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The State of Representing and Solving Games
Tuomas Sandholm, Carnegie Mellon University

Abstract. Game-theoretic solution concepts provide meticulous de nitions of how rational
parties should act. That has enabled humans to think rigorously about strategic interactions,
leading to game theory revolutionizing many elds such as economics, political science, and
biology. So far, game theory has mainly been used for reasoning by humans. The models have
therefore been quite stylized and coarse: small enough for humans to solve in their heads or by
paper and pen. The goal has been to draw insights from such models, which humans then
judiciously apply to the drastically more complicated real world. The boundaries of game
theory have thus been de ned by the limits of humans. However, many - arguably most -
important game classes lie beyond those boundaries. There is now another, more nascent, use
of game theory that goes beyond human intelligence. The game is computationally solved in
its full detail - or else in a large, faithful abstraction thereof - as opposed to solving a small,
stylized version to obtain insights for humans. Novel approaches, game representations, and
algorithms from the last 18 years have enabled game theory to advance signi cantly beyond its
traditional boundaries. | will discuss that state of the art. The talk is based on my
presentation at the December 2021 Nobel Symposium: 100 Years of Game Theory, and also
includes brand new results.



Ex Ante Fairness and Worst Case Analysis
Hervé Moulin, University of Glascow

Abstract: Initiated by mathematicians in the 1940s, the formal analysis of fair division
promptly attracted the interest of economists: what is a just allocation of scarce resources
between agents with di erent needs and tastes?; political scientists: how to distribute fairly
the collective decision power between the citizens?; and more recently computer scientists:
which tests of fairness are computationally tractable when they involve a very large number of
participants, e. g., on the internet?. A compelling message emerges from eight decades of
mathematical and empirical research: mechanisms distributing valuable resources (be they
commodities, decision power or computing resources) should always be evaluated from two
complementary viewpoints on fairness: Ex Ante and Ex Post. If | can compare the way the
mechanism treats me personally versus other participants, Ex Post fairness makes sure that |
have no grounds to complain, no convincing objection questioning the legitimacy of the
proposed solution. But ex ante, before the mechanism is implemented, | may have little or no
prior knowledge of the other participants who will compete with me for these resources: what
are the preferences guiding their choices, or is their behaviour dictated by other principles, is it
strategically sophisticated or crudely myopic, or even adversarial to me? Then | must pay
close attention to the worst case scenario where everything about them turns against me. A
key parameter is how much protection the mechanism o ers me in the gedankenexperiment of
the worst case: my guarantee is my worst case welfare, the higher it is, the lower the risk that
the other agents manhandle me, the safer it is to participate in - and abide by the outcome
selected by - the mechanism. The seminal discussion of cake-cutting by the mathematicians
Hugo Steinhaus and Harold Kuhn is about a canonical guarantee: how to divide a hon atomic
cake between agents with additive utilities in such a way that each participant can make sure
to eat a share worth at least 1/n-th of the total cake to her (n is the number of participants).
Later instances of guarantees underpin the fair division problem in the Arrow Debreu
microeconomic model, cost and surplus sharing in the cooperative game model, and more
recently the allocation of indivisible goods or bads. We discuss ex ante fairness rst in the
general collective decision problem variously interpreted as voting, bargaining or social choice.
Guarantees there come from the veto rights allocated to individual as well as groups of agents:
the proportional veto core gives more voice to minorities than the voting rules a la Condorcet
or even Borda, in so doing it eliminates the tyranny of the majority. The mathematical
model of guarantees is more interesting but much harder to crack when we allow compromises
by convex combinations of the nal outcomes, interpreted as lotteries, time shares, or the
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division of a xed budget. Veto rights still generate guarantees but so does the random
dictator rule: everyone gets a 1/n chance of selecting his/her best outcome. Vetoes and
random dictatorship can be combined in many ways and are, in a precise sense, dual of one
another. The veto guarantee is natural when we choose an expensive and long lasting
infrastructure project or a person to hold a position for life; the random dictator approach
makes more sense if we are dividing time between substitutable activities, or choosing a pair of
roman consuls. The last part of the talk turns to the fair division of a single homogenous
private commodity when preferences are not necessarily monotonic: say when coworkers share
a workload or investors distribute shares in a project. In this simple model the versatile
concept of ex ante guarantee suggests new ways to organize the division, and also opens
challenging new mathematical questions.
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Explainable Al via Semantic Information Pursuit
René Vidal, University of Pennsylvania

Abstract: There is a signi cant interest in developing ML algorithms whose nal
predictions can be explained in terms understandable to a human. Providing such an
explanation of the reasoning process in domain-speci c terms can be crucial for the adoption
of ML algorithms in risk-sensitive domains such as healthcare. This has motivated a number of
approaches that seek to provide explanations for existing ML algorithms in a post-hoc manner.
However, many of these approaches have been widely criticized for a variety of reasons and no
clear methodology exists in the eld for developing ML algorithms whose predictions are
readily understandable by humans. To address this challenge, we develop a method for
constructing high performance ML algorithms which are explainable by design. Namely, our
method makes its prediction by asking a sequence of domain- and task-speci c yes/no queries
about the data (akin to the game 20 questions), each having a clear interpretation to the
end-user. We then minimize the expected number of queries needed for accurate prediction on
any given input. This allows for human interpretable understanding of the prediction process
by construction, as the questions which form the basis for the prediction are specied by the
user as interpretable concepts about the data. Experiments on vision and NLP tasks
demonstrate the e cacy of our approach and its superiority over post-hoc explanations. Joint
work with Aditya Chattopadhyay, Stewart Slocum, Benjamin Hae ele and Donald Geman.
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Saddlepoint Approximations for Hawkes Jump-Di usion
Processes with an Application to Risk Management

Yacine Ait-Sahalia, Princeton University

Abstract: We propose a statistical model based on Hawkes processes in which large
nancial losses can arise in close succession serially as well as cross-sectionally. We derive in
closed-form saddlepoint approximations to the tails of prot and loss distributions, both
marginal and joint, and use them to construct explicit risk measure formulae that account for

the fact that a given bank's losses make it more likely that that bank will experience further
losses, and that other banks will experience losses as well. These closed-form risk measures can
be used for comparative statics, parameter calibration, and setting capital requirements and
potential systemic risk charges. (joint work with Roger J.A. Laeven)
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Skeletal models for two- and three-dimensional shape
understanding

Kathryn Leonard, Occidental College, Los Angeles

Abstract: Shape understanding - looking at a shape and intuitively understanding which
parts are, e.g., body, arms, legs, toes, and ears - is almost e ortless for humans. Training a
computer to understand shapes in a similar way, however, presents substantial challenges. This
talk will describe a useful mathematical shape model, the Blum medial axis (BMA), and
methodologies based on the BMA for automatically decomposing a shape into a hierarchy of
parts and determining the similarity between those parts. In 2D, we compare our automated
results to human perception data gathered from a massive user study, and also provide some
useful applications. Unfortunately, the BMA is notoriously sensitive to noise, which is
unavoidable in applications. To address this, we propose geometrically coherent approaches to
denoising that provide approximation guarantees for the shape boundary. Finally, because the
BMA also provides an interesting example of a Whitney strati ed set, we will explore some of
the resulting elegant mathematical constructions.
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Combined multiscale modeling and experimental study of
regulation mechanisms of shape and structure formation
during tissue development

Mark Alber, University of California Riverside

Abstract: The regulation and maintenance of an organ's shape and structure is a major
outstanding question in developmental biology. The Drosophila wing imaginal disc serves as a
powerful system for elucidating design principles of the shape formation in epithelial
morphogenesis. Yet, even simple epithelial systems such as the wing disc are extremely
complex. A tissue's shape and structure emerge from the integration of many biochemical and
biophysical interactions between proteins, subcellular components, and cell-cell and cell-ECM
interactions. How cellular mechanical properties aect tissue size and patterning of cell
identities on the apical surface of the wing disc pouch has been intensively investigated.
However, less e ort has focused on studying the mechanisms governing the shape of the wing
disc in the cross-section. Both the signi cance and di culty of such studies are due in part to
the need to consider the composite nature of the material consisting of multiple cell layers and
cell-ECM interactions as well as the elongated shape of columnar cells. Results obtained using
iterative approach combining multiscale computational modelling and quantitative
experimental approach will be used in this talk to discuss direct and indirect roles of
subcellular mechanical forces, nuclear positioning, and extracellular matrix in shaping the
major axis of the wing pouch during the larval stage in fruit ies, which serves as a
prototypical system for investigating epithelial morphogenesis. @ The research ndings
demonstrate that subcellular mechanical forces can e ectively generate the curved tissue
pro le, while extracellular matrix is necessary for preserving the bent shape even in the
absence of subcellular mechanical forces once the shape is generated. The developed integrated
multiscale modelling environment can be readily extended to generate and test hypothesized
novel mechanisms of developmental dynamics of other systems, including organoids that
consist of several cellular and extracellular matrix layers.
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Theories of Deep Learning
Clayton Scott, University of Michigan, Ann Arbor

Abstract: Over the past decade, deep neural networks have brought about major advances
in computer vision, natural language modeling, protein structure prediction, and several other
applications. These neural networks succeed despite having far more model parameters than
training data. Classical machine learning theory suggests that overparametrized models will
over t, and cannot explain deep networks' low generalization error. In this talk | will survey
recent theoretical developments that seek to better explain the performance of deep learning
models, and present new results on the generalization ability of quantized neural networks and
interpolating predictors.
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Clustering and Classi cation in Networks
Peter Mucha, Dartmouth College

Abstract.  Real-world networks are neither completely random nor fully regular, frequently
containing essential structural features whose identi cation can help better understand the
nature and purpose of a network. One common task is to seek out clusters in the data,
sometimes described as community detection. In other settings, one aims to identify key
network features in the data that might be used to classify whole networks, label nodes, or
predict missing edges. But many of these tasks require selecting features or parameters that
are not always obvious to experts in possible application domains. For example, the best use
of modularity-based methods includes setting a parameter to control the resolution scale. In
this talk, we demonstrate a variety of approaches for such tasks, with emphasis on best
practices with readily available software packages.
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Network geometry: from multiscale to ultra low
dimensional representations of complex systems

M. Angeles Serrano, Universitat de Barcelona

Abstract: Recent advances in network science include the discovery that hyperbolic
geometry captures the complex connectivity of real networks. Within this paradigm, we have
been developing model-based methods for exploring their multiscale nature and their intrinsic
dimensionality. More specically, we produced a renormalization group technique that
progressively coarse-grains and rescales networks, revealing a hierarchy of layers at di erent
resolutions. We found that the multiscale shells of real networks, such as connectomes of the
human brain, exhibit self-similarity across multiple scales. This symmetry is also evident in
the growth of some real networks, suggesting that evolution can be modeled by a reverse
renormalization process. In addition, geometric renormalization has practical applications,
allowing us to produce scaled down and scaled up replicas of real networks. Our results were
obtained by embedding real networks in two-dimensional hyperbolic space, but we have also
developed a method to infer their intrinsic dimensionality since there is not fundamental
reason to believe that it must be two. Our analysis has revealed ultra low dimensionality and
unexpected regularities across dierent domains, such as extremely low dimensionality in
tissue-speci ¢ biomolecular networks, close-to-three-dimensional brain connectomes, and
slightly higher dimensionality in social networks and the Internet.
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Fast and Powerful Minipatch Ensemble Learning for
Discovery and Inference

Genevera Allen, Rice University

Abstract: Enormous quantities of data are collected in many industries and disciplines; this
data holds the key to solving critical societal and scienti ¢ problems. Yet, tting models to
make discoveries from this huge data often poses both computational and statistical
challenges. In this talk, we propose a new ensemble learning strategy primed for fast,
distributed, and memory-e cient computation that also has many statistical advantages.
Inspired by random forests, stability selection, and stochastic optimization, we propose to
build ensembles based on tiny subsamples of both observations and features that we term
minipatches. While minipatch learning can easily be applied to prediction tasks similarly to
random forests, this talk focuses on using minipatch ensemble approaches in unconventional
ways: making data-driven discoveries and for statistical inference. Speci cally, we will discuss
using this ensemble strategy for feature selection, clustering, and graph learning as well as for
distribution-free and model-agnostic inference for both predictions and important features.
Through huge real data examples from neuroscience, genomics and biomedicine, we illustrate
the computational and statistical advantages of our minipatch ensemble learning approaches.
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Partial Di erential Equations of Quantum Mechanics
Israel Michael Sigal, University of Toronto

Abstract: In this talk | will describe key partial dierential equations of quantum
mechanics and condensed matter physics. | will review brie y the origins of the equations,
their properties and some of the recent results. | will also touch upon some open problems. No
preliminary knowledge of quantum mechanics is required. All needed concepts will be
introduced in the talk.
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Mechanistic Modeling of Complex Social Systems
Hiroki Sayama, Binghamton University, State University of New York

Abstract: Discovering patterns in experimental and observational data is an essential step
in any scienti c endeavor and has been dramatically accelerated by recent advances in data
science, machine learning, and Al. However, pattern discovery alone cannot complete the full
cycle of scienti c research. Mechanistic modeling complements pattern discovery and plays a
critical role in generating deeper understanding of and insight into the hidden mechanisms
that may have produced the observed patterns. While current trends of data science/ML/AI
research and applications focus primarily on the pattern discovery side (e.g., classication,
clustering, prediction), there is also a growing demand for knowledge, skills, capabilities, and
tools for mechanistic modeling. This is because many of our complex societal problems arise
with high uncertainty yet with very limited data available, and often require the exploration
and testing of numerous hypothetical scenarios, not for prediction, but for preparation. In this
talk, I will illustrate the importance of mechanistic modeling, especially when dealing with
complex societal problems, using examples from our recent work on (1) pandemic response
planning in early 2020 when COVID-19 hit our daily lives but no one knew much about the
disease, and (2) socio-political opinion dynamics modeling to explore alternative pathways for
society other than the currently dominant divide and polarization. | will also argue that there

is an urgent need for education and training in mechanistic modeling, in which systems
thinking and creativity play a key role.
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Supersingular isogeny graphs and orientations
Katherine Stange, University of Colorado, Boulder

Abstract: A supersingular isogeny graph is a graph whose vertices are supersingular
elliptic curves overF, (where p is typically a large prime in our context), and whose edges
represent isogenies of degrégtypically a small prime). Hard problems concerning path nding

in supersingular isogeny graphs form a basis for post-quantum isogeny-based cryptography. In
this talk, | will describe the structure of isogeny graphs of CM curves, and of oriented
supersingular curves, and their relationship to the structure of supersingular isogeny graphs. In
particular, the endomorphism ring of a supersingular elliptic curve is an order in a quaternion
algebra. Embeddings of imaginary quadratic orders into this quaternion order are called
orientations. Explicit knowledge of this endomorphism ring leads to well-known path nding
algorithms. In joint work, we develop classical and quantum algorithms for path- nding under
the assumption that only one endomorphism from this order is known (equivalently, one
orientation). In related work, we demonstrate a bijection between the cycles in a xed isogeny
graph and the cycles in the union of all CM graphs which cover it. As a result, we count the
cycles in the isogeny graph in terms of certain class numbers of imaginary quadratic orders.
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Kolmogorov Wiener Prize for Young Researchers

The isometric immersions problem: from perspectives of
PDE, geometry, and physics

Siran Li, Shanghai Jiao Tong & New York University

Abstract: We report our recent work on a classical problem in dierential geometry:
isometric immersions and/or embeddings of Riemannian and semi-Riemannian manifolds. The
underlying PDE is the system of Gauss-Codazzi-Ricci equations. Existence of isometric
immersions is studied under various curvature conditions, via elliptic and hyperbolic PDE
techniques. Weak continuity of isometric immersions is investigated with the help of the
theory of compensated compactness. Connections to other problems in mathematical physics,
including uid dynamics, harmonic maps, and Coloumb gauges, will be discussed. Our talk
contains joint work with Gui-Qiang Chen, Reza Pakzad, Armin Schikorra, and Marshall
Slemrod.
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The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

Title
On effects of delay in SEIR systems with a quarantine stage modeling COVII®
spread

A. Raz& 2

IDepartment of Mathematics, National College of Business AdministratioB@mbmics Lahore, Pakistan
2Govt. Maulana Zafar Ali Khan Graduate College Wazirabad, Punjab Higdecation Department, Govt. of Punjab, Lahore, Paki-
stan {alimustasamheema@gmail.com}

Delays in nonlinear infectious disease models reflect an important latency edfean tihdividual can become infectious be-
fore developing symptoms. Quarantine measures were an important tooléntprg the spread of the coronavirus infection, which
motivated the development of the nonlinear susceptible-exposeteitfguarantine-recovered (SEIQR) model. Delays naturally
appear when describing the influence of both susceptible grabex populations. First, a nonlinear delayed coronavirus pandemic
model is introduced. We show that it is well posed, and a solution stdlge imon-negative domain. Next, we find the equilibria and
study their stability using the Routh Hurwitz criterion, Volterra Lyapunoetions, and the Lasalle invariance principle. As usual, the
basic reproduction number has a crucial effect on the model: if theerus less than one, the spread of the disease has been con
trolled, while we get endemic for the reproduction number beiagter than one. The effect of the quarantine component on-the re
production number is investigated. In the delayed analysis of tdelpwee proved that the disease's transmission dynamics depend or
delay terms, which is also reflected in the basic reproduction number. Comsiputéations illustrate this dependency on the delay in
the system. The results were recently published in [1].

Referenes

[1] A. Raza, A. Ahmadian, M. Rafiq, S. Salahshour and M. Ferraranalysis of a nonlinear susceptible-exposed-infected-
guarantine-recovered pandemic model of a novel coronavirus eldl dffect Results in Physi¢21, 1, pp. 01-07 (2021).
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The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

A continuum space is the infinitely great

Q. Lit
1 ShiJiazhuang Traditional Chinese Medical Hospital, ShiJiazhuang, ,China,ligingliyang@126.com

Abstract An infinitely small quantity is defined as a one-dimensional quantity of finite length without the sizesef sp:
while an infinitely great quantity is reached by the superposition or accumulation of infinitely many fimitéieg)soy

the way of the change in direction. The change in direction indicates that there is a jump from a finitetquant
infinitely many finite quantities (infinitely great). The form of the manifestation of the infinifedat is one quantitative
continuum that cannot be operated by any algorithms and all parts of space we see is this one quantitative continut
Any value are this single quantitative continuum that indicates the infinitely great and compressest#igsudside

of it to nothing. As a result, the infinite exact value of a circumferential lerfiftiaé been obtained here.

References

[1] Q. Li ,A geomerty consisting of singularities containing only integeesearch Square. DOI: 10.21203/rs.3.rs-219046/v1(2021).
[2] A.Wiles , Modular elliptic curves and Fermat's Last Theor&mn. Math. 141,3,pp. 443-552(1995).

[3] J. Kahn and V. Markovidmmersing almost geodesic surfaces in a closed hyperbolic three mahifioltflath. 175,3,pp.1127-
1190 (2012).

[4] C .B6hm and B. WilkingManifolds with positive curvature operators are space fortms.Math.167, 3,pp.1079-1097 (2008).

[5] J. Cheeger and A. Nab&egularity of Einstein manifolds and the codimension 4 conjecume Math.182, 3,pp.1093-1165
(2015).
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Droplet dynamics driven by electrowetting

Ke Xiao? and Chen-Xu Wt

1 Xiamen University, China, cxwu@xmu.edu.cn
2 Wenzhou Institute, University of Chinese Academy of Sciences, China

Even though electrowetting-on-dielectric (EWOD) is a useful strategy in a wide array of biological and en-
gineering processes with numerous droplet-manipulation applications, there is still a lack of complete theoretical
interpretation on the dynamics of electrowetting. In this paper, we present an effective theoretical model and use
Onsager variational principle to successfully derive general dynamic shape equations for electrowetting droplets
in both overdamped and underdamped regimes. It is found that the spreading and retraction dynamics of a drople
on EWOD substrates can be fairly well captured by our model, which agrees with previous experimental results
very well in the overdamped regime. We also con rm that the transient dynamics of EW can be characterized
by a timescale independent of liquid viscosity, droplet size and applied voltage. Our model provides a complete
fundamental explanation of EW-driven spreading dynamics, which is important for a wide range of applications,
from self-cleaning to novel optical and digital micro uidic devices.
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Figure 1: Comparison of theoretical time-dependent (a) base ra®ljiend contact anglg, and (b) contact line velocity with those
measured in Ref [1]gy = 1654 is used for calculation.

References

[1] Q. Vo and T. TranContact line friction of electrowet-ting actuated viscous droplBtsys. Rev. B7, 063101 (2018).

[2] K. Xiao and C.-X, Wu,Droplet dynamics driven by electrowettirghys. Rev. EL056), 064609 (2022).
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Analysis of blood flow through multiple stenoses in a narrow artery

S. Kumat, R. Sharma, A. Singh

1 Dr. Bhimrao Ambedkar University, Agra, India skur@adbrau.ac.in
2 Dr. Bhimrao Ambedkar University, Agra, Indiashmi22sharma@gmail.com
8 Dr. Bhimrao Ambedkar University, Agra, India, ameai729 @gmail.com

A study of the effects of blood flow parameters in narrowraa$ having multiple stenoses is discussed here
In this work, blood is considered as a non-Newtonian Kuang-Ktlg fluid model, with no-slip conditions at
the arterial wall. In fact, the main properties of Khiid mod- el are that the plasma viscosity and ygttéss
play a very important role. These parameters make thi fumarkably similar to blood, however, when we
change these parameters the flow characteristics changecsigtijfi We have derived a numerical expression
for the blood flow characteristics such as resistance to blood Hmwd flow rate, axial velocity, and skin
friction. These numerical expressions have been solved by MAT2@H. software and dis- cussed graph-
ically. Furthermore, these results have been comparedNeititonian fluid and observation made that re-
sistance to blood flow and skin friction is decreased when blocithisged from non-Newtonian to Newtoni-
an fluid.

