanalytic analysis of the Dhall-Pall Cipher (DPC),
introduced by Dhall and Pal in 2010. The DPC is a 128-bit block cipher based on a substitution permutation
network (SPN) structure. Due to their similar construction, it can be viewed as an 8-round variant of the

Advanced Encryption Standard (AES). However, the round function of the DPC features key-dependent
components not present in the AES.
A large set of keys render the DPC vulnerable to attack. These “weak keys” introduce significant flaws in the
key-dependent portion of the encryption algorithm. Through theoretical analysis and computational
verification, we were able to classify a non-negligible portion of the keyspace as weak. Armed with this
knowledge, we developed and implemented a number of attacks against the DPC - including two plaintext
recovery attacks - which exploit the vulnerabilities introduced by the use of a weak key.
The main flaw of the cipher lies in the linear transformation portion of its round function. The
transformation is highly regular, with an input byte only affecting the value of bytes to its right. This
transformation cannot provide the confusion of data values needed for secure encryption. There is only aspect
of the round function which can compensate for the regularity of the linear transformation: a swapping of the
two halves of the plaintext. However, this swapping is key-dependent, thus it only occurs in any particular
round depending on the value of the key. Should that swapping happen in few or no rounds, the regularity of
the transformation carries through the entire round function, and potentially all eight rounds of encryption.
Such a property leads to highly predictable output, which makes it easy for an attacker to glean information
about the original plaintext.
We designed a number of attacks which exploit situations where swapping occurs in few or no rounds. The
first set of attacks are distinguishing attacks, which allow us to differentiate between the output of the DPC
and that of a random bijection. Based on the success of these attacks, we designed two plaintext recovery
attacks. These attacks retrieve part or all of the original message from a ciphertext, provided it was encrypted
with a key from one of our classes of weak keys. The second of these two attacks can recover an entire
plaintext and is efficient enough to run in only a few seconds on a personal computer.
These attacks reveal critical flaws in the design of the DPC. Our work demonstrates that the cipher requires
significant review before it is suitable for use in any real-world application.
Counting the number of finite categories with morphisms
Rejean Leblanc, Mount Allison University
Category theory is a field of mathematics with a high level of abstraction. A category is a mathematical
structure made of objects and morphisms. These structures can be very useful tools to other areas in
mathematics or even other fields such as computer science. The objective of our research is to count the
number of finite categories with n morphisms.
To achieve this we have used various techniques in conjunction with MINION, a constraint satisfaction
solver. Previously, the count of finite categories existed for up to 6 morphisms, as seen on the Online
Encyclopedia of Integer Sequences. We have obtained counts for 9 morphisms and nearly all counts of 10
morphisms. This research has allowed us to make new conjectures on the behaviors of finite categories.
Comparative study of Hulthen potential
Tong Li, University of Prince Edward Island
Hulthen potential is one of the most important short-range potentials widely used in physics especially in
nuclear and particle physics, atomic physics, condensed matter and chemical physics. Unfortunately,the
corresponding Schrodinger equation with centrifugal term cannot be exactly solved in closed formand for
nonzero angular momentum, it is necessary to use approximation methods. In this study we look at different
approximations used for centrifugal term and compare their solutions and corresponding graphs. The purpose
is to determine which approximation gives the most fitting and accurate results.

Towards a New JDL model for Big Data Analytics in Multi-sensor Data Fusion for Smart Healthcare
Monitoring
Alireza Manashty, University of New Brunswick, Saint John
Integrating multiple sensor data in order to capture the information from a large set of sensors requires the
use of a data fusion model with many different levels. JDL model, which is a commonly used data fusion
model, was initially designed for military target detection. With the recent advancements in medical sensors
for healthcare monitoring, a new model is needed for fusing a number of sensor data to fuse the events
detected in the lower levels to use them in the higher levels and then linking with the legacy medical big data
already available. In this paper, a new JDL data fusion model for multi-sensor intelligent health care
monitoring is proposed. Compared to the predictive approach currently used in local multisensory analysis,
this approach can exploit the information already available about the clients to proactively react and prevent
emergency events. The proposed model uses complex event processing systems and also the semantic web to
fill in the gap between the previous JDL model and the current needs for multisensory data fusion in smart
health care monitoring.