References

[1] G. C. shit, S. Maiti, J. C. Misr&ulsatile flow and heat transfer of blood in overlapping vibragititgerosclerotic artery: A
numerical studyMathematics and Computers in Simulatib66 pp. 432-459 (2019).

[2] S. Kumar, S. Kumar, D. KumaGomparative study of non-Newtonian physiological blood flow throluglelastic stenotic ar-

tery with rigid body stenotic arterzeries on Biomechanics, 34(4), pp. 26-41 (2020).

35



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

An Examination of Ranked-Choice Voting in the United States, 2004-2022
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From the perspective of social choice theory, ranked-choice voting (RCV) is known to have many aws.
(also referred to as instant runoff voting, the Hare method, the plurality elimination rule, etc.) can fail to ¢
Condorcet winner and is susceptible to monotonicity paradoxes and the spoiler effect, for example. The the
social choice literature has thoroughly investigated such aws for many decades; the empirical literature has
behind the theoretical, presumably because historically not much vote data has been available. RCV he
recent surge in usage in the US and consequently much more vote data has become available, allowin
investigation of empirical failure rates of RCV's various de ciencies. The de ciencies of RCV with which we
concerned are:

RCV can fail to elect the Condorcet winner.

« RCV is susceptible to the spoiler effect.

* RCV is susceptible to downward and upward monotonicity paradoxes.

* RCV is susceptible to the truncation paradox, the most extreme version of which is the no-show parz

* RCV is susceptible to compromise strategic voting.

The RCV winner can fail to secure a majority of the total votes cast.

We use a database of 182 American ranked-choice elections for political of ce from the years 2004-2
investigate empirically how frequently RCV's de ciencies manifest in practice. The de ciencies listed abov
occur only in elections without a majority candidate, and thus our database consists only of such electiol
general nding is that RCV's weaknesses are rarely observed in real-world elections, with the exception tha
exhaustion frequently causes “majoritarian failures” where the RCV winner does not secure a majority of tl
votes cast.

36



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada
DATE:

Fast solvers for centrosymmetric linear systems, applications to spectral method
C. Greif, S. Nataf, M. Trumme?

lDepartment of Computer Science, University of British Columbia, Vancouver, BC, Canada, greif@cs.ubc.ca
2Department of Mathematics, Simon Fraser University, Burnaby, BC, Canada, sarah_nataj@sfu.ca
3Department of Mathematics, Simon Fraser University, Burnaby, BC, Canada, trummer@sfu.ca

A matrix is centrosymmetrid it is symmetric about its centre. This class includes a number of important typs
matrices that arise in a variety of applications in computational science and engineering. In this talk we
structure—preserving LU-type factorizations for centrosymmetric matrices and use them for the numerical
of linear systems. For direct solvers we build on and extend existing algorithms and show that the factori
along with equilibration and mixed precision arithmetic speed up the computation and increase the acct
the solution. For iterative solvers we develop novel incomplete factorizations and use them as preconditio
Krylov subspace solvers. We apply these solvers to centrosymmetric linear systems arising from spectral
for PDEs.
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Portfolio Time Consistency and Utility Weighted Discount Rates
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Merton portfolio management problem is studied in this paper within a stochastic volatility model and non cc
time discount rate framework. This problem is time inconsistent and the way out of this predicament is to ct
the subgame perfect strategies. The later are characterized through a value function. A two stage apj
developed to nd the value function: in a rst step the utility weighted discount rate is introduced and charact
as the xed point of a certain operator; in the second step, given the utility weighted discount rate, the
function is found through solving a parabolic linear equation. Numerical experiments explore the effect
time discount rate on the subgame perfect and precommitment strategies.

38



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

The 0-1 Conjecture for polynoimals.
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Let c(x) is a monic integer polynomial with coef cients 0 or 1. Writéx) = s(X)b(x) wheres(x) and b(x)
monic polynomials with non-negative (not necessarily integer) coef cients. The 0-1 conjecture statg)th
andb(x) are necessarily integer polynomials with coef cients 0 or 1. Given a candgf®)ethis talk describes
an algorithm to either nd @(x) andc(x) such thab(x) has non-negative coef cients amfx) has coef cients 0
or 1, or (often) shows that suchcéx) andb(x) do not exist. Using this algorithm and signi cant computatior
effort, we provide support for the 0—-1 conjecture.
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In this article, we examined the dynamics of interactions between predators and prey in the refuge and ou
refuge, two distinct habitats. When the pressure of predation decreases, the prey emerges from its hidir
Predators interact with prey outside their protected refuge and may even kill them. Depending on hov
predators are there, the prey will shift to safe areas. It suggests that more prey will seek protection from pi
in the refuge region and that the prey will choose to stay outside the refuge areas when the number of p
is reduced. By allowing predator density to in uence prey velocity, we included predator and prey velocit
well as anti-predator behavior. Prey can reduce their velocities to avoid being attacked. We looked at anti-f
behavior and found that prey density rises with anti-predator behavior when either the predator or the prey"
increases. We demonstrated that, under speci ¢ circumstances, the coexisting equilibrium will be globally
and we discovered that there is saddle-node bifurcation at the coexisting equilibrium point.

Keywords: Predator-prey; Refuge; Fear; Velocities; Saddle node bifurcation.
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VIX Option pricing for non-parameter Heston stochastic local volatility model
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The Heston-Duprie model is a well-established stochastic local volatility model that offers a non-parameti
resentation. This model is known to closely match the implied volatility surface of options observed in the n
However, due to its non-parametric local component, Monte Carlo simulation is the only viable numerical n
for derivative pricing under this model. This paper proposes a novel willow tree method to replace Monte
simulation for pricing exotic options and VIX options under the Heston-Duprie model. We provide the cc
gence rate of this method and conduct several numerical experiments to demonstrate its accuracy and e
Our proposed method offers an alternative numerical technique that can enhance the computational ef ci
pricing derivatives under the Heston-Duprie model.
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Deep learning method for the complex system of American options
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The solution of the American options free boundary PDE model comprises the free (or moving) boundary
function and possibly, the Greeks. This options gives the holder of the option the right but not the obli
to exercise the options before the expiration. The objective of this talk is to solve the American options
with deep learning method which accounts for the value function, free boundary and the Greeks simultal
and more precisely. To this end, we rst x the free boundary and implement following transformation [:
described below

t=T t; x=1In V(St)= U(xt ): (1)

se(t)
V(St) is the original option value and(x;t ) is the transformed option value. In general, solving free bounc
PDE models as a free boundary problem with deep learning is relatively new. For ef cient implementation
deep learning method to the transformed American options model, we further normalize as follows:

Y= XHKmax (=1 =T, U(t ;X)= P(t;y): (2)

Hence, we present a normalized and non-linear xed-free boundary PDE model with discontinuous co-ef ¢
shown in (3)
!
TP(ty)  s? 12P(tyy) 1 s, Sit)  fP(t:y)

r — + rP(t;y)= 0O; > 0; 3
Tt 280 TV Xem | 2 Ts(t) Ay () Y )

with (t;y 2 [tmin; 1];[0;1]), tmin > O, andtin 0. Furthermores is the volatility, r is the interest rate anc
s?(t) is the derivative of the free boundary which is singular at pay-off. With the above normalization, w
now ef ciently implement our deep learning method. In this talk, we will discuss our proposed deep lec
method [1] which is based on implicit dual solution framework consisting of a novel auxiliary function anc
boundary equations. The auxiliary function enforces boundary conditions in approximate form due to tt
boundary, includes deep neural network output, and satis es the governing differential equation at the ex
To approximate the free boundary, we take advantage of some linear relationship between the free boun:
the value function at the left boundary and establish equations that we called free boundary equation
linear relationship represents the value matching condition in approximate form. Finally the validation
implementation and its further extensions are concluded.
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Ultrashortpulsed lasers have been widely applied in biology, chemistry, medicinecg@hgsaid optical
technology due to their high efficiency, high power density, minicodteral material damage, lower abla-
tion thresholds, high precision production ability, and high precision casftiwating times and locations in
thermal processing of materigly. Simulation of the micro/nanoscale heat conduction induced by wttash
pulsed laser heating has been attracting great attention. Paralwslentperature energy transport mofjl
is one of successful mathematical models for predicting phonon (lattiopgrature and electron temperature
in metal at the micro/nanscalehere energy is induced by ultrashpuised laser heating. As we are moving
towards the era of artificial intelligence, machine and deep learnihgitees are becoming an important tool
in engineering and science research.

In thistalk, | will presensome recently obtained research results in my group, which has been puhlished
International Journal of Heat and Mass Transf8f. We haveobtaired an artificial neural network (ANN)
method for solving the parabolic twemperature heat conduction equations in delaylered thin films ex-
posed to ultrashoftulsed lasersThe ANN method is developed based on the PINN method, particularly the
combination of the Adam optimization method and tHBAGS iterative method for optimizing weights and
biases. Na that the laser pulse duration is very short, only in thepgudsecond/femtosecond domain and
the norequilibrium heating stage is usually in picoseconds. Thus, randomly sampliteathimg points in
the entire domain for the ANN method will not quickly capture the behalidng the pulse, which may
cause the ANN solution to be inaccurate. To overcome this trouble, in thisngtugtart at a smalime inter-
val to obtain the ANN solution and then use the solution at the end ofntlditisne intenal as the initial
condition for the next smatime interval to obtain the next ANN solution. We continue this procedure from
one small time interval to another smidhe interval until the entire desired time interval is comple@ah-
vergence of the ANNolution to the analytical solution is theoretically analyZédally, the ANN method is
used to predict the electron and lattice temperatures in a guolgdilding on a chromium film when exposed
to ultrashort-pulsed lasers, which is based on the parabolic two tempdrasticonduction model.
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New analysis of FEMs for miscible displacement in porous media
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The talk focuses on optimal error estimates of FEMs for problems involving multi-physics elds, whicl
often described by nonlinear and strongly coupled parabolic/elliptic systems A question to be concerne
optimality of numerical approximations for each components involved in the physical system. For many p
models, existing analysis may not be optimal for certain component. A typical example given in this talk
incompressible miscible ow in porous media which has been widely used in many engineering areas, ¢
reservoir simulations and surface contaminant transport and remediation. The analysis done in the las
decades shows that classical Galerkin FEMs provide the numerical concentration of the aGfbfaéy hS)
in L?-norm [1, 2, 3]. This analysis leads to the use of higher order nite element approximation to the pre
than that to the concentration in various numerical simulations to achieve the best rate of convergence. +
this error estimate is not optimal. In this talk, we introduce our recent work on new analysis of Galerkin-Ge
methods to establish the optimierror estimat©(h™ *+ h* 1) from which one can see that the best converge!
rate can be achieved by taking the same ofder s) approximation to the concentration and pressure. Clei
Galerkin FEMs withr = sare less expensive in computation and easier for implementation. Numerical resu
both two and three-dimensional models are presented to con rm our theoretical analysis. Finally, we exte
analysis to Galerkin-mixed methods to obtain optimal error estimates for each components.
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In this manuscript, switched coupled system of nonlinear implicit impulsive Langevin equ
tions with two Hilfer fractional derivatives is considered. Using the techniques of nonlinear functiol
DERDO\VWLY ZH HVWDEOLVK DSSURSULDWH FRQGLWLRQV DC
type stability results of our proposed model, with the help @EaF KV IL[HG SRLQW WK

is provided at the end to illustrate our results.
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Lassa Fever (LF), caused by the Lassa virus, is an animal-borne disease endemic in some regions i
with a rodent called a natal multimammate rat as a natural reservior. It occurs more during the dry season v
bushes are dry and burned in preparation for the farming season, making the rodents move into human ha
food to survive. The rodents excrete their faeces and contaminate the environment making environmental ti
sion vital in Lassa fever transmission dynamics. Therefore, studying the contaminated environment's im|
Lassa fever is essential. This study used a deterministic model to examine the situation of Lassa fever tran
incorporating environmental transmission. First, the model's stability is established regarding the model*
reproduction numbeiRy. Further, the model implements the sensitivity analysis to identify the parameter:
fuel the Lassa fever spread using the Partial Rank Correlation Coef cient (PRCC) technique based on tF
hypercube sampling (LHS).

Keywords: Natal Multimammate rat, Lassa fever, sensitivity analysis, contaminated environment.
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The lack of upto-date, easily available flood risk data has slowed down Canadianpéstéo mitigate flood
damage, notwithstanding the substantial historical losses assbuidh frequent and devastating flood episodes. Tc
address this problem, we present a novel flood risk estimation framework. The pipebtremely modular and consists
of an advanced geographical pre-processing system, a probabilistic degpglebased marginal regional regression
model, an advanced hydraulic model, and a web-interface baseglatfaBn for zonal risk estimation and visualiza-
tion. The model is implemented on entire North America covering alt®h800 network groups and 1.9 million catch-
ments. There are 2 flavors of the model coarse-resolution (3tnhigh-resolution (1m where HRDEM is available).
The geographic pre-processing system include creation of topology of thanmit/eatchment network, DEM condition-
ing, LU/LC processing, for the hydraulic model. It also pre-proset®e location of the station, soil parameters, topo-
graphic variables, climate parameters for the input to the hydrologic model. Theedépd based probabilistic region-
al regression models relates an almost 130 catchment specifigpatream aggregated co-variates with the distributior
of the annual maximum discharge of almost 16,000 stations. This mddelhier used to infer the distribution and in
turn 15 quantiles/return periods (2-1500) of the discharge at all tlaigmd) locations. These discharge return period:
DUH WKHQ XVHG DV LQSXW WR WKH YROX®PHWRRE H® QRLBK TNV MWILPDW
flood maps for each catchment. The testing of the flood maps aghservations and govt. studies indicated good per
formance.
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In this talk, we present high-order state redistribution methods on embedded boundary grids. State
bution relaxes the overly restrictive CFL condition that results from arbitrarily small cut cells when explicit
steppers are used. We show how to stabilize both nite volume and discontinuous Galerkin spatial discreti
and take time steps that are proportional to the size of Cartesian cells in the background grid. State redis
works by post-processing the numerical solution after each stage or step of an explicit time stepping meth
advantage of this approach is that it does not require complex geometric manipulations. We solve a nu
test problems with smooth and shocked solutions that demonstrate the encouraging potential of this techi
applications on embedded boundary grids.
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The typical pricing models studied in academic settings are simple models with generally a single time
This has a consequence that the calculated volatility smiles are generic and actually never t real event
example of a nancial event introducing an additional time scale is earnings. More complicated situations a
announcements. The latter can involve multiple time scales, uncertain dates and asymmetric binary move
the underlying. Paradoxically, one consequence of the nature of biotech events is that they nevertheles
traded with ridiculously simple models. In this talk | will introduce and walk through a few illustrative exarr
of biotech events and how they might be monetized.
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The use of stochastic regression to separate signal from noise produced by Bio-FETs will be discu
this talk. The noise realized by BioFETSs interferes with quantitative and qualitative analysis, thus deter
optimal bandwidth associated with experimental Bio-FET data measurements is an important task. Pr
results suggest consistent across aspect rations and a choice of stochastic regression kernel function and:
appear to be good results.
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Shortcuts to adiabaticity provide fast protocols for quantum state preparation in which the use of aL
counterdiabatic controls circumvents the requirement of slow driving in adiabatic strategies. While their de
ment is well established in simple systems, their engineering and implementation are challenging in mar
gquantum systems with many degrees of freedom. We show that the equation for the counterdiabatic term,
lently the adiabatic gauge potential, is solved by introducing a Krylov basis. The Krylov basis spans the n
operator subspace in which the dynamics unfolds and provides an ef cient way to construct the countert
term. We apply our strategy to paradigmatic single and many-particle models. The properties of the cou
batic term are re ected in the Lanczos coef cients obtained in the course of the construction of the Krylov bz
an algorithmic method. We examine how the expansion in the Krylov basis incorporates many-body inter
in the counterdiabatic term.
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Dysregulation of potassium is a common and dangerous side effect of many pathologies and medi
Potassium homeostasis is primarily mediated by (i) uptake of potassium into the cells via the sodium-pot
pump and (ii) renal regulation of urinary potassium excretion. Due to the importance of potassium in ¢
function and the daily challenge of undergoing variations in potassium intake, mammals have evolved
regulatory mechanism to ensure proper balance of potassium levels in the extra- and intracellular uids.
processes are complex and are not completely understood. In this project, we developed a compartment
of extra- and intracellular potassium regulation including known feedforward and feedback mechanisms.
vestigate the impact of individual regulatory mechanisms on potassium homeostasis, we conducted and i
simulations for a single meal and potassium loading or depletion over multiple days with and without dif
feedback and feedforward mechanisms. Additionally, we investigated a hypothesized muscle-kidney cross
nal. Model simulations revealed that a muscle-kidney crosstalk signal is necessary for physiological hom:
recovery after a period of potassium loading or depletion. Using our mathematical model, we were able to
the multi-factorial mechanisms involved in potassium regulation by studying individual impacts of the feedfc
and feedback mechanisms on potassium homeostasis.
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Figure 1:Flow chart depicting the compartments of our mathematical models of potassium regulation. Pointed arrows intdicate
tion, blunted arrows indicate inhibition. GI: gastrointestinal, Interstitial: interstitial uid, ICF: intracellular uid, ECF: extracellular ui
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Quantum experiments are performed in noisy platforms. In NISQ devices [1], realistic srsetups can be de
by open systems or noisy Hamiltonians. Starting from a generic noisy HamiltddianHo+ =~ 2g %L, we go
beyond the noise-averaged density matrix by introducing the concept of stochastic operator variance (¢
an observabld, namelyDAZ = hA%i h Ai2. The SOV [2] is an operator that characterizes the deviation of
operatorAt from the noise-averaged operator in a stochastic evolution governed by the Hamiltonian, as illu
in Fig. 1. As such, it is relevant in the quantum simulation of open systems using NISQ devices, e.g., to e
a given dissipative evolution.

Surprisingly, we nd that the evolution of the noise-averaged varia@éé,: e Tt[,&(2)] (e- Tt[Ao])z, relates
to an out-of-time-order correlator (OTOC), which connects uctuations of the system with scrambling. Inde
1dTr(DAY) _ 20— o 2o .
N a - AGhAGR) ét: (1)
where the exponential behavior holds only in systems with scrambling over the appropriate period. Impc
this connection may allow computing the Lyapunov exponent and experimentally access OTOCs without tl
to invert the sign of the Hamiltonian. We illustrate the SOV-OTOC relation in a stochastic generalizat
the Lipkin-Meshkov-Glick (sLMG) model undergoing energy dephasing, where the action of noise chan¢
stability region compared to the noiseless LMG [3]. Our results can be used to elucidate quantum chaos
systems and benchmark NISQ devices.

Figure 1: left: The SOV-OTOC relation. lllustration of the connection between the stochastic operator vari
(SOV) and the out-of-time-order correlator (OTOC). right: Lyapunov exponent of the classical SLMG model
saddle point (a) for different values of the noise strerggéimd (b) over the phase diagram.
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In this talk, we consider a plant virus propagation model with vector preference and latent periods il
the plant host and insect vector populations. We assume that the virus affects the behavior and move
the insect vectors, and that there are time lags to become infectious that occur both within the plant h
insect vector after exposure to viruses. Hence, the resulting model is a system of delay differential equatic
Beddington-DeAngelis type incidence rate and two discrete time delays to re ect, respectively, the insect
preference and the latent periods. We rst compute the basic reproduction number [1] of the system and |
existence conditions of the disease-free equilibrium and the endemic equilibrium in terms of this numbe
results show that only the disease-free equilibrium exists when the reproduction number is less than one, v
endemic equilibrium only exists when the reproduction number is greater than one. Using the time delays :
parameters, in the former case, the disease-free equilibrium is shown to be absolutely stable. That is, it is
asymptotically stable for any positive values of the time delays. Meanwhile, in the latter case, we show tl
endemic equilibrium can switch stability, possibly multiple times, when Hopf bifurcation occurs. We then illus
these results in the two-parameter space using numerical continuation [2] to gain more insights on how th
periods affect the dynamics of the system. We also examine the effects of one of the saturation-rate pa
which is not considered in previous works [3]. This saturation constant due to healthy plant hosts is in\
related to the reproduction number, and so the intuitive approach is to increase the value of this parameter
to lower the reproduction number. Our analysis in the two-dimensional parameter space shows a better per
on the dynamical behavior of the system when we vary the value of this saturation constant but the repro
number remains larger than one.
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Genetic mutations play an important role in the evolution and spread of viruses. These genetic variatic
lead to the emergence of new variants, thereby posing signi cant challenges in formulating effective pre
measures, therapies, and vaccines. In uenza is caused by a spectrum of respiratory infectious viruses tha
constant mutations, resulting in different strains every year. Consequently, developing a new vaccine e
becomes an absolute necessity. Here we utilize a SIR-type indexed by strains in a discrete circular space tc
the temporally recurrent strain-speci ¢ prevalence patterns as a consequence of genetic drift, due to the €
through point mutations in the viral genome. We use a nite-dimensional ring-shaped antigenic strain spe
consider the existence of rotating waves of in uenza strains using bifurcations with symmetry.
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Brown and Myers studied the family of curvgs= x® x+ n?, and proved that any such curve wjthj > 1 has
rank at least 2. We will discuss how this starting point has led to an ongoing investigation into a much large
of curves with rank at least 2, along with the existence of curves in this family with remarkably large ranl
the rationals. In the second part of the talk, we will describe a method to compute sets of four coprime pc
numbers in arithmetic progression using elliptic curves, settling a question of Erdos.
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Quantum information processing uses quantum resources such as entanglement and coherence to achieve tasks
that are difficult or impossible to perform using classical information processing [1]. Thus coherence and entan-
glement are considered quantum resources [2]. Errors from a noisy environment can degrade these resources.
For quantum states, and quantum computing, there are quantum error correcting codes that are able to correct the
quantum states by encoding quantum information and then detecting and correcting errors on the code. But how
does one correct a quantum resource? To recover a quantum resource, one need not correct the state back to its
original form. It is only necessary that the amount of the resource be the same before and after being affected by
noise. This implies a different objective, one which allows different encoding, detection and recovery methods. In
the case of coherence, this freedom will be discussed along with methods to correct the coherence of a quantum
system to restore the amount of coherence. Examples of these methods will be also be given. These methods indi-
cate that coherence can be retrieved without the need for full error correction. This saves computational resources
such as quantum bits and quantum gates.
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Compressible uid ows in permeable media have broadly been experienced in numerous computationa
lations in science and engineering regions, e.g., seawater interruption into coastal aquifers, groundwater
environmental assurance, dangerous waste dumping, and oil recuperation within the supply. The reason
acting uid ow in permeable media is to evaluate contamination transport, seawater interruption and cc
contamination expectation, subsurface toxin transport and remediation, and in numerous other applicatic
imperative to completely recognize the overseeing physical behavior of stream and transport in permeable |
plan effective remediation procedures. In this work, we develop an optimization control of groundwater po
subject to the nonlinear multi-component pollution ows in porous media. The optimization objective fun
is considered as the overall effects due to pollution at observation sites and the costs of emission redu
the source piece's locations. The system of nonlinear ow and multicomponent transport PDESs are solvec
improved-upwind splitting nite difference method. Then the simulated results are used in the optimization
lem which is solved by the differential evolution (DE) optimization algorithm. The main purpose of the poll
optimal control problem is to nd optimal injection rates which minimize the difference between the simu
concentrations and allowable observed concentrations at observation sites and the overall abatement cos
ical experiments will be given to show the performance of the developed model and algorithm.
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Vanishing of twisted L-functions of elliptic curves over function elds
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Let E be an elliptic curve over the rationals, andd¢ebe a Dirichlet character of ordérfor some odd prime

Heuristics based on the distribution of modular symbols and random matrix theory have led to conije
predicting that the vanishing of the twistéefunctionsL(E;c;s) ats= 1 is a very rare event (David-Fearnle)
Kisilevsky [1, 2] and Mazur-Rubin [5, 6]). In particular, it is conjectured that there are only nitely many chara
of order” > 5such that(E;c;1)= 0fora xed curveE.

We investigate the case of elliptic curves over function elds. For Dirichktinctions over function elds,
Li [4] and Donepudi-Li [3] have shown how to use the geometry to produce in nitely many characters of
* 2 such that the Dirichlét-functionL(c;s) vanishes as = 1=2, contradicting (the function eld analogue of
Chowla’s conjecture. We show that their work can be generalized to constant &rvgd), and we show that
if there is one Dirichlet character of order™ such thatl_(E;c;1) = 0, then there are in nitely many, leading t
some speci ¢ examples contradicting (the function eld analogue of) the number eld conjectures on the van
of twistedL-functions. Such a dichotomy does not seem to exist for general curve§gerand we produce
empirical evidence which suggests that the conjectures over number elds also hold over function elds fo
constanE=F(t).
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In an attempt to explore the possibilities of parameters produced through the construction in [1] and |
authors constructs codes from ber products of curves that appear in [2]. The construction is as follows:

Given an equatiorf(x;y) = 0 de ning a curve over the nite eldFg, consider the curve¥; andY, de ned
by f(yo;y1) = 0 and f(y2;yo) = O respectively. These curves both have projections ontggleeordinate. We
then take the ber product of the curves above this projecor Y1 y Yo. LetB Y (Fq) be the set of points
unrami ed over the projections onto tlyg- andy,-coordinates. The data being encoded under this constructi
polynomials inyo; y1;y> whose degrees are limited so that the evaluation map &asgnjective and the degree
of y; andy, are limited so that polynomial interpolation can be used to restore them if a value is lost. The en
is similar to that in the Reed-Muller code, this time limiting the evaluation points to thd3e in

The purpose of this construction is that there are two axes along which restoration of a value can beFdo
is an encoded polynomial a2 B such that the value d%(P) is lost or corrupted, then the sets

Bip = P2 B : yi(P) 6 yi(PY andy;(P) = y;(P° 8j 6 ig 1)

fori = 1;2 can both act as recovery sets for the missing data. Thus if two pieces of data in the same reco
are lost, they can be restored by their other recovery sets.

For these codes, often the dimension relative to their size is beyond the useful complexity, as of now
effort to further understand possible dimensions and rate, we explore more examples of these objects.
cases the dimension and size parameters are slightly better for the new codes in comparison to the old ol
comparing across xed base elds.
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Simulation based exploration of the effect of ultrasound-indced mechanical
stress on biofilm response to antibiotics
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Bacterial biofilms carlead to chronic infections, increase tolerance to aniilsiaind disinfectants, re-
sistance to phagocytosis, and other components of the body's:iésystem. Biofilm formation is implicated
in the persistence of staphylococcal infections and chifésgtidomonas aeruginodang infections in cystic
fibrosis (CF) patients (which can result from biofilm-growing mucoidasts). Conventional treatments utilize
aggressive antibiotic prophylaxis/therapy to prevent/elimibaiglms, followed by chronic suppressive ther-
apy. Recently, the use of enzymes to dissolve the biofilmxna#s investigated, in addition to quorum sens-
ing inhibitors to increase biofilm susceptibility to anditiés. In this study, we propose a novel strategy, utiliz-
ing ultrasound-induced inertial cavitation, to increase aniibgificacy. The wall shear stress at the biofilm
interface is calculated, and viscoplastic constitutive equatoa used to examine the biofilm response to the
mechanical stress. Our simulations suggest that the maximurnmbagfiachment occurs at high pressure/low
frequency, and the mechanical disruption can affect thehbinical processes inside the biofilm resulting in
vulnerability to antibiotics.
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We consider a class of rst order Mean Field Games, where the state associated with each player evolves a
to an ODE which is linear w.r.t. the control. Existence, uniqueness, and stability of solutions are studie
the point of view of generic theory. Within a suitable topological space of dynamics and cost functional
proved that, for “nearly all* mean eld games (in the Baire category sense) the best reply map is single
for a.e. player. As a consequence, the mean eld game admits a strong (not randomized) solution. Exam
given of open sets of games admitting a single solution, and other open sets admitting multiple solutions.
examples show the existence of an open set of MFG having a unique solution which is asymptotically stak
the best reply map, and another open set of MFG having a unique solution which is unstable. Finally, an €
is given of a MFG with terminal constraints which does not have any solution, not even in the mild sens
randomized strategies.
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We consider a scalar linear mixed differential equation with several terms, both delayed and advance
ments and a bounded right-hand side

X+ & b)) = (0):
k=1

Assuming that the deviations of the argument are bounded, we present suf cient conditions when there

unique bounded solution on the positive half-line. Explicit tests for a bounded solution of a homogeneous e
to decay exponentially are obtained. Existence of exponentially decaying solutions for this class of diffe
equations is studied for the rst time, and we illustrate sharpness of the results with examples. We show !
standard approach when convergence of all solutions is stated does not work for mixed equations; in additi
exponentially decaying, there may be a growing solution. All the coef cients and the mixed arguments are as
to be Lebesgue measurable functions, not necessarily continuous. Though the equation is linear, some p
as well as the methods applied, are more typical for nonlinear models, for example, xed-point theorems a
in the proofs. The results are to appear in [1].
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Parameter Estimation of Hodgkin-Huxley Model: A Comparative Study of
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The Hodgkin-Huxley (HH) model is a well-known mathematical model for the generation and propagat
action potentials in neurons. However, determining certain parameters of the model involves a tedious com
of experiments and data tuning, and there is often signi cant uncertainty in their values. Parameter estimi
the HH model has been an active research for several decades, and various optimization techniques h
used including metaheuristic algorithms. These methods have been successful in nding parameter value
experimental data well, but they can be computationally expensive and may require signi cant expertise t
More recently, Arti cial Neural Networks (ANN) have been applied to parameter estimation of mathem:
models, and it has the advantage of being able to handle noisy and incomplete data, which can often provi
and more accurate results than traditional optimization methods. In this research, we propose an ANI
approach for parameter estimation in the HH model, which employs a deep learning architecture that is
on a large voltage-clamp type dataset with corresponding HH model parameters. We intend to demonst
the ANN can ef ciently estimate the HH model parameters for a given set of data with minimal comput
effort after completion of the training process. We focus primarily on the ANN method and aim to demonsti
superiority over the metaheuristic approaches such as Genetic Algorithms, Differential Evolution and Sin
Annealing, in terms of computational ef ciency and accuracy.
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We consider a neural eld model which consists of a network\iifson-Cowan nodes with homeostatic a
justment of the inhibitory coupling strength and time deldyexcitatory coupling:

: . R
tedf = E+ @Y, WEE So(n)E(® t)dt WE);
ndho= i+ F(WEE; M
El
twi- = W(E p);

HereE; is the activity of the excitatory populatiof, is the activity of the inhibitory population, anifE! is the
homeostatically adjusted inhibitory to excitatory weignttheit" node.We is the xed excitatory to inhibitory
Weight,V\/i}EE > 0 are the ( xed) excitatory weight > 0 is the set-point for the excitatory weights and the 0
are the population time constants. The functfqn) is the activation function which we take to be logistic. Tl
functiong(:) is a delay distribution kernel which is positive and norrpedi to 1.

Without time delay, the system has been show to exhibit natachics including mixed-mode oscillations ar
chaos. We show that small delays can be either synchrorzidgsynchronizing, depending on the structure of
connectivity matrix. To study this further, we explore thegfibifurcations induced by the excitatory coupling, tl
connectivity structure and the delay. We show that thesdezahto different patterns of phase-locked oscillatiol
either synchronized or desynchronized. Finally, we show imberaction between different Hopf bifurcations c:
lead to complex solutions, such as intermittent desyndébation. See Figure 1.
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Figure 1:Solution exhibiting intermittent desynchronization. Gals correspond to excitatory activity in different nodes.
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The time-dependent advection-diffusion equation on deforming domains is given by
ftu+a Nu nRu= f: X = (X5 %) 2 D(t); t 2 (0;TY; (1)

whereu is the quantity of interest, for example, a concentration or a temperatige d-dimensional ow eld,
which we assume is such thak « py = O(1), n a positive diffusion parameteX = ( Ty,;:::; T,), andD(t) R
is a time-dependent domainddimensionsd = 2;3).

To facilitate the discretization of eq. (1), it is useful to introduce the space-time formulation of the adve
diffusion equation. This is done by introducing the space-time doBainf (t;x) : x2 D(t); 0<t< Tg R4
the space-time ow elda=( 1;3), and space-time gradieNt= ( T;;N). We can re-formulate eq. (1) then as:

a Nu nR°u= f: (t:x) 2 E: (2)

This equation resembles a “stationary” advection-diffusion problexd in 1)-dimensions which we discretize
simultaneously in space and time, by a hybridizable discontinuous Galerkin (HDG) method [1].

We rst introduced the space-time HDG method for eq. (2) in [1]. The well-posedness and error anal
this discretization was presented in [[3] for suf ciently large diffusion parametemn this talk | will present a
new analysis that demonstrates that the space-time HDG method is also suitable for advection dominatgd
ow problems.
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For hyperbolic systems of conservation laws in one space dimension, a general existence-uniqueness
now available, for entropy weak solutions with bounded variation. In several space dimensions, however, i
unlikely that a similar theory can be achieved.

For the 2-D Euler equations, various numerical simulations will be presented, for incompressible as
compressible ow, indicating the existence of two distinct solutions for the same initial data. These appe:
“simplest possible” examples of Cauchy problems admitting multiple solutions. Typically, one of the sol
contains a single spiraling vortex, while the other solution contains two vortices.

Some theoretical work, aimed at validating the numerical results, will also be discussed.
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A Lower Bound for the Area of the Fundamental Region of a Binary Form
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Let

Ju
F(xy)= O(dx  ay)
k=1
be a binary form of degree 1, with complex coef cients, written as a productmfinear forms inC[x;y]. Let
n q . - - .
he= QO jg®+ jdg?
k=1

denote thdneightof F and letA: denote the area of tHandamental regioD g of F:
De= (xy)2R%jF(xy)] 1 :

We prove thahﬁ:”AF 21+(r=0) p wherer is the number of roots df on the real projective lin&P?, counting
multiplicity. In the case when= 0 this inequality is sharp and can be attained by the fagg(x;y) = (x iy)".
However, asF varies over all forms of degreewith r > 0 roots onRP!, we believe that it can be improvec
We present a conjecture about the correct lower bound and provide computational evidence in suppor
conjecture.
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DSTree: A spatio-temporal indexing data structure for distributed networks
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The widespread availability of tools to collect and share spatial data enables us to produce a large amount o
geographic information on daily bases. This enormous production of spatial data requires scalable data man
agement systems. Geospatial architectures have changed from clusters to cloud architectures and more parall
and distributed processing platforms to tackle these challenges. Peer-to-peer (P2P) systems as a backbone of t
distributed systems have been established in several application areas such as web3, blockchains, and crypt
currencies. Unlike centralized systems, data storage in P2P networks is distributed across network nodes, prc
viding scalability and no single point of failure. However, managing and processing queries on these networks
have always been challenging. In this work, we propose a spatio-temporal indexing data structure, DSTree (Se
Figure 1), that works on top of the distributed InterPlanetary File System network. DSTree does not require ad-
ditional Distributed Hash Trees to perform multi-dimensional range queries. Inserting a piece of new geographic
information can only cause an update of only a portion of the tree structure and does not impact the entire date
graph. For example, for time-series data, such as storing sensor data, the DSTree performs better. Despite tt
advantages of our proposed framework, challenges remain. We conclude that more signi cant research effort from
GlScience and related elds in developing decentralized applications is needed. One requirement is the need fo
the standardization of different geographic information when sharing data on the IPFS network.
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Figure 1:An example of DSTree Constructed from a set of sample points. Each DSTree has a temporal (Interval-tree) component and a
spatial (quad-tree) component. The nal graph will be a stack of quad-trees on top of each other.

Keywords: spatio-temporal indexing, temporal topology, query procesdirgS, distributed systems, smart
contracts, blockchain
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Many-body State Preparation in a Jaynes-Cummings Lattice
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Preparing qguantum many-body states is a challenging tasikgmeered systems like quantum simulators ¢
adiabatic quantum computers. Despite signi cant progiesgeveloping various approaches such as adiab
quantum evolution, quantum shortcut methods, quantumepbstimation, variational quantum eigensolvers, &
open system approaches, generating the desired many-tadey with high delity remains dif cult. This is due
to barriers such as the lack of prior knowledge of the engpggtsum and the rapid decrease of the energy gap \
system size. Additionally, many-body states in stronglyrelated systems are often highly entangled, makin:
impossible to create them using preprogrammed quantura gzges.

Our objective is to examine various methods for generatiagy¥body ground states in a Jaynes-Cummir
(JC) lattice and compare their effectiveness. In JC latfiserongly correlated polaritons can undergo quant
phase transitions between Mott-insulating and super uidges when the lling factor is an integer [1, 2, :
4, 5, 6]. However, to observe these transitions, it is nergs® inject polariton excitations into the JC lattic
and prepare them in the appropriate ground states. JCekttign be implemented in practical devices suct
superconducting quantum devices and defects in optic#tiemvmaking them ideal for testing different metho
for many-body state preparation. We focus on two approacaeoptimized adiabatic method and a quantt
optimal control method. The optimized adiabatic methoddifiploys a Landau-Zener-like estimation to n
the optimized ramping index during an adiabatic processariMile, the quantum optimal control method [t
uses the CRAB algorithm to optimize the time-dependenesygiarameters. Ultimately, we compare the rest
obtained from both approaches.
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Event-Triggered Stabilization for Linear Time-Delay Systems
Kexue Zhang
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Event-triggered control provides an effective way to update the control signals at a sequence of discre
moments determined by a certain execution rule, often referred to as an event. The main advantage is to
the ef ciency of control implementations while still guaranteeing the desired performance levels of close:
systems. There are two main challenges in this study. First, the control algorithms for delay-free systems
be applied to time-delay systems directly. Another challenge, which is also the main dif culty of this resea
to exclude the Zeno behavior from the proposed event-triggered control algorithms.

This talk focuses on event-triggered control for the stabilization of linear time-delay systems. Based !
new Halanay-type inequalities, the global asymptotic stability of the event-triggered control system can be
teed, and a lower bound of the inter-event times, the intervals between successive control updates, can b
to ensure the practical implementation of the proposed event-triggering condition. Two examples are ¢
demonstrate the suggested control method.
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Emulation of exotic quantum systems using ultracold atoms hasatiegsting considerable attention. As is
known, magneto-optic§MO) effects are generated when the lights pass through certain kindgyoétic
medium, but the effects may be quite weak for experimental tbetessimetimes. In this talk, we will address
an arresting theoretical scheme for emulating the famous M&i#@aeffect in ultracold atomic gases. We
will elaborate that an artificial MO Faraday effect iadidy signalled by the spin imbalance of atoms, with the
setup of laser fields offering a high controllability for quantum maain. In addition, with the underlying
polarization state being extracted in the synthetic dimenskanartificial MO effect can emerge under an
entirely different mechanism from the conventional picture, and thedéion is particularly related to the
bulk topology in synthetic dimensions, providing an unambiguous evidence fieghied topological MO
effect At last, we will also discuss a possible experimentalrehfer simulating the violation of Fermion
doubling phenomenon emergent in non-Hermitian topological semimetatsdraseld atomic systems.

The work was done in collaboration with Z. Zheng, W.B. Rui, andl @/ang. Z. D. Wang has been sup-
ported by the"#$%&'$()*+,!$-./$%011341)5%+,6$)&'$()*+,!$-./$789114415%.:$;.,<$=.,<>$+,6$!"#$
-2'%@ &)%$A&?$)*+,1$-./$-B;=C88D@47/$E"#ISFGHH . *)E%|86.,< 3;.,<$=.,<BA.J,!$K+L.*+1.*M$.:$NG+,3
IGI$O+!1#*$IF$+PF.$+QR,.SP#6<#6/

References

[1]' Z. Zheng and Z. D. Wang, Quantum emulation of topological niagical effects using ultracold atomspj Quantum In-
formation, Vol. 8, 1, 15, 1-6 (2022).

[2]' W. B. Rui, Z.Zheng, C. Wang, and Z. D. Wang, Non-Hermitian spatial symmeseand their stabilized normal and exceptional
topological semimetal§hys. Rev. Lett. 128226401 (2022).

72



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada
14/04/2023

Space-Time Spectral Methods for Partial Differential Equations
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This presentation has two main objectives. The rst part will focus on the area of space-time spectral m
for solving stream function formulation of Navier-Stokes and Magnetohydrodynamics equations numerice
high Reynolds numbers using the nonlinear preconditioning method RASPEN [2]. In the second part, we f
solving PDEs in irregular domains using space-time spectral collocation methods. Space-time spectral 1
provide the basis for our research in achieving the two objectives thereof. When a solution for a PDE is a
the rate of convergence of the numerical solution is exponential; that is, the error decays exponentially. |
dependent PDEs, low-order nite difference schemes and spectral schemes are traditionally being used for
and spatial derivatives, respectively. However, applying spectral schemes in both space and time has beel
of recently [4]. These methods have spectral convergence in both spatial and temporal domains.

We implemented the Navier-Stokes equation for the well-known regularized driven cavity ow usin
RASPEN method for high Reynolds numbers and secondary vortices were observed [6]. Further, we a
ning to present Hopf-bifurcation results for Navier-Stokes and MHD at high Reynolds numbers. To ol
Hopf-Bifurcation, we start with a steady ow and try to nd the criticReat which bifurcation appears. Beyon
some criticalRe a steady solution loses stability and we get a time-periodic solution. That means uid ow
oscillate and energy is no longer constant with time.