Verification of the Operational Characteristics and Performance of a Muon Telescope
Keegan Marr, University of Prince Edward Island
A muon telescope has been assembled by placing two scintillation detectors face-to-face and has been
operated in time-coincidence mode. The angular resolution can be adjusted by varying the distance between
the detectors. This presentation will emphasize one aspect of testing the muon telescope, concerned with
Monte Carlo simulation of the telescope to model known characteristics of muons. Two other aspects of
testing will be also briefly be discussed: 1) Observations of cosmic ray muons with the telescope to compare
with the simulation, and 2) Preliminary muon tomography. The final goal is to have a highly versatile teaching
tool which can do a variety of radiation based experiments with muons.
Assessing Ergonomic and Postural Data for Pain and Fatigue Markers using Machine Learning Tools
Mariah Martin Shein, Mount Allison University
Machine learning approaches can be used to identify patterns in postural data that are indicative of workplace
fatigue and pain. Two classifiers, C4.5 and MICD, were used to find informative postural features for predicting
a participant’s fatigue and pain. The presence or absence of pain and fatigue was determined for each
participant based on surveys completed after each workstation session. The temporality of the data was
expressed by applying a rake (a staged difference in the time of the sample). Each feature was extracted and
tested on its own to determine how well a participant’s pain/fatigue could be determined with the
information contained in that one feature, with higher classification accuracy implying greater information
content. The frontal plane of the back was found to be fairly informative, with MICD outperforming C4.5.
Further analysis of appropriate rake lengths and C4.5-generated rules is proposed.
EASIK and View Updatability
Federico Mora, Mount Allison University
Easik is a Java based development kit for EA sketches. Easik allows graphical modeling of EA sketches and
views. This information can be converted to SQL code and then saved as a text file, or exported directly to a
database. Once exported, Easik supports interaction with the new database, which allows the user to
experiment with design decisions. As an extension, this project reviewed the synchronization between
sketches and their views. These changes directly dealt with view updatability and the well documented view
update problem as well as constraints and their interactions. Users may now safely manipulate data in views
while being held to a less restrictive standard than SQL’s view definition.

Science studies and the teaching of statistics
Jeffrey Picka, University of New Brunswick, Fredericton
Probability and statistical inference both consist partly of mathematics and partly of applied philosophy.
Current teaching of both subjects emphasizes the mathematical content over the understanding of what the
numbers mean (and do not mean). When philosophical issues are addressed, they are often addressed
informally or in terms of philosophies of science which were going out of fashion in the early 1950s. Recent
work from science studies (the history, philosophy, sociology, and rhetoric of science, engineering, medicine,
and the social sciences) can be used to create new resources for and approaches to the teaching of probability
and statistics. I will discuss what these are, and how they might be used at the high school, undergraduate,
and graduate levels of instruction.
Extending Cycles in 0-Block-Intersection Graphs of Balanced Incomplete Block Designs
Jonathan Poulin, Memorial University of Newfoundland
A cycle C in a graph G is called extendable if there is another cycle in G which contains all the vertices of C and
exactly one other vertex. A graph G is cycle extendable if all its non-Hamilton cycles are extendable. A
balanced incomplete block design with parameters v, k, and , written BIBD(v,k, ), is a pair D = (V, B) of sets,
where V is a set of v elements and B is a set of k-subsets of V -called blocks- such that each pair of elements of
V appears in exactly blocks in B. The 0-block-intersection graph of a design D = (V, B) is the graph whose
vertex set is B and in which two blocks are adjacent if and only if they do not intersect. An A1' cyclic ordering
of a BIBD(v, k, ) is a listing of the elements of its block set such that consecutive blocks do not intersect and
the last block does not intersect the first---such an ordering corresponds to a Hamilton cycle in the 0-blockintersection graph of the design and to a 0-intersecting Gray code for the design, and vice versa. We have
determined a bound for when the 0-block-intersection graph of a BIBD(v, k, ) is cycle extendable which
contains the case where the graph is Hamiltonian. We have also determined a polynomial-time algorithm for
finding cycles of any length in the 0-block-intersection graph of a BIBD(v, k, ) and when this algorithm is valid.