One major drawback of spectral methods is their inability to handle irregularly shaped domains, wt
why these methods have only been used sparingly in many engineering problems. However, there he
attempts to use spectral methods in irregular domains. S. Orszag presented some new techniques that |
ef cient application of spectral methods for solving problems in (nearly) arbitrary geometries [5]. Also, the p
[1] and [3] proposed extensions of the spectral method to enable it to solve PDEs on complex geometri
propose a numerical method to approximate the solution of PDESs in irregular domains using space-time
collocation methods. The main idea of here is to embed the irregular domain in a regular one and ag
Fourier continuation method [1]. We have implemented the 2D Poisson equation, Heat equation, ste:
unsteady Stokes equations, and Navier-Stokes equations de ned in irregular domains. Spectral error con
was observed in each instance and the results are presented.
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Sumudu Iterative Method

M.O. Aibinut, S. Moy@

1 Durban University of Technology, South Africa, moaibinu@yahoo.com / mathewa@dut.ac.za
2 stellenbosch University, South Africa, smoy@sun.ac.za

3 ational Institute for Theoretical and Computational Sciences (NITheCS), South Africa

Fractional Differential Equations (FDES) play an important role in the modeling of evolution of a system (
their ability to model complex phenomena. Moreover, a large class of dynamical systems are associated wi
as their natural components. The vitality and suitability of a mathematical model in describing several pher
can be improved by introducing a delay into it. It is unfortunate that most differential equations with delay
defy analytical methods for nding their solutions. This study considers the use of Sumudu iterative methc
obtaining the solutions of delayed FDEs. The study presents a technique that blends Sumudu transform
with a new iterative method. The technique solves the equations directly and produces reliable results. Th
of the solutions that this technique produces show that they are in good agreement with the exact solution
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Orienteering with One Endomorphism
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In supersingular isogeny-based cryptography, the path- nding problem reduces to the endomorphis
problem. Can path- nding be reduced to knowing just one endomorphism? It is known that a small endomo
enables polynomial-time path- nding and endomorphism ring computation (Love-Boneh [1]). An endomor|
gives an explicit orientation of a supersingular elliptic curve. In this paper, we use the volcano structure
oriented supersingular isogeny graph to take ascending/descending/horizontal steps on the graph and dec
nding algorithms to an initial curve. Each altitude of the volcano corresponds to a unique quadratic order,
the primitive order. We introduce a new hard problem of computing the primitive order given an arbitrary
morphism on the curve, and we also provide a sub-exponential quantum algorithm for solving it. In conc
work (Wesolowski [2]), it was shown that the endomorphism ring problem in the presence of one endomo
with known primitive order reduces to a vectorization problem, implying path- nding algorithms. Our path- ni
algorithms are more general in the sense that we don't assume the knowledge of the primitive order associc
the endomorphism. This is joint work with Sarah Arpin, Kristin E. Lauter, Renate Scheidler, Katherine E. £
and Ha T. N. Tran.
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The impact of endoplasmic reticulum morphology on IRE1 protein clustering
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The endoplasmic reticulum (ER) is a cell-spanning organelle composed of a single connected network ¢
and tubes. As an important location for protein synthesis and folding, the ER membrane and lumen harbo
unfolded proteins. The presence of excess unfolded proteins in the ER can lead to protein aggregation
erwise disrupt cell activities. The unfolded protein response (UPR) directs the cellular response to higt
of unfolded proteins in the ER, acting to return the ER to a healthy homeostatic level of unfolded protein:
folded proteins in the ER activate the transmembrane signaling protein IRE1, which subsequently forms
oligomers, and clusters with signaling activity that ultimately modi es gene expression to initiate the UPR. E
iments have shown that IRE1 clusters have complex shapes, including wrapping around ER tubes, and d
consistent with coarsening behaviour. However, the in uence of ER tube and network geometry on IRE1
dynamics is largely unexplored. We quantitatively modeled IRE1 protein cluster dynamics on a tubular surf:
lattice gas, simulated using a kinetic Monte Carlo algorithm. We show that ER tube geometry — tube diam
controls whether clusters can undergo a transition from an approximately round conformation to a confor
that “wraps' around the tube. These wrapped clusters can grow without further energy-penalizing increas:
terface length. Narrower tubes enable cluster wrapping at smaller cluster sizes. Our simulations show that!
clusters on narrow tubes grow more rapidly, evaporate more slowly, and are stable at lower protein concer
compared to equal-sized round clusters on wider tubes. Our results suggest that cluster wrapping, facili
narrower tubes, could be an important factor in the growth and stability of IRE1 clusters, impacting the |
tence of the UPR. This work may tie into cell and human health, as UPR signaling persistence and dysfur
associated with pathologies such as cancer and neurodegeneration.
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Mapping Regional Change in Snow Water Equivalent using Deep
UNET- Siamese Convolutional Neural Networks
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Snow Water Equivalent (SWE), the amount of water that would be yielded if a giverpsicgwnelted, is
a useful surrogate for understanding the impacts of climate change on the Winter§sieaspi in cold re-
gions. Previous studies have been conducted using time skhestorical temperatures to highlight the im-
pact of warming temperatures on the duration of the Winter Season and OWalthog $ Canada [1]. How-
ever, given that SWE and Snow Extent aréunction of both diurnal temperature change and deposi
tion/accumulation processes, integrating temperatures analysis with spatlilit epattern comparison
methods would likely provide a wealth of information on the impact of glebaining on the Earth System
across space and time.

In this study, the GlobSnow SWE Maps over the cold regions of Canada and partArctitherere used
to train a UNET-Siamese convolutional neural network model. The modelevatpged using training data
(4000 SWE Maps) from 198&2001. The training and validation splits were 75% and 25%, respeciiVely.
used the binary cross-entropy loss function instead of the widely neended contrastive loss function as
this yielded the best results. To assess the generalizability of the model, indépeatidation data were
drawn between 20022013 SWE Maps to test the mo@gberformance. Our model predictsimilarity be-
tween a pair of SWE Maps that were drawn randomly from 20213 witha similarity confidence scoras
high as 77% for SWE Maps that were not perceptually distinguish@&blghown in earlier studies, computer
vision metrics hold the potential to detect subtle changes in SWE Maps [WHBrMap pairs that could be
easily distinguished peepually to be dissimilar, the mod$§lconfidence score ranged betweetid®%.

To illuminate the potential impact of climate change and global warming ayttaamics of Snow cover
and the duration of the Winter season, we compared SWE Maps in the months in which Snow cover in Ci
is expected to be at the optimum lewelanuary, February, March, and ApWe then built similarity confi-
dence plots from 20022013 to represent temporal variability in the patterns of SWE Maps signiteit
tween successive days and months. The model similarity confidence plots depicriabHity in daily and
monthly SWE. Daily SWE similarity showed an increasing tréardthe months of January and February;
contrarily, SWE similarity portrayed a declining trend for March and April. While the daily vatyahilSWE
turns out to be less predictable, we discovered low similarity confidencesg@o£15%) for monthly SWE
Maps compared between 202013. This suggests a potential shift in climate regime (e.g., arrival and r
treat of snow) and warming trends due to climate change events.

Keywords: Spatial pattern comparisonNét-Siamese network, convolutional neural networks, snow water
equivalent, climate change
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Heterogeneity in Disease-Free Social In uence Affects Disease Dynamics
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Research coupling social in uence-based opinion dynamics with disease dynamics has recently eme
understand feedback loops between the distribution of opinions on costly prophylactic behaviors and dise:
lution. In this regard, Tyson et al. [1] have examined how the distribution of opinions at disease introd
and the relative rates of opinion and disease dynamics affect the severity of an epidemic using an SIR-!
model where the susceptible population is structured into four opinion groups with different prophylactic t
iors and thus different susceptibilities to disease. In this model, interactions between individuals from di
opinion groups lead to opinion-changing processes with rates governed by social in uences (persuasive
which vary with disease incidence. The SIR-Opinion model assumes that demographic changes (births ani
death) are negligible in the target time period, and social in uence is homogeneous in the absence of disei

In this paper we consider a model where the susceptible population is structured into three opinion®las:
for the most prophylactic clas$; for the least prophylactic class, aBgifor an intermediate group with moderat
prophylactic behaviors) and demographic changes are allowed. We notice that in such a model, the ass
of homogeneous social in uence in disease-free conditions is inconsistent with the expectation that mc
population does not adhere to costly prophylactic behaviors in the total absence of disease.

Considering the epidemiology of a COVID-19 like disease and prophylactic behaviours such as hand w
face-mask wearing, and social distancing, we introduce the rst compartmental model allowing for het
neous social in uence in the absence of disease in addition to demographic rates, differentiated infectiot
(asymptomatic/symptomatic), testing effort and the related incomplete disease prevalence information a
to individuals. In this setting, we investigate how heterogeneity in social in uence under disease-free con
determines not only the distribution of opinions at disease introduction, but also the course of an epiderr
waves, peak sizes, reproductive number). This provides some insights on how measuring differences bet
persuasive powers of holders of various prophylactic behavior-related opinions might help assess the se
an epidemic after a potential outbreak.
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Consider the Cauchy problem for a strictly hyperbolic system of conservation laws in one space dimen
w+ f(u)x = O u(0;x) = u(x):

Assuming small total variation, it is well known that there exists a unique entropy-weak solution, depe
continuously on the initial data. A priori estimates on thkedistance between an approximate solution and
exact solution have been obtained in connection with (i) front tracking approximations, (ii) the Glimm scl
and (iii) vanishing viscosity approximations. However, no a priori estimate is yet known for approximate sol
obtained by fully discrete schemes, such as the Lax-Friedrichs or the Godunov scheme. Therefore wedo
posteriorierror estimates. The result we show is the following.

Let u?PP*he an approximate solution produced by a conservative scheme which dissipates entropy, and
that

(i) the total variation oLi@PP™Xt; ) is uniformly bounded,

(i) outside a nite number of narrow strips in the domd T] R, the local oscillation of/?PP™* remains
small.

Then theL 1 distance
KuPPY(T; ) u®N(T; Yk yry

is small. Our estimates do not require any regularity of the exact solution. We provide an error bound whi
be applied to a wide class of approximation schemes.
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We consider a controlled reaction-diffusion equation, motivated by a pest eradication problem, and d
simpler model, describing the controlled evolution of a contaminated set.
The controlled spreading of a population, in a simplest form, can be described by a semilinear parabolic et

u = f(uy+Du g(ua);

whereu = u(t;x) denotes the population density at titeat a locatiorx 2 R?, the functionf represents the re-
production rate, whilea = a(t;x) is a distributed control. One may think af(t;x) as the quantity of pesticide:
sprayed at time at locationx, while g(u;a) describes the amount of population eliminated by this strategy.
We rst analyze the optimal control of 1-dimensional traveling wave pro les. Using Stokes' formula, exg
solutions are obtained, which in some cases require measure-valued optimal controls. Then we introduce
of optimization problems for a moving set and show how these can be derived from the original parabolic
lems, by taking a sharp interface limit. In connection with moving sets, we show some results on controll;
existence of optimal strategies, and necessary conditions.
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The state-of-the-art 4/2 stochastic volatility model was recently proposed in [1] and has gained great a
ever since. This model is a superposition of a Heston (1/2) component and a 3/2 component, bringing the

the two nested models.
I

aX®) = mXt)dt+ a v(t)+p% X(t)dW(t): L)
dut) = k(g vO)dtrs vOB(); @)
B(t): dW(D)i = rdt 3)

This talk gives an overview of recent progress in the application of the model (see [2], [4], [3]), as we
multivariate generalization (see [5]), to portfolio optimization, in particular within expected utility theory.

The work includes the study of CRRA and HARA utilities, the presence of consumption, as well as ¢
erations about complete/incomplete markets and ambiguity-aversion. All is complemented with the ana
wealth-equivalent losses to gain insight into popular embedded suboptimal strategies.
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Variational phase- eld models of fracture [1, 2] have established themselves as a powerful and ef cien
putational approach in fracture mechanics. They are based on a regularization of Francfort and Marigo val
energy [3], where the crack geometry and discontinuous displacements are represented by smooth funct
most common implementations are based on nite element discretization via continuous nite elements,
staggered minimization scheme.

In this talk, we present a new discretization scheme where displacements are discretized using disco
Lagrange elements and the phase eld variable by Crouzeix-Raviart elements [4]. We compare this schen
classical continuous Galerkin scheme and highlight how it leads to a better approximation of the fracture €
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Towards Exact DGGS representation using Hierarchical Goldberg Polyhedron
base solids
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In the last few years Digital Global Grid Systems (DGGS) have emerged as an alternative new approach tc
and analysing spatial data. Bene ts of this technology include, consistent toplogical neighbourhoods for
dependence calculations, inherent data uncertainty modelling via the grid resolutions, and the ability tc
hierarchical spatial structure among other features. Existing implementations of this approach generally ¢
a hierarchical tiling of regular polygons (often hexagons) projected to common coordinate sytems.

In this paper we propose an alternative basis for DGGS wherein starting from a truncated icosahedr
solid, modi ed recursive chamfering operations create a hierarchy of Goldberg polyhedra GP{2n,@n} ¢k in
Conway notation) of increasing spatial resolution via decreasing polygonal face size. In the paper we desc
geometric operations and provide some diagnostic evaluations of the properties of the hexagon faces creatt
include analysis of variations in hexagonal face areas and regularity in the hexagonal faces via a Full Pr
distance measure of each hexagonal face against one of the 20 basis faces generated at the centre of tl
truncated icosahedron faces and propagated as regular hexagons in each succeeding generation of GP.

Further, we propose that in addition to storing oating point coordinate points to aid in visulization, we
store the coordinate information exactly via an algebraic representation stored in a spatial database. This
starts with the algebraic (exact) coordinates being created in the computer algebra software then conve
latex and then stored as BLOBSs in a Sqlite database structure. We demonstrate some preliminary result:
with the base truncated icosahedron.
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The microbial community structure and its surrounding environment are often intimately connected.
environments outside of the lab are physically and chemically heterogeneous. On one hand, spatial vz
introduce physics such as diffusive and advective transport of nutrients and byproducts. On the other hanc
bial metabolic activity can affect the environment. Hence it is important to link metabolism at the cellular le
physics and chemistry at the community level.

To introduce metabolism to community-scale population dynamics, many models rely on large numi
reaction kinetics parameters that are either unmeasured or unmeasurable, also making detailed metabolic
tion mostly unusable. The bioengineering community has addressed this dif culty by implementing kinetic
formulations at the cellular level, known as ux balance analysis. To combine the two scales, we propose to
classical kinetics functions in community scale models with cell-level metabolic models, and predict meta
and its interaction with the environment. Furthermore, our methodology permits assimilation of many ty
measurement data. We will discuss the background and motivation, model development, and some ni
simulation results. Some modeling equations and simulation results are given in equations (1) - (3) and g.

Shivid=0; j=1;2:::;N (1)
22X+ N (uxg) = Y(hy(vD)  dpXj; = 12:05N (2)
DN2C, = a?zlejkx,-; k=1:2;::::M (3)

~ DT

Figure 1:Simulated ux magnitude and metabolite concentration in growing bio Im.
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There is a growing interest in the joint modeling of the dynamics of disease and health-related belie
attitudes. For example, we know that risk tolerance varies in populations, including non-pharmaceutical re:
such as mask-wearing and other prophylactic behaviors. However, the decision to, e.g., wear a mask
mere combination of risk tolerance and perceived prevalence of a disease; mask wearing is also infor
the aggregate behaviors of others. In-group norms can in uence how people interpret the behavior in |
to disease prevalence. There are few, if any, models that explore the dynamics of a system in which
contributes to and is a function of both perceived disease prevalence and a social domain. Consequently, v
yet understand how feedback loops between risk heterogeneity and in-group behaviour are contributing fe
patterns in disease dynamics, such as epidemic waves.

To study potential impacts of risk heterogeneity and in-group behaviour on disease dynamics, we ex
behaviour-disease model. Our model of study can be described in two parts. The rst partis a standard Sus:
Exposed-Infectious-Recovered (SEIR) compartmental model, but with the infectious class broken into thr
asymptomatic, the sympotmatic, and the detected. The detected class serves as the primary source o
related information on which different susceptible populatidghswill decide to be prophylactic. l.e., diseas
prevalenceP, and relative change in new positive caggsmake up an information aggregake;

hi = anP+ upiP’ + WPQ+ UGQ+ 2Q 1)

whereay;, aqi, Upi, Ugi, andv; are weights of linear, quadratic, and interaction componen®sasfdQ for S.

The second part governs the dynamics of prophylactic behavior. Here the susceptibles are broken i
populations with different standards of evidence based on their sensitiviteandQ (e.g. small vs largey).
The evolution (increase or decrease) of the proportion of mask-wearérseach§ is also a function of the
proportion already engaging in prophylactic behavior. This is achieved using a modi ed Richards growth eq
Accordingly, the proportioom of prophylactic individuals in susceptible grougvolves in time t) through the
differential equation:

im _ 1 m Th

o e

()

wherea; expresses the dependencerpbn the aggregate behavior of other in-group individuals.

Using simulation experiments we nd that risk heterogeneity has a complicated impact on disease dyr
In particular, the level of protection that prophylactic behaviour provides has an unexpected impact: ata r
level of 50% we see decreased disease severity but otherwise a single wave; at a high level of 95% we
emergence of multiple epidemic waves, but only if the delay of informatidnitoneither too short nor too long
Our results provide insights into the conditions under which we might expect secondary waves of infectio
the importance of knowing how effective a prophylactic behaviour is (or should be).
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A classical electrochemistry problem related to the polarization of a graphene electrode immersed in a
ous solution and subjected to a small external ac voltage is revisited. The Poisson-Nernst-Planck equati
proper boundary conditions are linearized and normalized, leading to an analytical formula for the imped.
the electrochemical system containing a graphene-metal electrode pair. Electrochemical impedance spec
is utilized to compare the impedance behavior of the graphene-metal electrode pair with the standard met
electrode pair for a range of ion concentrations in the electrolyte. Also studied is the electrochemical ca|
spectroscopy to provide a detailed analysis related to the effects of the quantum capacitance of grapher
total capacitive properties of the system.
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G. Attiaht, H. Kheyrollah Pout, K. A. Scotf

L wilfrid Laurier University, Waterloo, Canadgattiah@wlu.ca hpour@wlu.ca
2 University of Waterloo, Waterloo, Canada3scott@uwaterloo.ca

Spatially distributed modelling of lake ice thickness involves simulating ghedeer as a continuous sur-
face, which accounts for variations in physical and environmental factors acrdakethmasin. This is im-
portant for predicting the impact of climate change on freshwater resources andgeitausafety during
winter travel for northern communities. The increasing warming in climatetigneéntal to lake ice since air
temperature impacts ice phenology and ice cover duration on lakes. Ménard et al.aé¥@@Rjhat a one-
degree increase or decrease in air temperature leads to a 6-day almoshhnegar in ice cover duration.
Therefore, monitoring these changes and the factors influencing their evolution fprasafgtlanning is es-
sential. However, relying on a single data source to monitor lake ice proves cingllidngito the difficulty in
continuous in-situ monitoring and gaps in remote sensing data (Beckers 8t @)., Rurthermore, methods
adopted to monitor lakes, such as one-dimensional thermodynamic lake ice models, relyhen stai@bn
input data, which are sparse, especially at high latitudes. This study adopts a tmaodtimenitoring ap-
proach to address these limitations by using remote sensing data coupled with a distibliyed 1-Dther-
modynamic lake ice model to study the trends and spatial distribution of lake ice thickness armgphenol

Ice thickness was modelled for predominantly small to medium lak#dsei Northwest Territories. A re-
trieval algorithm was adapted and applied to Landsat satellite series ratgemdake surface temperature
dataset (North Slave LST). Input model variables, such as wind speed (m s4i)aim@anperature (°C),
relative humidity (%), snow depth (m) and cloud cof@d), were compiled from 198 the present using
reanalysis gridded data from European Centre for Medium-Range Weather ForecastisRedn&BICMWF
(ERAD5) in addition to generated North Slave LST. The model was run on each 3@Intopéstimate ice
thickness and phenology. Model outputs include daily lake ice thickness for each pixtéieoiade and the
yearly freeze-up and break-up dates. The model was validated using collectedfigliesitlataby Ground-
penetrating Radar and marnlyadirilling and measuring ice thickness on various locations of several &kes,
well as time series of ice thickness measured by an automated Snow andddgaldase Apparatus (SIM-
BA). Outputs derived from the model effectively estimated lake ice thickness and highlighteatitiesapa-
tion of ice thickness and its extent over the lake. Preliminary resoittstfre model on selected lakes showed
a root mean square deviation of ice thickness from 3 cm to 7 cm compared to measured data.

Further analysis of model results shows decreasing trends in ice cover duration (-0.2arday/9.35
day/year) and ice thickness (-0.12 cm/year to -0.14 cm/year) on lakes surrouetovgkiife from 1984 to
the present. Additionally, later freeze-up (0.08 day/year to 0.22 day/year) ard leadik-up (-0.16 day/year
to -0.21 day/year) was observéaformation on lake ice thickness and phenology are provided to neighbot
ing communities, researchers, and stakeholders, helping reduce uncertainties on lake ice.
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On the effects of suitably designed space microstructures in the propagation of
waves in time modulated composites
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The amplitude of a pulse that propagates in a homogeneous material whose properties are instant.
changed periodically in time will undergo an exponential increase, due to the interference between the r
and transmitted pulses generated at each sudden switch. Here we resolve the issue by designing suitabl
cal PT-symmetric space-time microstructures both in the one-dimensional and two-dimensional case, so
interference between the scattered waves is such that the overall amplitude of the wave will be constant
in each constituent material. Remarkably, for the geometries here proposed, a pulse will propagate with «
amplitude regardless of the impedance between the constituent materials, and for some, regardless of
speed mismatch. Given that the energy associated with the wave will increase exponentially in time, this
the possibility to exploit the stable propagation of the pulse to accumulate energy for harvesting.
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We say an integenm is y-smoothf every prime divisor oinis y. LetY (x;y) count the number of-smooth
integers Xx.

We present a new algorithm that will generate an intager x uniformly at random, with known prime
factorization, such that is y-smooth. In particular, the algorithm accepts a real inpwith O r < 1, such
that asymptoticallyn is at positiorrY (x;y)(1+ o(1)) in the list ofy-smooth integers ordered lexicographically t
prime factorization.

The running time of our algorithm depends on algorithmic choices for prime testing [5], search [4], al
timating Y (x;y) for variousx;y pairs [6, 3]. For a particular choice of such algorithms, we show that ur
the assumption of the Extended Riemann Hypothesis, our algorithm produces the desired output with prc
1 o(21) with a running time of ,

{00 &)
glogx

arithmetic operations on average.

The central organizing structure of our algorithm is Buchstab's identity,

Y(xy)= 1+ & Y (x=p; p); )
py

which decompose¥ (x;y) by its largest prime divisor [7, §5.3]. After reviewing this identity, we present a re«
sive algorithm that enumerates glémooth integers xin lexicographic order based on their prime factorizatiol
We then show how to prune this algorithm to obtain our main result.
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Gravitational Models with State-Dependent Delay: Gravitating Binaries

E.l. Verriest
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In [1] we proposed an approximation to Einstein's eld edqaas in the case of low velocities and wes
gravitational elds. Essentially, we still assume a notiohsimultaneity, and a at space. This approximatic
was based on a nite propagation speed of the (Newtonianjtgteonal force, which leads to the modi cation ¢
Newton's equation by a state-dependent delay. The positama velocities of the gravitational masses constit
the state variables. A mass distribution due to a unit poiassrin motion, prescribed by a trajectory(t) is
described by a three-dimensional Dirac-delta mass deni§t% = d(t° fp(t()). The resulting gravitational
potential at the xed point and timét;t), in such a post-Newtonian (pN) theory is then

Z
PP )
R3 9

wheret, =t t (19 is thebackward or retarded timeatisfyingct (t9 = j¢ 9.

In this paper we present a new proof, which is somewhat mogarstined than the one in [1] for:

Theorem 1

The gravitational potential at the observation poiatat time, t, due to a unit point mass &g in motion is given

by

v (r9 (1)

Gc .
ct Fp(th)] (F Fp(t)) Fp(tn)

The proof is analogous to the derivation of the Liénard-\Wext potentials in electrodynamics, which is bas
on a reduction of a three-dimensional Dirac impulse to adinensional one. (See [2]). We deduce the:
Theorem 2
The pN-gravitational force exerted by a unit mass in motioanit-mass test particle ais directed towards the
predicted position based on a uniform motgiwen by the delayed information (i.e., delayed positiod aglocity)
and given by

fert) =

Ger Po(t)” _
o)Ly 6 P
where delayt, and backward timeyt are related by t(tp) = j£ +p(t)j, and the predicted position for time
Po(t) = #(to) + t (to)F(t).

We then apply this result to predict the kinematics of geding binaries, to nd that Newton's results for th
orbital speeeds hold if the masses are replaced by thevisitiones

Nief (F;t) = &)

m
1 Vgéb

C
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An Optimization-based Approach to Image Fusion using Structural Similarity

F. Hirbodvash, M. Ebrahim?

10Ontario Tech University, Oshawa, Ontario, Canada, Fatemeh.Hirbodvash@ontariotechu.ca,
20ntario Tech University, Oshawa, Ontario, Canada, Mehran.Ebrahimi@ontariotechu.ca

Multiple imaging sensors are being used in surveillance, medical imaging, and machine vision. To effe
combine the information from multiple imaging sensors, image fusion technigues have emerged to proc
improved single image.

We propose that the widely used Euclidean distance in the fusion process, which is considered a poor me
visual quality [1, 2, 3, 4], can be replaced with the structural similarity index meaS&k/, which is known to
be one of the most effective measures of visual proximity.

Since image fusion integrates complementary information from multiple images to produce a higher-
image of the scene compared to any of the individual images alon83héMean would be a suitable choice fc
fusion. We formulate image fusion as an optimization problem and propose a general mathematical frame\
image fusion usingSIMMean.

| its corresponding regularization parameter, xdf sizem 1 that maximizes

pi SSIMH ix;yi) + 1 9(x): 1)

Qo5

i=1

This problem will be solved numerically using gradient-based approaches.

The greatest advantage of the proposed formulation compared to Brunet's work in [5] is that it is exit
allowing various types of degradation operatdrsand regularization ternggx). We apply the proposed methao
for both denoising and resolution enhancement of a set of given degraded imagesS®hdfdean is used as
data delity. The results will be evaluated both qualitatively and quantitatively.
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Wound angiogenesis refers to the process of new blood vessel formation that occurs in response
tissue injury or damage. This process is a critical component of the body's natural healing respons
as it helps to supply the injured tissue with oxygen and nutrients, and remove waste products. Dul
wound angiogenesis, specialized cells called endothelial cells proliferate and migrate to the site oi
injury, where they form new blood vessels. Angiogenesis is a complex process that is regulated b
variety of factors, including growth factors, cytokines, and extracellular matrix components. Disrug
tions in this process can lead to delayed or impaired wound healing, as well as the formation of ak
normal blood vessels. In thimper, we simulate angiogenéasi€utaneous wound by using a variant of
the Eden model for cluster aggregation to recreate a healing process where capillary blocks are laid b
hind moving capillary sprouts within the wound region. The regeneration process is orchestrated by pl
ing seeds along the wound edge and allowing them to grow as sprouts into the wound space. Capillar
blocks are formed when the tips of two sprouts converge. We present simulations illustrating different
healing strategies, including bacterial infection for several wound geometries.
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Application of Symbolic Differential Operator Discovery in Biological Sciences
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This work focuses on the application of symbolic discovery of differential operators in situations whe
perimental data is sparse, speci cally in biology. The small data regime in machine learning can be mad
manageable by incorporating prior knowledge about the underlying dynamics. Physics Informed Neural N¢
(PINNSs) [1] have been extremely successful in reconstructing entire ODE or PDE solutions using only a
point or a few measurements of the initial condition. The Universal PINN approach (UPINN) further ent
the power of PINNs by adding a neural network that learns the representation of unknown hidden term:
differential equation or the entire equation. The algorithm outputs a surrogate solution to the differential e«
and a black-box representation of the hidden terms. These hidden term neural networks can then be conw
symbolic equations using symbolic regression techniques like Al Feynman [2]. The algorithms are provide
noisy measurements of the initial condition and synthetic experimental data obtained at later times. The
demonstrates strong performance in identifying drug action in chemotherapeutics, Lotka-Volterra predal
interactions, and interactions within a model of cell apoptosis, even when provided with limited measurem
noisy data.
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Macroscopic Dynamics of a Neural Network with Synaptic Delay

L. Chert, S. A. Campbel

1 Department of Applied Mathematics and Centre for Theoretical Neuroscience, University of Waterloo, Canada,
{l477chen,sacampbell}@uwaterloo.ca

This paper investigates the impact of time delays on the macroscopic dynamics of large-scale neural n
through exact mean- eld reductions.

The brain can be seen as a network with a large number of synaptically coupled neurons. Whether the k
perform its function depends on the network's emerging macroscopic dynamics. Time delays plaguing cot
cation between neurons are an essential factor that cannot be ignored. They are comparable to the chal
time scales of the system in most situations and have a signi cant in uence on collective dynamics, such
cillation and synchronization. The analysis of the large-scale neural network has either relied on heuristic
motivated by biophysical data, e.g., the Wilson-Cowan model, or involved substantial computational costs
mean- eld reductions recently developed by statistical physics, known as the Ott-Antonsen and Watanabe-!
approaches, allow one to obtain low-dimensional dynamical systems for population-averaged variables by |
the microscopic properties of individual neurons and macroscopic dynamics of the neural network.

This paper follows the theoretical framework of the Ott-Antonsen reduction and employs the Lorentzian
to arrive at a mean- eld model for the network of quadratic integrate-and- re (QIF) neurons with the sta
synaptic expression. We also incorporate xed, homogeneous delays and heterogeneous delays with a dis
function. The correspondence is exact in the thermodynamic limit.

Bifurcation analysis allows us to identify the regions in the parameter space where the network exhibits
scopic dynamics, including the transition between states where the individual neurons exhibit asynchrono
ring and synchronous bursting. More importantly, our mean- eld system reveals signi cantly different bifL
tion structures than the system using the simpli ed synaptic model, including a novel mechanism for the eme
of population bursting behaviours not previously observed in the excitatory network of QIF neurons. Our
will provide insights into the model-based inference of neurological mechanisms and the impact of time
on the macroscopic dynamics that underpin brain function and dysfunction from the perspective of the:
neuroscience.
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We investigate high-order Convolution Quadratures methods for the solution of the wave equation in unb
domains in three dimensions that rely on high-order discretizations of the BIE solution of the ensemble of
ated Laplace domain modi ed Helmholtz problems. Two classes of CQ discretizations are employed, one b
linear multistep methods and the other based on Runge-Kutta methods and two classes of Nystrom discre
are considered for the discretization of the BIE formulations for modi ed Helmholtz scattering problems-
based on Alpert quadratures and another based on QBX. A variety of accuracy tests are presented that :
the high-order in time convergence (up to and including fth order) that the Nystrom CQ discretizations are
ble of delivering.

Keywords: Wave equation, Convolution Quadratures, Boundary Integral Equations.
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The New Regulatory Capital Regime and It's Impact on Trading Businesses in
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The Basel Revisions and the Fundamental Review of the Trading Book are taking effect in Canada th
The new regulations will result in large impacts on the regulatory capital requirements of Canadian bank
increased focus these regulations have on standardized approaches presents new challenges for pract
nance and risk management departments large banks, along with their business lines. This talk will incl
overview of Basel Revisions and the Fundamental Review of the Trading Book with a focus on trading prc
Also, some of the practical implications that these regulations have on banks will be presented.
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We propose a deep Recurrent neural network (RNN) framework for computing prices and deltas of An
options in high dimensions. Our proposed framework uses two deep RNNs, where one network learns t
tinuation price and the other learns the delta for each timestep. Our proposed framework yields prices ar
for the entire spacetime, not only at a given point (¢.g.0). The computational cost of the proposed appro:
is linear inN, which improves on the quadratic time seen for feedforward networks that price American og
The computational memory cost of our method is constalt, iwhich is an improvement over the linear memo
costs seen in feedforward networks. Our numerical simulations demonstrate these contributions, and sl
the proposed deep RNN framework is computationally more ef cient than traditional feedforward neural ne
frameworks in time and memory.
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L2 theory for compressible Euler equations
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Compressible Euler equations are a typical system of hyperbolic conservation laws,whose solution form
waves in general. It is well known that global BV solutions of system of hyperbolic conservation laws exist,
one considers small BV initial data. As a major breakthrough for system of hyperbolic conservation laws in !
by Bressan and etc, solutions have been proved to be unique among BV solutions verifying either the s
Tame Oscillation Condition, or the Bounded Variation Condition on space-like curves.

In this talk, | will discuss the recent works with Krupa and Vasseur. In these works, for systems wit
unknowns and the non-isentropic Euler equations with three unknowns, we establisiestaiility theory using
the method of relative entropy. As an application, we proved all BV solutions must statisfy the Bounded Va
Condition, hence showed the uniqueness of BV solution without any additional condition.

If time is permitted, | will brie y introduce the recent progress on the vanishing viscosity limit from Nav
Stokes equations to the BV solution of compressible Euler equations. This is a collaboration work with Ka
Vasseur.
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Shocks interaction for the Burgers-Hilbert Equation
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In 2009 J. Biello and J. Hunter derived a balance law modeling nonlinear waves with constant frequency, ol
from Burgers' equation by adding the Hilbert transform as a source term [1]. For a general initialdat{R),
the global existence of entropy weak solutions was proved in [2], together with a partial uniqueness result.
over, piecewise continuous solutions with a single shock and the shock formation have been recently stt
[3, 5]. This talk will describe a further type of local generic singularities for solutions, namely, points where
shocks interact [4]. The solution is obtained as the sum of a functionHiittegularity away from the shocks plus
a corrector term having an asymptotic behavior ikénInjxj close to each shock. A key step in the analysis
the construction of piecewise smooth solutions with a single shock for a general class of initial data
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We speculate on the distribution of primes in exponentially growing, linear recurrence sequgh¢esin the
integers. By tweaking a heuristic which is successfully used to predict the number of prime values of polynt
we guess that either there are only nitely many prinugsor else there exists a constagt> 0 (which we can
give good approximations to) such that there are,logN primesu, withn N, asN! ¥. We compare our
conjecture to the limited amount of data that we can compile.
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Fairer Shootouts in Soccer: Than-n Rule
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Winning the coin toss at the end of a tied soccer game gives a tedaghthe choose whether to kick
either first or second on all five rounds of penalty kicks, when each tealovgdlone kick per round. There
is considerable evidence that the right to make this choice, which is usulaltk first, gives a team a signif-
icant advantage. To make the outcome of a tied game fairer, we suggesthatrblenticaps the team that
kicks first (&), requiring it to succeed on one more penalty kick than the team thatdeécondg). We call
this them - n rule and, more specifically, propos®a, () = (5, 4): ForA to win, it must successfully kick 5
goals before the end of the round in whizkicks its 4% for B to win, it must succeed on 4 penalty kicks be-
fore A succeeds on 5. If both teams reach (5, 4) on the same Zoumeh they both kick successfully at (4,
3) 2 then the game is decided by round-bfR XQG 3VXGGHQ GHDWK ~ ZKHUHE\ WKH
in a subsequent round when the other team does not. We show that thisamlenisehding to equalize the
ability of each team to win a tied game in a penalty shootout. We alsosd@scelated rule that precludes the
teams from reaching (5, 4) at the same time, obviating the need for sudden death and extra rounds.
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A varietyV hasmaximal Picard rankf the rank of its Néron-Severi group is equal to the dimension'of(M).
This property is interesting in part because the Galois representation on the transcendentalPatisel ¥(V)
should be related to a modular form of a well-understood type, rather than a mysterious automorphic form

The K3 surfaces of this type that are de ned ov@rwere fully described by Elkies and Schitt. Shior
constructed many elliptic surfaces with this property, and Persson and others have described some th
general type. In this talk we will describe a new construction of such surfaces and discuss the modularity pr
of existing and new examples and the correspondences that they suggest.
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This study presents a switched SQEIAR-based epidemic model that considers thitywarfidbe contact
rate, which is the average number of contacts between individuals in a population pétiorét during an
outbreak in the real world. Specifically, the period of infection is dividea multiple subsystems or modes,
each representing a phase of the disease based on its severity. The cletheridisease is determined by the
contact rate, which can be high, medium, or low, depending on the level of contact iy. Sdwebasic re-
production number (&, which indicates the ability of a disease to spread in a susceptible poputtaltur
lated for the proposed model.Rg is greater than one, the disease is likely to spread in society, and the si
system is considered unstable. Converselyy iERess than one, the disease is eradicated and the subsysten
stable. The equilibria of the proposed model are calculated, and theirist&abil@ analyzed. Furthermore, the
qualitative analysis of the model is conducted through two theorems, incthdimgvariance property of the
solutions and their positivity. To control the spread of the diseasede-dependent average dwell time
(MDADT) strategy is proposed, which determines the amount of time thersysieains in each subsystem
based on the contact rate of the disease. The goal is to spend less time in unstable subsystem&aaihmore
stable ones, resulting in globally uniformly exponential stability (GUEShefentire switched system. This
approach is supported by a Lyapunov function, and sufficient conditions are derived in temmaaraffatrix
inequalities (LMIs) to ensure stability. Finally, the effectiveness of the promissegy is validated with a
numerical example, which enables policymakers to optimize budget allocAtiditionally, this method
eliminates the need for constant quarantine and government interventions.
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Simulating spin qubit control in realistic semiconductor quantum dot devices
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Electron spin qubits in gate-de ned semiconductor quantum dots (QDs) are a promising platform for sc
universal quantum processors. In a proposal for a scalable processor based on gated)BitSil), we combine
a global magnetic eld for electron spin resonance (ESsg, with the voltage-controlled electrongsfactors
0i(V) and exchange couplingl; (V) to realize locally addressable quantum operations. The complex, no
ear dependency of the QD spin and charge states on the device geometries and voltage con gurations r
research towards high- delity qubit control in realistic device models. In this talk, we describe the simu
of gate-de ned QD arrays based on the construction of effective spin and charge models, as well as an
algorithm for voltage and ESR pulse design that yields high- delity quantum logic operations.

An open-source Python software we developed, QuDiPy [2], takes as input the electrostatic potentials
istic QD devices modeled in the nexthano++ [3] nite element simulation tool. We modify the Linear Combin
of Harmonic Orbitals — Con guration Interaction (LCHO-CI) algorithm [4] to ef ciently calculate many-elect
spectra for a large ensemble of voltage con gurations. Constructing effective Heisenberg and Hubbard Hai
ans based on these spectra enables simulating the evolution of spin states and predicting charge stability

In addition, we propose a novel unitary pulse design method to handle the nonlinear voltage control
spin interaction parameters and the effects of cross-talk in QD arrays. We prove that if all the nonzero e
parameters are proportional to the same normalized, dimensionless shape f8figtion

G g _ Ji®) Jo _ Besrt) _
hoi(t) goi  Jj(t) Jo  MBesgr(t)i

the gate voltage pulse®(t) can be determined uniquely famy chosen shap&(t) with only one numerical
integration of a system of ODEs of typ¥ddS= F(V;S). In particular, this method enables a global ESR eld
address qubits individually, even under a very restricted range of defeaitor control in silicong=g 10 °

10 4). We also leverage the time-orderedness of the spin Hamiltonian guaranteed by this approach to ¢
nontrivial quantum gates, e.g. the Control-Z (control-phase) gate realized by simultaneous modutgfentias

and exchange couplings. Finally, we demonstrate the simulated control of a 4-qubit array by impleme
Variational Quantum Eigensolver for the ground state of the hydrogen molecule using the Unitary Coupled

algorithm. We expect these results to facilitate the experimental design and control of silicon quantum proc

St);  8i;j; 1)

References

[1] B. Buonacorsi, Z. Cai, E. Ramirez et &letwork architecture for a topological quantum computer in silic@mantum Sci. Technol.
4, p. 025003 (2019).

[2] GitHub Repositoryhttps://github.com/mainCSG/QuDiPy.

[3] S. Birner, T. Zibold, T. Andlauer et ahextnano: general purpose 3-D simulatiphEEE Trans. Electron Deb4, pp.2137-2142
(2007).

[4] B. Buonacorsi, M. Korkusinski, B. Khromets and J. Baugptimizing lateral quantum dot geometries for reduced exchange nc
arXiv:2012.10512 (2020).

105



The V International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada
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The convolution plays an important role in various elds, such as solving integral and differential equi
and design of Iters in signal processing. Different convolutions are as much important as many properti
applications they will be able to exhibit. Therefore, it is worthwhile and interesting to investigate convolutio
associated theorems continually for its high potential in exhibiting new properties and concrete application

During the past years, the discrete Fourier cosine convoh@ttcgn y)(n) [1] and the discrete Fourier sin
cDT
convolution(xF y)(n) [2] of two seriesx(n) andy(n) on Ng were de ned as follows
sDT

(X (M= apex(Miy(n+ m)+ y(n m)]+ x(O)y(n); n 0

T (M= &koxmiyin m) y(n+ mlin 0 .
respectively. And the following two convolution theorems ful lls
Feorf (ch)( ng(w) = 2Fcorf x(nN)g(w) Feorf y(n)g(w) @)
Fsorf (X Y)(N)g(w) = 2Fsprf x(N)g(W) Feorf y(n) g(w)
respectively, wher&.pt andFspt denotes the Fourier cosine series and he Fourier sine series
FeorX(m(w) = *3 + &1 X(r) conw); w 2 [0;p] @)

Fsorx(n)(w) = & /= oX(n) sin(nw); w 2 [0; p]

In recent years, the convolution equation has important applications in various elds such as engir
mechanics and digital signal processing [3], how to obtain solution of the convolution equation is one
meaningful issues of equation theory. However, the signal analysis capability of the Fourier transform is
by the time-frequency domain. Therefore, it is imperative to nd a more exible tool than the Fourier transfc

In this paper, we extend the Fourier sine series and the Fourier cosine series to the fractional domain. 1
tional sine series (FRSS) and the fractional cosine series (FRCS) is de ned. Several kinds of discrete con
operations for FRSS and FRCS are presented, and the corresponding discrete convolution theorems are
The relationship of these discrete convolution operations is further discussed. In addition, two types of ¢
convolution equations are studied based on the proposed convolution theorems, and the explicit solutions
discrete convolution equations are obtained.
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Microbial populations play a wide array of roles in systems of interest, impacting health, agriculture, 1
facturing, waste water treatment, and environmental remediation. The activity of these populations is dr
ecological interactions among the many microbial species that make up microbiome populations. Curren
toward manipulation of these communities span the range from direct interactions with environmental popt
(top-down) to characterization of simple communities in idealized laboratory settings (bottom-up) [1].

Our group is developing frameworks for predictive modelling of bacterial populations interacting in
layer, captured with time-lapse uorescence microscopy. We are currently focused on communities consit
two populations interacting via antagonism, cross-protection, or horizontal gene transfer. Our modelling
begins with image processing [2], allowing us to collect spatio-temporal data on cell position, length, growt
and genetic state.