Existence of Weak Solutions to a Non-Linear Dirichlet Problem
Emily Rosta, Cape Breton University
In analysis, it is common to consider the existence of weak solutions to equations which involve the Laplace
operator. Often, the weak solutions to such equations live in Hilbert spaces, where results such as the RieszRepresentation Theorem can be easily applied to conclude existence of weak solutions (a well-known example
is the Dirichlet problem for Poisson's equation). Proving the existence of weak solutions when working outside
of a Hilbert space requires developing an entirely new set of techniques. In particular, my research has
focused on weak solutions that live in specific Sobolev spaces that are not Hilbert spaces but rather are
reflexive Banach Spaces. As such, I will begin my talk with a brief discussion of background material regarding
functional analysis on reflexive Banach spaces. This will lead us to Minty's theorem, the tool I used to conclude
the existence of weak solutions to my non-linear Dirichlet problem. Minty's theorem requires that an operator
possess four properties: monotonicity, boundedness, hemicontinuity, and almost-coercivity. I will discuss
these four properties in detail, making specific reference to the operator in my problem, which is an extension
of the p-Laplacian. The p-Laplacian has applications in many areas of the physical sciences, including the study
of ice dynamics (a particular example which I looked at during my research).
Other important discussion points will include defining what we mean by a "weak" solution. Using
knowledge of weak solutions, I will show how I was able to rephrase my research problem by defining a new
operator which provided a condition for identifying weak solutions. I went on to prove (using techniques
ranging from Holder's inequality to Lebesgue's Dominated Convergence Theorem) that this operator satisfied
the four conditions of Minty's theorem, which tells us that weak solutions to my non-linear Dirichlet problem
exist. This original result has been summarized in an existence theorem which I will state in my talk. My
conclusion can be applied to prove Sobolev inequalities on large sets, which is currently being carried out by
my supervisor Dr. Scott Rodney.

Tidal Model Validation in the Bay of Fundy
Jon Smith, Acadia University
Tidal modelling in the Bay of Fundy involves a very large volume of data, and performing comparisons
between simulated and observed ocean data has numerous approaches. I will explain my own approach to
this validation problem, involving a mix between ocean model validation standards defined by NOAA (National
Oceanic and AtmosphericAssociation) and additional variables for time series comparison. I will also be
demonstrating the use of both qualitative graphical analysis and quantitative analysis in determining model
performance. Further discussion primarily involves extension of the method to three-dimensional data, and
consolidation of the descriptive statistics into a single statistic for more streamlined model run comparisons.
Using Gaussian Processes for Parameter Estimation of a Mite Population Growth Model; An Inverse
Problem
Mark Thomas, Acadia University
In many cases, estimating the parameters of a complex computer model can be a difficult task. In this project,
we investigate an eleven parameter model for simulating population growth of European red mites whose
infestation of apple trees in the Annapolis Valley is of particular interest. We propose using a Gaussian Process
(GP) model as a statistical surrogate to the computer model and a sequential design scheme via optimization
of the expected improvement criterion in order to efficiently find the set of inputs that correspond to the
model response. The suggested approach then simplifies the parameter estimation problem to an inverse
problem of a function with a time-series response.
Skolem Labelled Graphs
Matt Trace, Acadia University
Skolem first introduced Skolem sequences in 1957 as a way of constructing Steiner triple systems. Then, in
1991, these sequences were looked at as a graph colouring problem.
Here it was shown that every graph can be imbedded in a skolem labelled graph. Later, both windminds and
ladders were studied. Over the course of my research I have been studying triangular snakes and stegosaurs.