We implement agent-based models of these systems using the CellModeller platform [3]. Calibration of
based models is generally challenging. Both the underlying system and the simulations are stochastic.
quently, rather than assess model quality by simulation of speci ¢ experimental runs, best- t parameteri:
can be determined by accurately capturing spatio-temporal patterns in system behaviour. We surveyed
patterns, or summary statistics [4], prior to selecting those that best represent our systems of interest.
model parameter values by Approximate Bayesian Computation [5], which provides insight into uncertainty
inference. Finally, we validate model calibration against training data that was not used for training.
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We consider a set of agents who are located along a pipeline with a single source. These agents cons
discrete units of ow, where their utility from successive units exhibits diminishing marginal returns. Additionally
ows along each edge in the pipeline create negative externalities, which are non-decreasing as a functiol
ow. The agents cooperate toward obtaining group welfare maximization. In this environment we rst provide &
algorithm that yields the sequence of ows to maximize net surplus for the agent set. Next, we develop coopera
games to determine how best to share the damages from the ows. Using optimistic and pessimistic formulati
for the characteristic function, we study, respectively, the anti-core and core of the cooperative game and s
that the core of the pessimistic game is nonempty. We develop a marginal damage as well as an average da
allocation method, and show that they are elements of the core. In addition, we provide a partial characterizatic
the core and also propose a procedure to compensate agents who are left out of the optimal solution but nevertt
have blocking power in the pipeline.

Example

Suppose that we have 3 agents, with agent 1 closest to the source, followed by agent 2, with agent 3 furthest
the source. All agents are interested in at most one unit of good, to be delivered from the source. The value of
unit is 18 for agent 1, 56 for agent 2 and 12 for agent 3. Flows create damages locally. We suppose here tha
rst unit of ow does not create damage, but additional units do. The second unit of ow on the edge to agent
creates a damage of 6. The third unit creates a damage of 30. On the edge from agent 1 to agent 2, the secor
creates 6 of damage.

We can check that the optimal utilization of the pipeline is to send 2 units of ow to the node of agent 1, ar
one to the node of agent 2, thus allowing 1 unit of consumption for agents 1 and 2. This creates a net bene
18+56-6=68.

The paper rst proposes a greedy algorithm to determine the optimal ows. We then study how to share tt
net bene t among the agents. The marginal damage allocation method simply uses the algorithm: at each ste
determines an agent that receives an additional unit of ow. We then assign to that agent the marginal net bel
of that unit. Here, it assigns 12 to agent 1, 56 to agent 2 and 0 to agent 3. The average damage allocation me
assigns to each unit of ow the average damage on the edges it goes through. Here it implies that agents 1 &
equally split the damage of 6 on the edge to the node of agent 1, for an allocation of 15 to agent 1, 53 to agel!
and 0 to agent 3.

We de ne proper coalitional games from the pipeline externalities game and show that these allocations
in the core of these games. We then describe core allocations that allow to compensate agents that are cro
out of consumption, like agent 3 in our example. One such way is to take the Shapley value of the so-cal
optimistic coalitional game, in which each coalition supposes that outside agents are not consuming, but mos
compensated for the externalities they suffer.

A preliminary draft is available atttps://www.dropbox.com/s/5sx613qo3dgwkau/pipeline_externality
paper_v4.pdf?dl=0
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Annealing a Genetic Algorithm for Constrained Optimization
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Genetic algorithms (GAs) are a class of optimization algorithms that take inspiration from biological evol
They are a form of directed random search, using a population of potential solutions in this search and upda
population by applying both a mutation and a recombination operation. Like many global optimization algor
GAs suffer from the problem afiching or getting stuck in sub-optimal states. However, the randomness use
GA will guarantee that eventually the population will wander away and will (under reasonable assumption
the optimal states with probability one.

Mathematically, since the next population is only based on the current population, a GA is an instan
Markov Chain with state space the set of all possible populations. As such it (usually) has an invariant distr
and the random walk induced by the GA will be recurrent.

In this talk, we will discuss the application of GAs to constrained optimization problems. A natural
of implementing a GA for a constrained problem is to initialize the population with some randomly gene
feasible states and then structure the mutation and recombination operations to ensure that only feasible :
generated. However, this is usually completely impractical as often it is dif cult to even generate one fe
state. An alternative is to use a penalty function to steer the algorithm away from infeasible states.

In this talk we discuss using a dynamic penalty which we view as a type of “annealing” (in analogy
Simulated Annealing). We give two very general and different ways of doing this and prove that in the lin
random process will only be supported on the set of optimal populations.
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Title: Recent results on the stability of solitons and kinks
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1 University of Toronto, Canada, {fabiop}@math.toronto.edu

Abstract: We will some recent results on nonlinear evolution equations with potentials, and application:
stability of solitons and kinks, as well as to the phenomenon of “radiation damping”. Our approach to thi
of problems is based on the use of the distorted Fourier transform and the development of multilinear he
analysis in this setting. This talk is based on joint works with P. Germain (Imperial), A. Soffer (Rutgers), T.
(Princeton), Gong Chen (Georgia Tech), Zhiyuan Zhang (NYU) and Adilbek Kairzhan (U of Toronto); see
references.
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The phenomena of El Nino Southern Oscillations (ENSO) is modeled by coupled atmosphere-ocean
nism together with sea surface temperature (SST) budget at the equatorial Paci ¢ and has a signi cant im
the global climate. We consider a modeling framework that was originally developed by Majda and co-wor!
[1, 2], which is physically consistent and amenable to detailed analysis. The coupled model is mainly gc
by the equatorial atmospheric and oceanic Kelvin and Rossby waves and it is shown that stochastic forcil
rise to the model anomalies and unpredictable behavior. The purpose of our work is to investigate the ir
of randomness on the model dynamics, construct the appropriate model components with stochastic n
calculate the statistical properties. We also provide analytical and numerical solutions of the model to pr:
convergence of the numerical scheme developed in our work.

We use Wiener-Chaos Expansion (WCE) to study stochastic ENSO models. The WCE method is b:
reducing stochastic partial differential equations (SPDES) into an in nite hierarchy of deterministic PDEs
propagators-Fourier modes [3] and represents the stochastic solution as a spectral decomposition of dete
components with respect to a set of random Hermite bases. We solve the WCE propagators, which are for
set of complete orthonormal bases, by applying numerical integration and nite-difference methods. We cc
WCE-based results with Monte Carlo simulations of SPDEs.

Our results depict that the mean and variance of the solutions obtained from the WCE method provide |
ably accurate results with a reasonable convergence rate and error range. We rst test the WCE-based m
the ocean model with white noise and show that 10-Fourier modes are able to approach the theoretical
values. We also show that the OU process with a speci ¢ noise strength and dissipation over a one-time pe
be recovered with less than 50-Fourier modes for the ENSO model. To illustrate the particular weight of va
we also generate the ensembles of solutions by using different stochastic bases.
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The event-triggered of linear systems has been studied by many scholars, but the event-triggered ste
stochastic systems is not particularly well investigated, mainly because of the dif culty in dealing with stoc
systems to eliminate Zeno phenomena, which cannot be replicated for linear systems. Due to the exis
random effects, the state of the system is dif cult to predict and control, and the behavior of the system ¢
over time, even when the test is conducted under the same initial conditions. This presented signi cant cha
particularly in determining sampling/execution times and evaluating closed-loop performance, which lec
develop powerful and complex approaches to analyze and design random event-triggered controls. Th
sponding closed-loop stability analysis remains challenging and will certainly be substantially different frc
analysis in Refs. [1, 2, 3] due to differences in execution/sampling mechanisms. This article addresses the
event-triggered stability for delayed stochastic systems, which including some input-to-state stability char.
tics. To avert Zeno behavior in each sample path, our event-triggered mechanisms force a pause time a
successful execution, which will lead to intermittent detection of system status, thus greatly saving commur
resources. One utilizes the Hanalay-type inequality to obtain the less conservative stability criterion. In ac
a collaborative design method of event-triggered mechanism and linear controller is proposed. Ultimai
paraphrastic example is shown to indicate the availability of the mentioned collaborative design process.
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Automated highway systems (AHS) and intelligent vehicle highway systems have been extensively stt
recent years in an effort to reduce traf ¢ congestion, traf ¢ accidents, and environmental pollution through v
platoon movements. Speci cally, the fundamental objective of vehicle platoon control is to ensure the stak
the desired lane con guration with respect to the platoon leader, so that adjacent vehicles can maximize t
capacity by maintaining close tracking distances. According to Refs. [1], the dynamics of each vehicle
described by

pi=vi; vi=a &= fi(via)+ g(v)bi; 8i 1)
In the meantime, in order to compensate for unknown intrinsic dynamfesa;) of the system, we employ
the radial basis function neutral networks (RBF NNs), which is a trending strategy for dynamic approxir
satisfying

fi(vi;a) = WTj i(vi;a) + & )

whereW stands for the desired weight matrix(:) is the Gaussian basis function vector, ands a bounded
approximation error. Moreover, it differs from most existing works, such as Refs. [2, 3] utilizing fully contin
control schemes, we developed our tracking control protocol by using an impulsive mechanism that is «
of generating abrupt changes in system states at some prede ned time instants. Through this approact
ef ciently reduce control costs, overcome transmission limitations, and enhance data security. Therefore, k
the above setup, this paper proposes a distributed hybrid impulsive control scheme to achieve the string st
vehicle platoons; in particular, we apply the Lyapunov-Razumikhin technique along with relative state inforr
transmission and the design of an overall topological structure, such that the tracking mismatch of the
spacing, velocity and acceleration can be maintained in a compact error bound. Finally, the effectiven
performance of our proposed control protocol are validated using numerical simulation examples.
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ODE and FDE Models for Cancer Radiotherapy with a Death-Rate Term
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The desire to more accurately model and predict cancer patient response to treatment has lead to more
complex mathematical models, such as those replacing ordinary differential equations with fractional diffe
equations. The Caputo fractional derivative incorporates an initial condition and a singular kernel[1], ma
suitable for real-world applications, including tumour growth modelling. The de nition of the Caputo fracti
derivative is

7t
1 1 df

D™Mf(t) = &l m)o C X)md—xdx:

(1)

In this talk, | will discuss the advantages and disadvantages of replacing an ordinary derivative (OD)
fractional derivative (FD) when modelling cancer radiotherapy. We compare three ODE models of tumour
and the corresponding three FDE models for exponential, 2, logistic, 3, and exponential-linear, 4, growt
order of the fractional derivative satis a2 (0;1] with m= 1 corresponding to the ordinary derivative.

D™= ay, 2)
D"v=av 1l g ; (3)

1
DW= lgv 1+ Loy’ U 4)

[

Due to the nature of fractional derivatives, we must replace the typical impulsive model for radiotherapy
ment with a continuous death rate term. Using hyperbolic tangent to continuously approximate the Heavisic
tion, we can simulate radiation induced cell death over a de ned treatment window time interval. The con
of this death rate term preserves the history dependence of the fractional derivative. It also improves com
time for both ODE and FDE models, providing a speed-up that would bene t large scale computations <
parameter tting with stochastic algorithms or virtual clinical trials.

Our work shows that for the clinical data application we explored, the fractional derivative provided no
tional bene t to the model. In fact, fractional orders below 1 showed unphysiological regrowth following 1
ments. Model comparisons through information criterion con rm the fractional order was not well exploite
this application. The best model for our clinical dataset was found to be the simplest one, the ODE mc
exponential growth.
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For given positive integersr andn with m< n, the Prouhet-Tarry—Escott problemsks if there exist two
disjoint multisets of integers of siazehaving identicakth moments for 1 k m; in theideal case one requires
m= n 1, which is maximal. We describe some searches for ideal solutions to the Prouhet—Tarry—Escott p
especially solutions possessing a particular symmetry, bottzosed over the ring of integers of several imagina
quadratic number elds. Ovet, we signi cantly extend searches for symmetric ideal solutions at sizes 9, 10
and 12, and we conduct extensive searches for the rst time at larger sizes up to 16. Fobtbe guadratic num
case, we nd new ideal solutions of sizes 10 and 12 in the Gaussian integers, of siZgi9 #), and of sizes 9
and 12 in the Eisenstein integers.
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Calibration of mathematical models in systems and synthetic biology is typically carried out as an i
problem: observations of system behaviour are compared against model simulations in an attempt to i
values of model parameters. Accurate parameterization is required to ensure con dence in model predict
use in investigation of existing phenomena and in model-based design of constructed or modi ed systems

The collection of experimental data to support model calibration (e.g. precise measurements of d
behaviour) often consumes considerable resources. Consequently, it is worthwhile to pay careful atte
the design of these experiments. The theory of optimal experimental design (OED) provides theoretici
for identifying experiments and data collection procedures that will most ef ciently contribute to a given n
calibration objective.

When working with linear, static, systems there is a well-established literature on optimal experimental (
dating back to the work of Fisher in the 1920s [1]. However, when working with nonlinear, dynamic model
theory is much less robust, with speci ¢ tools having been developed for particular model types and appl
domains. Here we present our recent work on the development of OED tools for use in the area of syste
synthetic biology — for calibration of dynamic models of biomolecular networks.

In particular, we introduce the opportunities for model-based OED in molecular biology [2] and pres
case study on investigating the effect of growth rate on physiological parameters in bacteria [3]. We then
a novel reinforcement-learning based approach to OED, illustrated by application to the task of charac
growth characteristics of a culture in chemostat conditions [4], and close by introducing a novel softwa
(NLoed) for easy access to ef cient OED techniques [5]. The package's capabilities are illustrated by appl
to an optically controlled gene regulatory network in an engineErembli strain.
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The Great Slave Lake (GSL) experiences seasonal variation in long-term temperature trends and ice ph
which are in uenced by changes in Slave River in ow due to the factors such as climate change, upstrean
management, and water extraction (see Refs. [1, 2]). The Slave River ows through Lake Athabasca and tt
River Delta (SRD) before reaching GSL, bringing a rise in temperature that triggers the ice break-up pro
the lake (see Refs. [3, 1]). Therefore, monitoring the SRD break-up processes and trend can serve as inc
the overall break-up trend in GSL.

This research aims to develop a tool for mapping the SRD ice break-up processes, using machine
(ML) techniques. Among ML methods, Random Forest (RF) has shown strong potential in lake ice mappil
Refs. [4]). To achieve this goal, a combination of satellite images with optical sensors at high spatial resc
including Landsat-5, Landsat-8, Sentinel-2a, and Sentinel-2b, are used. The RF model was trained using r
selected training pixels to classify ice, open water, and cloud within the SRD. In addition to Landsat and Set
bands, two indexes, including the Water and Ice Classi cation Index (WICI) and a texture-based variable, tF
average gradient of the red band, have been added to improve the model's performance (see Refs. [5]).
with independent scenes shows accuracies of 90% and 97% for the Sentinel2 and Landsat models, respe

Break-up dates are identi ed based on the proportion of the ice versus water pixels in images with le:
20% cloud coverage. The break-up start period is de ned by minimum and maximum thresholds of 60% ar
on ice fraction, which is a trade-off between maximizing the available images and not including images ce
after the break-up period. The results show a statistically signi cant trend from 1984 to 2020 with a magnit
0.7 using the Mann-Kendall test and Sen's Slope estimator. These ndings can inform policymakers and re
managers in making decisions that support the needs of northern communities in Canada.
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Abstract: Nonlinear networked connected systems, like multi-agent systems, intelligent transportation s
tems, and communication systems, mostly suffer from time ddl@yto the transferred data either in system states
or in input signals, which may cause ineffective cdrdral instability. On the other hand, based on the system
specifications, the control gain may consist of the delayege, which results in singularity in control procedures.
Moreover, practical systems are inevitabkposed to external disturbances.tmother hand, in real applications
there are hardware constraints, such as throttling saturatiortslligent transportation systems, or software lim-
itations, such as packet drop probability in networks, wieiatis the control procedures to be designed specifically
to satisfy the system restrictions.

To this end, a general format of nonlinegstem description is assumed as below:

6P L §F C5:R,:5:P FLRQP F E 4P,

&R L# R E QE @R, (1)
'5:R L §:R,EP BFi07

‘6P L g:P,,EP BFi0?

where :5:P D ®'%nd:q:R D O'%are system stateG::5:P, :5: P F, B D ' fepresents a nonlinear
matrix function, Q BF M8 the input signal vector in whicHs the number of input signalsis a known constant
time delay,05 ® @d'%nd 05 B @' 5are constant vectors# D2 94is a constant matrix@: P and @: P, are
disturbances with theparopriate dimensionsis:P. D % 1074%;and 1 4:P D % 10742 ; are vector-
valued initial-condition functions.

Therefore, it is imperative to propose a robust procedure to tackle the impaasterofal disturbances and
input delay as well as to be implementable in constragystems with singular control gain. To this end, an
adaptive robust procedure is proposed based on fralctimtex predictive sliding mode method through which,

1) The stability of the nonlinear system with both inpartd state-delay is ensured via Lyapunov theorem.

2) The control objectives are achieved despigzdlexists singularity in the control gain.

3) Input delay is compensated.

4) The input signal saturation is achieved by a systentigtib@signed procedure, but not by limiting the control
parameters.

5) The procedure is robust against external disturbances.

The prevalent procedures generally ignore input deshalyrely on parameter design to address system limita-
tions, which leads to a highly restect feasibility of the method. Furthermore, singular control gains are usually
ignored by simplifying approximations, which results in inappropriate control metHodegever, this study takes
a different approach. It first develops a predictomitigate the effects of input delay and then proposes a com-
pensated system to address inpghal limitations and singular control gain. Furthermore, the designed methoi
incorporates a fractional-order sliding mode approa@mns$ure robustness, with adaptive laws designed to allevi-
ate chattering phenomenon, as an unavoidable aspecting stidde procedures. Finally, simulation results of an
application are presented to illustrate theeif/eness of the theoretical advancements.

Keywords: Adaptive fractional-order control, Input delayngpensation, Nonlinear delayed systems, Saturated
input, Singular control gain, Sliding mode procedure.
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Virtual levels, also known as threshold resonances, admit several heuristic characterizations:
(1) there are corresponding “virtual states” frafor a space “slightly weaker” thar?;

(2) there is no limiting absorption principle (LAP) in their vicinity (e.g., no weights such that the “sandwic
resolvent is uniformly bounded);

(3) an arbitrarily small perturbation can produce an eigenvalue bifurcatingsom
We generalize the classical approach by Jensen—Kato [1] and Jensen—Nenciu [2] to the case of genera
spaces and provide applications to Schrédinger operators with nonselfadjoint potentials and in any dirr
We describe a construction which allows us to derive optimal LAP estimates on the resolvent near a poin
spectrum which is not a virtual level. In particular, the construction applies to the Laplacian in dimension 2 (
the estimates were not known even in the selfadjoint case).

In our framework [3, 4]A2 C(X) is a closed operator in the Banach spXcéNe pick Banach spac&sand
F with continuous embedding’s,!e X 'J F (not necessarily dense). We assume it closable irF.
De nition. LetW r (A) be a subset of the resolvent set/oR C(X). We say that a poirtg 2 Sesd A)\ TW
is apoint of the essential spectrum of ranR INq relative to(W; E; F) if it is the smallest nonnegative integer fc
which there is an operattr2 B go(F; E) of rankr such thatV\ D4(z5) r (A+ B),whereB=e b j 2 B go(X)
andd > 0, and such that there exists the following limit in the weak operator topolo8y(&f, F):

A+ B Zoly)l o= w-lim i (A+B zik) ! e: E! F: 1
( ZOX)W,E,F 2 20 2W Dd(Zo)J ( X) ( )

If r = 0, sothatin (1) one can tal&= 0, we say that the resolvent Afsatis es LAP at g relative to(W, E;F).
If r 1, then we say tha, is avirtual level of rank rrelative to(W; E; F).

If Y 2 Range (A+ B zon)W;lE;F (whereB=e b j, b2 BgyF;E) is such that the limit (1) exists) & 0,
and(A zlp)Y = 0, thenY is called avirtual stateof A relative to(W; E; F) corresponding tap.

In the application to Schrédinger operators, we prove, in particular, that fdr?(R%,C) ! L2(R?;C) which is
D-compact, there is the following dichotomy:

Either there is nonzerg 2 L¥(R?%;C) such tha{ D+ V)Y = 0 (“z = 0is a virtual level");
Or for anys> 1 the mappingg D+V zl) 1: L}Y(R%C)! L%2(R?C) andL?(R%4C)! L¥(R?%C) are
bounded uniformly fojz < d, z640;+ ¥), with somed > 0 (“resolvent satis es LAP aty = 0”).
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The Mutation Spectrum May Promote Cancer Development in Most Cancer
Types
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Mutational processes in human cancer differ across cancer types. Understandipgoitesses can
yield insight into the development of malignancy, and thus there is increasingtimegesome sequencing
of cancer cells and detailed analyses of cancer mutations. It is well-knoasexual populations that in-
creased mutation rates can be advantageous by giving more access to benefiamsnis have recently
demonstrated that having the "right" mutation spectrum can also improve accessitiabemahtions, while
KDYLQJ WKH 3Zu Bp@drunPcdwtbrsthiReffect. Since cancer cells reproduce asexually, we
this idea in cancer by finding the Cancer Driver Mutation Spectrum (CDM®) comparing it to mutation
spectra in different cancer types. We find that spectra in hyper-muagatoer types (skin and colon) are mod-
erately positively correlated with the CDMS, while spectra of most othetyper-mutator cancer types are
almost perfectly correlated with it. This indicates that non-hyper-mutatorreameg be favoured to develop
due to their spectrum, while the elevated mutation rates alone foas#ticolon cancers give a sufficient in-
flux of cancer-driving mutations.
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Proportional Consistency in Apportionment Methods
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This talk explores a little-studied property of apportionment methods that captures how allocations s
the house size scales: speci cally, if for a xed population distribution, a house size and allocation can be
down within the set of integers, then the apportionment should be correspondingly scaled down. We
this property, which Balinski and Young [1] identify, along with weak proportionality, as among the fundamr
requirements for “reasonable” apportionment methods. We argue that this property is better understo
consistency requirement since quota-based apportionments that are less proportional meet this requirem
others that are more proportional do not. We also show that the family of quotatone methods based on st
divisors (including the Quota Method [1]), do not meet this requirement.
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Magnesium transport in the kidneys effect of sodium transport inhibition
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Magnesium (Mg') plays an important role in several physiological functions and its deficlemEyeen
associated with neurological and heart disorders, hypertension, and tygtetesli The kidneys play a central
role in maintaining serurivig?* within a narrow range (0.74.10 mmol/). To understand the mechansm
involvedin Mg?* reabsorption in the kidney, we integratdd?* transport to our previously developed epithe-
lial cell-based computational model of solute transport along eralefemale rat nephron [1] (Fig. Mg?*
transport along the nephron is strongly coupled to active sodiuf) {dasport. Different antihypertensive
diuretics inhibit Na transporters that facilitate Mgreabsorption along the thick ascending limb (TAL) and
distal convoluted tubule (DCT). In this study, we investigated the effect of iatiidéion of three such\a’
transporters on Mg excretion: (1)Na-K-2Cl cotransporterNKCC2) (bounded by the green box in Fig. 1(A))
which is inhibited by loop diuretics, (a-Cl cotransporterNCC) (bounded by the blue box in Fig. 1(A))
which is inhibited by thiazide diuretics, and (3) epithelial Na channel (ENaC) (bounded by the pink box in
1(A)) which is inhibited by K-sparing diuretics. Our model simulatishew that acute inhibition of NKCC2
and NCC cause significant increase in2Vgxcretion, whereas ENaC inhibition decreasesg*Mgcretion
compared to the baseline values (Fig. 1(B)). Also, female rats have highease in M excretion with
NKCC2 inhibitioncompared to male rats (~10% higher), whereas for the other cases, the increase is simil

(B)

(A)

SR

Figure 1: (A) Schematic diagram of Mgtransport along a nephron and (By>* excretion in the baseline camed on
NKCC2, NCC, and ENaC inhibition in male and female.fddephron image adopted from [2].
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Observer and Command Filter-Based Prescribed Performance Control for a
Class of Nonlinear System with Mismatched Disturbances
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In this paper, a command Iter-based prescribed performance controller is designed for a class of no
systems subject to mismatched disturbances.

A general strict-feedback nonlinear system can be represented by a family of equations of the form
8
2 X)) = xe1()+ fi0§)+ di(t); i=1;2;::5;n 1
S Xn(t) = u(t) + fn(Xn) + dn(t); 1)
" y(t) = xa(t);

output,fi,i= 1; ;nare continuous nonlinear functiord(t),i= 1; ;nare mismatched external disturbance

In the design of intermediate control signal, disturbance estimations are introduced to compensate the
caused by external disturbances.

The disturbance;(t) can be expressed by the following exogenous system

wi(t) = Biwi(t)

(1) = Ewi() (2)

wherew; 2 R™ is the state vector of exogenous syst&2 R™ M™andE; 2 Rt ™M are the known matrices.

The so-called "explosion of complexity" problem in traditional backstepping procedure is solved by con
Iter technique. To enhance the control performance further, a prescribed performance function (PPF) chi
izing transient and steady-state performance is used for the tracking error transformation. The proposed c
can ensure that the output tracking error converges to a prede ned arbitrarily small residual set, and all the
of the closed-loop system can be bounded. Theoretical results are validated and illustrated via simulation €
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On mean eld games and master equations through the lens of conservation law:
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It is now well-understood that the Master Equation in mean eld game theory is a non-standard nor
transport equation on the space of probability measures, whose “characteristics” are a forward/backward s
Hamilton-Jacobi/Fokker-Planck equations. It turns out that, when the coupling occurs only in the terminal ¢
the game, one can write instead solve the mean eld game through a transport equation that has a more
structure.

We can study classical solutions to such equations by taking “monotone" data, in the sense derived f
classical study of balance laws. It turns out this condition corresponds neither to Lasry-Lions nor to displa
monotonicity.

In addition, in the case where this balance law becomes conservative, it turns out a dimension reductiol
that allows us to view it as a classical ( nite-dimensional) conservation law. Then we can study entropy sol
and in particular we can see whether and in what sense these solutions correspond to Nash equilibria. In so
it they can be shown to select among multiple equilibria in a natural way. In other cases, due to well-undt
phenomena in the theory of conservation laws, entropy solutions do not always give us equilibria, even wh
equilibria exist!

Figure 1:The AMMCS Conference is organized in cooperation with SIAM and AIMS.

References

[1] P. Graber and A. MészarosOn mean eld games and master equations through the lens of conservation |
https://arxiv.org/abs/2208.10360

125



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada
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A fundamental challenge in the numerical solution of multidimensional partial differential equations (F
is the exponential increase of the number of unknowns as the number of dimensions increases; on an
grid with d dimensions ana unknowns in each dimension, the number of unknowr@(is®). This exponential
increase is known as the curse of dimensionality, which creates dif culties in obtaining accurate solutions fc
moderate-dimension problems. In the context of computational nance, multidimensional PDEs arise frc
pricing of multiasset options or options with multiple risk factors considered, as each option/risk factor le
a spatial variable. We use a sparse grid combination method to alleviate the curse of dimensionality and
computationally ef cient results for multidimensional pricing problems for European and American options
Black-Scholes model.
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This report investigates a stabilization method for the rst order hyperbolic differential equations of traf ¢
The Lighthill-Whitham-Richards (LWR) model utilizes the continuity equation to model the behavior of tr
[1]. We use the LWR model in conjunction with the Greenshield's model, resulting in (1),

r, o, 2,

T @)
Wherer (x;t) represents the density, is the free ow speed, andy, is the maximum jam density. It is known the
the usual unstabilizaed nite element method contains spurious oscillations for non-smooth solutions. To s
the nite element method the authors consider adding a Vreman Iter based stabilization term in space uset
Numerical analysis of the stabilized nite element algorithms and computations describing a traf ¢ setting
studied herein.
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The unprecedented growth of demand in aviation industry has caused ovelyddgatcicheduling by
most commercial airlines leading to congestion and scarcity of resounoesy airports. A major drawback
of such developments is increasing flight delays, espee@idién a major disruption occurs. The execution of
the airline operation is often deviated from the original schedule due tousmxrpeected disruptions, such as
aircraftbreakdowns and severe weather conditions. Any delay related to resourceseaiufights will
further impact its connected downstream flights. In this situation, &epcplan is needed to get the irregular
operation back to normal. During the ldstade, considerable attention has been given to producing proacti
schedule recoveryigns to limit the impact of flight delays in the network.

Because of the interdependencies of different resources such as aircrafisancepassengers, the delay
of an earlier flight can propagate across multiple downstream flightsygiaalf delay pppagation is a com-
plex task and is not fully understood, especially if the scarcity of aiggotirces is also considered. Recent-
ly, researchers have paid more ditemon how both airline and airparlated capacity limitations influence
delay propagation across a network. This research is motivated by exploringiepiemdencies between
flight scheduling and airport operatiolssmake better resource allocatiémthis on-going researclwe are
trying to develop a simple approach to quantifying delay propagation caused by pripaitid rescheduling
the flights in a hub airport. A congested airport may pgapadelays to its connecting airports through the
delayed flights. However, we do not consider delays caused by congestions atmbhisrdownstream in the
network and only trace the propagated delays caused bydtigbtule displacemenStudies like [1] fo-
cused on predicting delay as a result of recovery decisions made byrem Hiolwever, we intend to evaluate
the downline impact of an airport operatiodatisions toeschedule th#lights based on priority setting and
its constrained resourceBhe study in [2] assumes that the reference airline has some influencénopridig
oritization when deciding on flightsleparture times at a hub airport. The study in [3] investigated the rela-
tionship between planned schedules and delay propagatsequential flights. They created a propagation
tree representing the set of @éwnstream flights that could potentially be delayed as a result of thée-oot
lay. However, mpactsthrough cabin crew arghssengers as well as recovery options are excladbdir
study.Propagation tree is a useful tool for tracking the delayraatgtfrom a single flight through the net-
work. The TREE modelling approach in [4] considers both limited airport dg@aa fight connections as
mechanisms for delay propagation.
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A new approach to Scattering: On the Asymptotic states of Nonlinear Dispersive
and Hyperbolic equations with General Data

Avy Soffer!,
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| will present a new approach to nding the asymptotic states of Nonlinear Wave Equations with general
data. In particular we nd for a large class of equations that all asymptotic states are linear combinati
free wave, localized part(solitons, breathers..) and a possibility of self-similar solutions as well in some
These results hold for initial data for which the H1Sobolev norm (the energy norm) is uniformly bounded in
This answers the question of Asymptotic Completeness to a large class of equations, including for the r¢
equations with time dependent potentials. These are joint works with Baoping Liu (Peking Univ) and X
Wu(Rutgers).

130



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

Computational modelling of heat transport in kinked nanowires
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Thermal transport in nanosystems is dif cult to understand: simple diffusive models do not capture the n
of vibrations in systems that are on a fundamentally small scale. Scattering mechanisms must be col
when the transit lengths of vibrational quanta, phonons, are large compared to characteristic system size
work, we seek to compare classical solutions of the heat equation with the result of an up-and-coming me
phononic thermal transport: the Lattice Boltzmann Method [1]. This generalized method uses a discretize:
to model the Boltzmann Transport Equation and takes into account ow and scattering of arbitrary carriers
case of thermal transport, phonons are used as carriers to model heat. We apply these two calculation m
models of hanosystems in order to examine both surface and size effects.

Serpentine nanowires (nanowires with 90-degree bends) are an interesting eld of study, due to their sig
thermal transport suppression and uniqgue phenomena such as phonon-blocking and corner cutting [2,
work examines kinked nanowires, where a bend is applied at the center of the wire, obstructing phonon trai
compare the results of classical solutions of the heat equation and the Lattice Boltzmann method, and use
study the difference between heat transfer in classical systems and nanosystems.
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Stability-Type Properties for Cascade Impulsive Systems with Input Disturbance
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This work is concerned with a class of nonlinear interconnected systems undergoing input disturbance
pulsive effects. The disturbance is time-varying with bounded amplitude and impulses are viewed as jumg
bances to the system.

Some suf cient conditions are given fanput to state stability(ISS), a stability notion that deals with th
impact of the input disturbance to the exponential (or asymptotic) stability of the equilibrium solution ¢
unforced system. To achieve ISS, the system is decomposed into two cascaded impulsive subsystems
the derived subsystem with the input disturbance and driven subsystem with input being the state of the
subsystem. Then, the ISS for each impulsive subsystem is developed. We observed that the cascac
ISS impulsive subsystems is ISS and, as a special case, the cascade of exponentially stable unforced
subsystem and ISS impulsive driven subsystems is exponentially stable.

The above ISS result is carried further to establishinbegral-output to state stabilitffOSS) for the cascadse
of anintegral-input to integral-output stablienpulsive subsystem that is stabilized bytén controller and an ISS
impulsive subsystem. iOSS is a characterization of ISS where the available output of the derived subs
cascaded to the driven system.

The Lyapunov method is used to achieve ISS and iOSS where each subsystem admits an ISS-Lyapur
tion. Then, the full system is ISS or iOSS with a Lyapunov function being the composite of the aforemen
ISS functions.

Numerical examples and simulations are presented to clarify the ndings of this work.
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A modi ed error in constitutive equations formulation for elastodynamics inverse
problems in the elastography eld
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Shear wave elastography is a technique used to estimate the mechanical properties of tissue from meas
of its deformation [3]. These mechanical properties can be used to noninvasively diagnose and help \
treatment of various diseases like cancer, and liver brosis. To compute the mechanical properties, one t
solve an inverse problem governed by a differential equation model [2]. | present a modi ed error in const
equations (MECE) formulation to solve the elastodynamics inverse problem. This formulation is a variant
least squares method that has been widely used in the inverse problems eld. Some advantages of th
formulation include the fact that it is robust in dealing with noisy or missing measurements, and it does not
boundary conditions in the forward model [1]. | explain some of these mathematical properties and shou
computational experiments with simulated and measured data.
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Calculation of carriers mobility in single-layer supported Phosphorene using the
energy loss method
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In this study the energy loss method (ELM) within the self-consistent transport theory is used to investig
mobility of carriers in a single-layer of doped Phosphorene that is supported with a substrate. It is assumed
main limiting process for the mobility of carriers is the Coulomb interaction between them and charged img
that are randomly distributed in the substrate. These charged impurities are distributed in a two-dime
(2D) plane inside the supporting material, and a hard-disk model for the charged impurities is used to invi
impurity structures with large packing fractions. To obtain the dc mobility of carriers in Phosphorene usii
ELM, the polarization function of doped Phosphorene is obtained from the Lindhard function of a 2D el
gas in the zero-temperature limit, and an appropriate transformation is applied to take the anisotropic ef
Phosphorene into account. It is shown that the dependence of Phosphorene's mobility on its charge carrie
is strongly affected by the Phosphorene-dielectric gap and the precise position of the 2D distribution of ¢
impurities. The anisotropy in the mobilities in the zigzag and armchair directions is also strongly affected
structure of the randomly distributed charged impurities and the carrier concentration. The investigation als
into account the impact of different structures of charged impurities such as 2D and 3D uniform distributit
the mobility of carriers. Finally, the results obtained from the ELM are compared with those obtained fro
Boltzmann transport theory, which requires a non-linear integral equation to be solved to nd the zero-temp
momentum relaxation times. It is shown that the two sets of results are in excellent agreement.
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Spectral Expansions for Credit Risk Modelling with Occupation Times
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We study new structural credit risk models that provide exible alternatives to the well-known Black-
model. The defaults within our models are characterized in accordance with Chapter 7 (a liquidation p
and Chapter 11 (a reorganization process) of the U.S. Bankruptcy Code. There are three possible regil
rm value is above a reorganization barrier (normal state), below a liquidation barrier (default state), in be
the two barriers (danger state). Firms have lower default rates in the normal state while having higher
rates in the danger state. Firms are forced to liquidate as soon as they enter the default state. The ris
default probabilities hence involve joint probability distributions of the underlying rm value with imposed kil
at the liquidation barrier and its occupation time with respect to the reorganization barrier. Occupation tin
powerful tools in credit risk modelling as they correctly measure the cumulative time spent in each regime.

An analytical method is used to nd the no-arbitrage value of credit derivatives. The joint probability d
butions are expressed as spectral series expansions which allow us to write pricing formulas explicitly as
series that converge rapidly. The spectral methodology works for solvable diffusion, such as the geometri
nian motion (GBM) and the state-dependent volatility diffusion based on the squared Bessel process. '
calibrate our models to market credit default swap (CDS) spreads. Our calibration results show that the ct
tions are done in ef cient manner and the tis near-perfect.
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Probability distributions in proteomics data analysis: current status and next
steps
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One of the goals of tandem mass spectrometry experiments is to identify the presence of peptides or
in a complex biology sample. Applications of proteomics studies include the detection of biomarker prote
the early detection of cancer. In practice, peptide-level and protein level identi cation experiments do not i
yield perfect results. For the purpose of interpreting experimental results and designing follow-up experi
biologists bene t from the availability of statistical scores to measure the accuracy of these experiments
result, many methods have been developed in literature to compute statistical scores associated with pep
and protein-level identi cation experiments. This work presents a review of recently developed parameti
non-parametric probability methods used to analyze data for peptides and proteins from tandem mass spec
We highlight limitations for some of these methods and explore possible extensions for future research.
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We have powerful tools for the algebraic analysis of nite state automata (FSA) and their associated tr:
mation semigroups [1, 2]. However, constructing an automaton meeting the requirements for a given cc
tional problem may cause some dif culty. We can consider FSA as a low-level programming language, ¢
to Turing-machines, where one can write programs for this mathematical de nition of a computer. Unfortut
FSA are even further away from high-level programming languages, since a Turing-machine has at least it:
a dedicated memory device, while the FSA need to implement memory structure in their state sets. Thus, |
be truly horrible as a programming paradigm to solve arbitrary problems requiring nite memory. On the
hand, they can have more exotic and ef cient memory handling tailored for a given task.

We de ne a computational task as a list of input-output pairs. The goal here is to have a faithful nite
automaton representation realizing the behaviour speci ed by the set of word-symbol pairs. We require 1
synthesized FSA are able to reproduce the same output symbols as speci ed by the pairs in the course of pr
any given input word. This is similar to machine learning, but the process is exact and not statistical
envisioned application is to create FSA to play a perfect strategy in a game.

In this paper we describe how to use relational (logic) programming [4, 3] to solve the FSA constri
problem and compare that to other algorithms.
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We describe a new notation for nite transformations. This compact notation extends the orbit-cycle nc
for permutations and builds upon existing transformation notations. It gives insight into the structure of tr:
mations and reduces the length of expressions without increasing the number of types of symbols.

In this paper, we review previously proposed hotations, de ne our compact notation by a grammar anc

| oG
& G
G

Figure 1. Digraph for an example transformation with a “conveyor belt' trajed#y3,2] and a branch-
ing tree [[8,9]5],6,7]1] collapsing into a transpositiof1,2) . In compact notation this is denote
([8,915].6,7[1].[4,3,2])
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We describe an extension of the Bayesian Additive Regression Trees (BART) model to model spati
that has been aggregated into small regions (e.g. census tracts, neighborhoods, etc.). Default implem
of BART would represent these areas using several binary indicators, one for each region. Regression tr
with these indicators partition the regions using a “remove one a time strategy.” Unfortunately, the vast
of partitions of the levels cannot be built with this strategy, severely limiting BART's ability to “borrow stren
across areas. We overcome this limitation with a new class of regression tree and a new decision rt
that can assign multiple levels to both the left and right child of a decision node. Our decision rule pric
partitions the areas into spatially contiguous regions by deleting edges from random spanning trees of a
de ned network. We implemented our new regression tree priors in the exBART package, which, compa
existing implementations, often yields improved out- of-sample predictive performance without much add
computational burden. We demonstrate the ef cacy of exBART using an example about the spatioter
modeling of crime.
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Dynamic behaviors of a stochastic genetic regulatory networks with switching
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Gene regulation plays a crucial role in cell metabolism, signal transduction, and disease in biological growt
reproduction. In this process, genes are mutually regulated by each other[1, 2]. Genetic regulatory networ
powerful tool to reveal the internal mechanisms. Considering the non-ignorability of the random perturbatior
temporal variation of environmental parameters[4] and impulsive effects caused by subsystem switching|=
dynamical behavior of stochastic switched genetic regulatory networks (1) with impulsive effects is modeled

(

dX=(Gst)fsy(X)  KspX)dt+ hsy(X)dW(t);  t6 1)

DX(t) = Ps(t)X, =t
Here, X(t) = [ x1(t);X2(t);  Xa(1)], Xi(t) is the concentration of the protein transcribed byithegene. The

switching rules (t) is a piecewise constant function about tin®&, ) = diadf g1s();G2s(r)s > Gns ()9 IS produc-
tionrate.Ks ) = diagf kis ) Kosrys  + Kns (ry g represents degradation rafg ) (X) = diagf fis¢)s fosy: 5 fas ()9
and fisy) is shifted Hill functionhs ) (X) is the noise intensity matrixV(t) denotes a-dimensional independent
standard Brownian motion®X(t) = PsX = X(t*) X(t ) is the impulse.

Then, based on the Itd formula and inequality techniques, several new suf cient conditions are establ
to ensure the stochastic stability in the mean square. Finally, numerical examples and computer simulatic
provided to con rm the validity of the theoretical results.
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Childhood absence epilepsy (CAE) is an idiopathic generalized epilepsy disorder which affects childi
tween the ages of 4-12 years. It is characterized by sudden brief periods of impaired consciousness o
several times a day. One of the most confounding features of CAE is its ability to spontaneously resolve in
cence in roughly 80% of cases, while in others it can progress into more severe types of epilepsy. There ret
inadequate understanding of some of the factors involved in remission that can inform early intervention pr.
According to some functional connectivity studies, there exist pre-treatment connectivity differences betwt
tients who ultimately experience remission and those who do not, namely increased frontal cortical connec
the time of diagnosis. There is also substantial evidence on the effect of sex steroids on human (and anim
rhythmic discharges, particularly the effect of progesterone metabolite allopregnanolone on the action of ¢
Aminobutyric acid (GABA), an inhibitory neurotransmitter. We have developed a computational model «
thalamocortical network to study the role of allopregnanolone on network behaviour in the eventual resoll
CAE. The results from this research can possibly better inform therapeutic decisions relating to early interv
tailored to intrinsic network connectivity arrangements, which can be evaluated prior to the start of treatm
at the time of diagnosis.
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Event-Triggered Impulsive Stabilization for Nonlinear Systems
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Impulsive control is a control paradigm that uses impulses that are state abrupt changes over negligil
periods to control dynamic systems. Most of the existing results on impulsive control problems focus or
triggered control strategies. More speci cally, the moments when the impulses happen, normally called ii
times, are pre-scheduled which makes time-triggered control strategies simple to implement. To improve i
control ef ciency, event-triggered impulsive control has been successfully developed recently, the idea of w
to determine the impulse times or the instants of updating the control signals by a certain event that occi
when the system dynamics violates a well-designed triggering condition.