Odd snakes are characterized by a string of odd cycles that each share a vertex with the neighbouring cycle.
Induction is used to prove that triangular snakes of any length can be Skolem labelled. This result is then
generalized to all odd snakes of any length.
A triangular stegosaur is a string of triangles, each adjacent to two other triangles, excluding the end ones,
by way of a single edge joining two of the verticies. An -th case labelling has been discovered for stegosaurs
of odd length, as well as those of even length congruent to zero modulo four. Stegosaurs of length congruent
to two modulo four are still currently being research, though significant progress has been made.
Stage-Wise Surrogate Modeling of Tidal Power Functions
Matthew van Bommel, Acadia University
The Minas Passage in the Bay of Fundy has the potential to generate significant power from in-stream tidal
energy turbines. A key factor in extracting this power is to determine the optimal locations for these turbines.
This process can be seen as finding the (2D) locations which optimize a sequence of (potential) power
functions. Gaussian Process (GP) models have been shown to be able to accurately approximate these
functions and, compared to using the simulator alone, significantly decrease the required number of computer
simulator evaluations. This talk will discuss a “stage-wise surrogate modeling” approach designed to
approximate the power functions using GP models and further decrease the total simulator evaluations
required to fit an accurate model at each step.

Finding Fast Matrix Multiplication Methods Using Genetic Algorithms; Part II
Hayden VanIderstine, University of Prince Edward Island
Matrix multiplication is used in several applications of mathematics, and it can be computationally expensive
to perform. The problem of finding fast matrix multiplication methods (ones that use few ordinary
multiplications) can be expressed as an optimization problem. As a result of the search space being too large
for an analytical approach we use genetic algorithms, which are algorithms for computational optimization
that are motivated by the biological concept of natural selection. Our techniques are effective in finding fast
matrix multiplication methods for 2x2 real matrices, and current work involves finding methods for 4x4 real
matrices and 2x2 complex matrices.
(This talk follows from the talk given by Kyle Bryenton)
A Flexible Programming Framework for Multi-Display Environments
Nikita Volodin, University of Prince Edward Island
Today, we are surrounded by interactive surfaces, including mobile phones, smart watches, tablets and large
touch screen displays. These new devices are changing the way in which we interact with computer
applications. However, most of these applications are only designed to work with a single device at a time.
This is largely because it is very difficult for application programmers to build applications that allow devices to
work together as part of a single application. This means there are many types of applications and many new
interaction possibilities that have not yet been fully explored. To address this problem, we have created a
framework for building multi-surface applications called WAMS (a Web Application framework for MultiSurface applications). WAMS reduces the complexity of building multi-surface applications by allowing
programmers to focus on application logic rather than on the underlying infrastructure that is needed to allow
surface devices to communicate and coordinate. In this presentation, we introduce WAMS, describe its
underlying technology and describe how it can be used to simply create powerful new multi-surface
applications.
Discrete Equidecomposability and Period Collapse
Yuhuai Wu, University of New Brunswick, Fredericton
We present new results in two topics related to Ehrhart theory: equidecomposability and period collapse.
First, we disprove a conjecture posed by both J. Kantor and T. McAllister that Ehrhart equivalence implies
equidecomposablility. We do so by producing two Ehrhart-equivalent denominator 5 triangles and then
developing an invariant to show that they are not equidecomposable. Surprisingly, there does exist an infinite
equidecomposability relation between these two triangles if we delete an edge. Also, we provide necessary
and sufficient conditions for equidecomposability in terms of a family of graphs associated to minimal
triangulations of a given polygon. In the other direction, we give an explicit formula for the Ehrhart quasipolynomial in terms of the interior and boundary points up to certain dilates of a polygon. Next, we observe a
general linear recurrence relation for the coefficients of the Ehrhart series and give a geometric interpretation
for this relation. Under some assumptions, we can do this geometric construction for denominator triangles
with period collapse
, which converts the period collapse problem into studying half-open rational
parallelograms whose discrete and continuous areas are the same. We close with some related conjectures
and problems.
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