This talk focuses on the impulsive stabilization of nonlinear systems. We propose two types of event-tric
algorithms to update the impulsive control signals with actuation delays. The rst algorithm is based on cont
event detection, while the second type makes decisions about updating the impulsive control inputs accc
periodic event detection. Suf cient conditions are derived to ensure asymptotic stability of the impulsive ¢
systems with the designed event-triggering algorithms. Lower bounds of the time period between two cons
events are also obtained so that the closed-loop impulsive systems are free of Zeno behavior.
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Noise-induced Synchrony Near a Hopf Bifurcation with Asymmetric Noise and
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The study of emergent dynamics in complex neuronal networks has been a topic of great interest in
science. Two fundamental components, coupling and noise, have been identi ed as key factors that conti
the emergence of these dynamics. While the roles of equal coupling and symmetric noise have been exi
studied, the mechanisms behind unequal coupling strength and asymmetric noise, and their respective €
neural dynamics, are still not well understood, despite their apparent relevance.

Moreover, this study aims to investigate the simultaneous interplay of these two components in the s
network motif: two bi-directionally coupled excitable neuronal oscillators, each subject to its own intrinsic |
Our results indicate that the synchronization of neuronal oscillators can be maximized through noise-i
synchrony when one oscillator (source) with weak intrinsic noise is strongly coupled to another oscillator (re
with strong intrinsic noise.

Importantly, we also found that the level of asymmetry in respective coupling and noise applied to tf
neural oscillators has a profound in uence on the level of synchrony. In other words, the degree of asyr
between the two components affects the synchronization of the oscillators, and thus the emergence of
dynamics in the network. We further extended these ndings to a three-coupled neural oscillator in a feed-f
schematic.

These results shed new light on the intricate interplay between coupling and noise in neural networks a
insights into the emergence of complex dynamics that arise as a result of this interaction. By optimizing the
of coupling and noise, we may be able to induce and optimize network synchrony, which has implicatic
the treatment of neurological disorders such as epilepsy and essential tremors. Overall, this study contrib
more comprehensive understanding of the mechanisms behind emergent dynamics in complex neuronal r
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Turnpike phenomena in optimal control
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We provide a characterization of the exponential turnpike property for in nite dimensional generalized |
quadratic optimal control problems in terms of structural properties of the control system, such as expc
stabilizability and detectability. The proof relies on the analysis of the exponential convergence of solution:
differential Riccati equations to the algebraic counterpart, and on a necessary condition for exponential
ability in terms of a closed range test.
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We develop a model-based real-time optimal control scheme for pest management by means of th
Insect Technique (SIT). The proposed framework allows to tune the release of sterile insects accordin
actual presence of pest, and takes into account the constraints on availability of resources in the deploym
control strategy.
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Transmission and establishment of monkeypox in the primary and secondary
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Monkeypox virus, which is typically limited to Africa, began spreading globally, including Europe and N
America in Mid-May 2022. The sustained transmission in Africa and widespread outbreaks globally hic
the importance of risk evaluation, using a one health approach to understand how the virus spread anc
stop it [1, 2, 3, 4]. Monkeypox virus can infect a wide range of mammal species, including rope squirrel
squirrels, Gambian pouched rats, and dormice. African rope squirrel is considered as a particularly pl
primary host in Africa. For other areas where African rope squirrels are less abundant, or absent, other
including incidentally infected wild hosts or captive animals, contribute to viral persistence. In this talk, | wil
present an ODE model for the spread of monkeypox in the primary and secondary host. | will explain how di
factors affect the spillover of monkeypox virus from the primary host to the secondary host. Then, | will
SDE model to illustrate the environmental stochasticity in the transmission of monkeypox. | will then comp:
results under random perturbations with those of the deterministic model. In the end | will discuss how our
can inform the implementation of control measures, especially as the virus adapts to new hosts in new reg
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Bifurcations in Nonlinear Schrddinger Equations with Multi-Well Potentials:
Insights from the In nite Eigenvalue Case
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We will present a new mathematical technique aimed at discovering all coherent structures support
given nonlinear wave equation. It relies on global bifurcation analysis which shows that, inside the Fre
domain, the coherent structures organize themselves in in manifolds which either form closed surfaces
reach the boundary of this domain. We will show how one can nd all the limit points at the Fredholm boul
for the particular case of Nonlinear Schrédinger/Gross-Pitaevskii Equation and use these limit points to
coherent structures (bound states) and their bifurcation points.
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Ranked choice voting (RCV), also known as instant runoff voting (IRV), is a social choice function us
determine the winner of an election in whinlvoters report partial or complete rankings owecandidates. RCV
proceeds in rounds by repeatedly eliminating the candidate with the fewest rst-place votes, whereupon suj
of that candidate shift their support to their next-most preferred candidate in their ranking. The rst can
to win majority support wins the election. We investigate how to predict the RCV winner of an election gi
uniformly random sample (without replacement) drawn from the complete input pro le. In our empirical ana
we draw inspiration from recent work on the “map of elections” [1, 2] in order to test our predictive metho
elections generated by a wide range of statistical cultures.

We propose and empirically test whether we can use other common (deterministic) voting rules to pre:
RCV winner given a uniformly random sample of votes from the input pro le. We observe that, for small se
sizes over a large range of real-world and simulated data, rules like the Borda rule and the Copeland ru
accurately predict the RCV winner than RCV itself. Notably, the results vary depending on where in the r
elections the input pro les are located, which suggests that one could obtain more accurate predictions on €
by rst estimating where the complete pro le is located in the map of elections and then applying the most ac
voting rule for that speci ¢ location.

As an extension to our approach for predicting the RCV winner by using other deterministic voting rule
also examine how well common voting rules (Borda, Copeland, the harmonic scoring rule, plurality, and
predict each others' winners for a wide range of elections generated by statistical cultures in the map of el
extending work previously started by [3] (although they study social welfare functions, which return ranking
we study social choice functions, which return single winners). Results vary by speci c¢ statistical culture, |
general, Borda, Copeland, and the harmonic scoring rule are strong predictors of themselves for almost .
models and sample sizes, but plurality and RCV are often not the best self-predictors.

Lastly, inspired by a similar question asked in the context of positional scoring rules and social welfare
tions [3], we begin an inquiry into the theoretical question of the worst-case accuracy of RCV predicting its
a sample. We provide a construction showing that, even given access to a sampleof §jzbe probability that
the RCV winner on this sample coincides with the RCV winner on the entire pro le is at fnostl)=n? < 1=m.
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Multiplex network modeling for the impact of the opinion and behavior of mask-
wearing on the spreading and control of COVID19
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Initial control measures for Covid 19 that are still in use in mosttaffemountries are hon-pharmaceutical
interventions (NPIs), which have been efficient in controlling virus spreadTHg. efficacy of policy
measures for curbing transmission relies on the extent to which they ara, kimuserstood, accepted, and
adopted in time [2]. On the scale of adherence, social distancing, following isatatimk-down and mask-
ZHDULQJ EHKDYLRU FDQ EH URXJKO\ @H5 K § H BBgaNApEA-@@ dheudis@ipc H |
tive effects of most NPIs, and due to their high societal and economic cost and consgdoerncgmlementa-
tion of effective public information campaigns and mask requirements can pregenbéaefits with fewer
efforts than other NPIs [4]. Mask-wearing is simple to use and its avadilahdide more governments around
the world put policies with recommendations or mandates to wear masks in publig the pandemic.
+HQFH ZH VWXG\ SHRSOH fWeddinyg W atattidiGriedsuAeR XVe PrGpoBeDavgtwork mode
to find out how and to what extent the level of people's behavior and opinion tawtgctipn measures will
affect the spread and transmission of a disease spreading, such as the SEAIRS egidaimiwbdel of
COVID-19. We have demonstrated how two simultaneous spreading processes sudsasspisading and
behavior-changing propagation mutually impact each other within the same mmpglatup by utilizing a
multiplex network. Fear of increasing confirmed cases and intent for beltavifurmity are two behavioral
indices we ascribed to individuals. We could quantify the behavior changing of indévititeko the first act
of matching attitudes and the influence pressure of other connections withetsigotd model and secondly
due to the fear of the increased number of confirmed infected cases by the logistimfuriatise two behav-
ior effects may occur via media news, virtual networks, and communication betvezets fiThen by using
Micro Markov ChaihnmPRGHOLQJ ZH VKRZ DOO WKH V\VWHPTV SRVVDLEQW!
show the emergence of periodic solutions that indicate a reciprocal relgtidrethvieen disease spread and
behavior changes. The existence of periodic solutions provide a reasonable explan@owd¢f9 peak
waves. We observed that when people wear masks due to peer pressure or the feameflatades, it helps
reduce the spread of Covid-19. However, when individuals perceive a decrease in theafiwakes or low-
er usage of masks among their connections, they may stop wearing masks, leadingreasa iim¢he num-
ber of infected confirmed cases. We have shown that repetitive occurrence is egsuitiathese behavioral
changing probabilities.
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Optimal Control of Nonsmooth Dynamical Systems via Direct Methods
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Nonsmoothness can arise in dynamical systems frameworks because of the physical problem beir
eled, the need for nonsmooth control, or mathematical techniques that introduce nonsmoothness to aid
lation/optimization methods. Such nonsmoothness necessitates the development of specialized tools ar
since conventional methods typically require smoothness assumptions to hold. After reviewing the lands
nonsmooth/discontinuous/hybrid dynamical systems frameworks, we turn our attention to nonlinear comg.
tarity systems (NCSs), a class of highly nonlinear and nonsmooth systems which nds use in mechanical s
electrical systems, process engineering, and economics. A computationally-relevant sensitivity theory it
lished for NCSs that is suitable for solving optimal control problems using a direct approach, i.e., parame
discretizing the control and applying gradient-based sequential methods to update the parameters. Usin
graphic directional differentiation, a new tool in nonsmooth analysis, generalized derivative information is ok
that characterizes the sensitivity of an objective function with respect to parameters in the NCS system. W
light similar results for other nonsmooth frameworks, including ODEs and differential-algebraic equation
how this theory can be specialized to linear complementarity systems and optimization-constrained ODEs
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Recent advances in generating convex relaxations for parametric dynamical
systems
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Several engineering applications require deterministic global optimization of dynamical systems that ar
eled as parametric systems of ordinary differential equations (ODES):

x = f(t;p;X); X(0;p) = Xo(p)

A corresponding global dynamic optimization problem is then:
J = min J(P); (1)

whereJ(p) g(p;x(t;;p)) involves the nal value of the ODE solution trajectory.

Typical methods for deterministic global optimization proceed by generating upper and lower bounds
unknown globally optimal valug , and then progressively re ning these bounds. In this setting, lower bot
are typically obtained by minimizing convex relaxations of the original system using local nonlinear prograr
(NLP) solvers. Developing useful convex relaxations is therefore critical in global optimization, as is furni
subgradients of these relaxations for use by a subgradient-based NLP solver.

This presentation discusses our recent work in developing convex relaxations for the global dynam
mization problem (1). We developed a new versatile method [1] for constructing these convex relaxation:
solution of an auxiliary ODE system that employs convex and concave relaxations of the original right-hai
functionf. Though subgradients of nonsmooth parametric ODEs are traditionally dif cult to furnish, we deve
and implemented a new subgradient evaluation approach based on adjoint sensitivity analysis [3] and ne!
in nonsmooth analysis. As an alternative to this approach, we developed a tractable underestimation ¢
based on derivative-free sampling [2], for computing weaker yet computationally inexpensive lower bound
out any access to gradients or subgradients. Numerical examples are presented for illustration, and imp
are discussed.
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Study of high-order time-stepping schemes with non-smooth initial conditions
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Nonsmooth payoff functions are common in nancial contracts and pose problems in obtaining high
solutions of the contract prices. In this work, we consider convection-diffusion equations with initial cond
involving various types of non-smoothness. We apply a fourth-order nite difference space discretization n
and BDF4 time stepping, and study the solution behaviour. From the Fourier transform of the discrete
conditions directly sampled from the exact Dirac delta, Heaviside and ramp functions, we observe that tl
order error terms of the discretized initial conditions in the Fourier domain can be canceled out by simple
condition correction schemes that we propose. We also prove that by performing BDF4 time stepping with
order Runge-Kutta (RK3) starting scheme for the rst three time steps, the low-order errors generated k
for nonsmooth data in the high frequency domain get damped away, while there are no low-order error:
low frequency domain. With our new initial condition discretization, and the proposed time stepping scher
theoretically prove and numerically verify that stable fourth-order convergence is obtained. Numerical exarn
European-style digital and call options are also given to demonstrate the fourth-order convergence of our n
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Does the Rule Matter? A Comparison of Preference Elicitation Methods and
Voting Rules Based on Data from an Austrian Regional Parliamentary Election
in 2019
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Based on data collected in connection with the 2019 parliamentary election in the Austrian region of Sty
analyze (the hypothetical use of) different voting rules. Following previous empirical studies in the literature
as [4], [1] and [3], we provide empirical evidence that the choice of the voting rule has in fact an impact
outcome of the election, at least in certain parts of the social ranking. In that respect, the paper also follc
analysis of the 2015 parliamentary elections (see [2]).

Our data shows that among the voters there exists a certain desire for voting rules using more ne-(
preference information. In the survey, 75% of the voters stated that providing more detailed preference infol
is (rather) easy. In that context, we investigate the degree of consistency in the voters' declaration of prefe
something of relevance when different voting rules, that require different levels of information, are usec
analysis shows to which extent the apparent simplicity of different preference elicitation methods actually
con rmed when voters do state their preferences.

Finally, we check for the discrepancy between elicited preferences and reported votes in the case of |
Rule. In that respect we analyze to which extent strategic voting has occurred in the election and what the
reasons for such a behavior might have been.
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Age-related macular degeneration and glaucoma are the first twanaoeause of blindness world- wide,
affecting more than 4.7 million Americans age 40 or older. The onlyrtezd$ available for such ocular
diseases are drug therapies administered via topical eye drops ocularaojections, that have several
disadvantagefgL-3]. In this talk | will present mathematical models for two leé tecently proposed ocular
drug delivery systems: gene therapy treatments [4] and drug delivery bytclemses [2]. We develop a
mathematical model of human ocular pharmacokinetics in three amrgrartments (aqueous, vitreous and
retina) to study and compare the target protein levels in the eygefr therapy treatment vs intraocular
injection treatment, leveraging publicly disclosed information from a ntigene therapy trial [5]. Then, as a
first step in modeling contact lenses as a drug delivery system, we wshenmatical model to estimate the
drug release diffusion coefficient for different contact lenses using previously publishednexpairresults.
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A Biologically-Detailed, Multi-Scale Simulation of Retinal Physiology
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We present a detailed physiological model of the retina that includes the biochemistry and electrophysic
phototransduction, neuronal electrical coupling, and the spherical geometry of the eye. The model is a pe
elliptic system of partial differential equations based on the mathematical framework of the bi-domain equ
While there has been some modeling work based on the bi-domain equations on the retina, this model is
model that includes the spherical geometry of the eye and this level of biological detail.

We generalize the bi-domain framework to a multi-domain one to account for multiple cell-types. W
cretize in space with non-uniform nite differences and step through time with a custom, adaptive time-s
that employs a backward differentiation formula and an inexact Newton method. A re nement study col
the accuracy and ef ciency of our numerical method. Numerical simulations using the model compare
ably with experimental ndings, such as desensitization to light stimuli and calcium buffering in photorece
Other numerical simulations suggest an interplay between photoreceptor gap junctions and inner segmen
outer segment, calcium concentration. We highlight two special applications: analysis of retinal calcium in
experiments and patient-speci ¢ design of electroretinograms.
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A Hamiltonian Dysthe equation for deep-water gravity waves with constant
vorticity
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In this talk | present a study of the water wave problem in a two-dimensional domain of in nite depth i
presence of honzero constant vorticity. A goal is to describe the effects of uniform shear ow on the modula
weakly nonlinear quasi-monochromatic surface gravity waves. Starting from the Hamiltonian formulation
problem and using techniques from Hamiltonian transformation theory, we derive a Hamiltonian Dysthe ec
for the time evolution of the wave envelope. Consistent with previous studies, we observe that the uniforr
ow tends to enhance or weaken the modulational instability of Stokes waves depending on its directic
strength. Our method also provides a non-perturbative procedure to reconstruct the surface elevation f
wave envelope, based on the Birkhoff normal form transformation to eliminate all non-resonant triads. This
is tested against direct numerical simulations of the full Euler equations and against a related Dysthe €
derived by Curtis et al. [1] in the context of constant vorticity. Very good agreement is found for a range of
of the vorticity.
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A Parallel Spectral Solver for the Incompressible Navier-Stokes Equations in
Simple Toroidal Coordinates
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Pressure Poisson Equation reformulations of the Navier-Stokes equations have been used extensively
sign of accurate and ef cient solvers; see, for example [1, 2]. Using this approach, the incompressibility cor
N u= 0is replaced by a Poisson equation for the presputhe accompanying Neumann boundary conditic
ensure that incompressibility is maintained throughout the solution domain. The particular formulation usec
solvers, due to Johnston and Liu [2], reads

u+(u Nju= Np+ Rieﬂzu in W (O;T]; 1)
N?p= N (u Nu) in W (O;T]; 2)
with boundary conditions
_ Tp_ 1 & jp—
u=f and o Ren (N N u on Tw [O;TT: )

While approaches based on projection methods may result in numerical boundary layers [3], approaches
a Pressure Poisson Equation reformulation of the problem avoids this issue altogether. Our solvers are sp
to the simple toroidal coordinate system de ned by the coordinate transformation

x(r;q;f) = (Ro+rcosqg)cosf
y(r;q;f) (Ro+ rcosq) sinf (4)
zZ(r;q;f) rsing

wherer is the polar radiug is the polar angleR is the toroidal radius anf is the toroidal angle. Our algorithn
is based on the high-order representation of the unknown quantities in terms of Fourier and Chebyshev s
higher Reynolds numbers, the eld quantities are treated explicitly, and the time stepping accomplished

fourth order RK4 time stepping, which is known to be convectively stable. In this talk we will discuss details
parallel numerical implementation using OpenMP, and in particular we will examine the overall performal
the code using different Poisson solvers we have developed based on direct methods, as well as an iterat
based on a V-cycle multigrid method.
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Viscous Flow Between Oscillating Concentric Tori
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We have recently developed solvers for the incompressible Naview-Stokes problem based on a Press
son Equation reformulation. The particular formulation used as a basis for our solvers due to Johnston anc
reads

u+(u N)u= Np+ Rieﬁlzu in W (O;T]; (1)
N?p= N (uRu) in W (0;T]; 2)
with boundary conditions
_ e 1 & K —
u=f and o Ren (N N u on Tw [O;TT: 3)

Our solvers are specialized to the simple toroidal coordinate system de ned by the coordinate transformat

x(r;q;f) = (Ro+rcosq)cosf
y(r;q;f) = (Ro+ rcosq)sinf (4)
z(r;q;f) = rsing

wherer is the polar radiugj is the polar angleR; is the toroidal radius anfd is the toroidal angle; a correspondin
velocity eld is u = (ur;ug;uf). Our algorithm is based on the high-order representation of the velocity
pressure elds in terms of Fourier and Chebyshev series. At higher Reynolds numbers, the eld quantit
treated explicitly, and the time stepping accomplished using a fourth order RK4 time stepping, which is kn
be convectively stable. In this talk we will discuss results from an interesting physical problem we have exa
corresponding to the ow inside an oscillating toroidal shell. In this case, the velocity boundary conditions
the form

(0;0;(Ro+ racosqg) sin(wt)) r=ra .
(0;0; (Ro+ rpcosg) sin(wt)) r=rp ’

wherer, andry, are the radii of the inner and outer shells respectively. Such a con guration was recently sug
as a mechanical damping system, prompting our study.

u(r;q;f;t) = (5)
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Subductionis preorder relation de ned on the set of images induced by a transformation semigroup.
be viewed as the generalization of set-theoretic inclusion, since a set can be transformed under the actit
semigroup in order to contain another set. The holonomy decomposition algorithm [2,4,9, 10] is a wreath |
decomposition theorem for nite transformation semigroups and it depends on the subduction preorder. Th
subduction is worth studying in itself.

Green's preorders give ample information about the semigroup's internal structure [1, 6, 7], while subg
captures details of the semigroup action. Therefore, the natural question &lvisakis the connection betwee
the Green's relations and the subduction relatiok®re generally, by aiming to describe the connection betw:
a semigroup action and the internal structure of semigroup itself we may get information on what transfor
representations are possible for an abstract semigroup.

Here, we establish the connection between Gregn€lasses and the subduction equivalence classes de
on the image sets of an action of a semigroup. The construction of the skeleton order (on subduction equ
classes) is shown to depend on transformation semigroups and surjective morphisms, and to factor thre

L -order and j -order on the semigroup and through the inclusion order on image sets. For right re
representations, the correspondence betweeh theass order and the skeleton is one of isomorphism.

The mathematical analysis is illustrated by the computational examples produced by the packages [3, €
GAP computer algebra system [5].
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The Markoff graph is formed by taking one vertex for each nonzero integer solutightty? + 22 = 3xyz
and connecting two vertices with an edge when one triple can be obtained from the other by a Vieta invc
Xy 7' (yz XVY,2), (XY,2 7' (X;Xz V,2), 0or(x;y;2 7! (X;y;xy 2). As Markoff showed in 1879 [1], the
Markoff graph is simply a 3-regular tree. Complications arise, however, when triplesZfoane replaced by
triples from (Z=pZ)?3 that solvex?+ y*+ 22 3xyzmodp for some primep. The resulting graph is generall
far from simple. In fact, there is currently no known, ef cient way to nd a path from one vertex to another
is it known whether such a path always exists. (Though Silverman has just given a path- nding algorithr
subexponential complexity under some heuristic assumptions [2].) It was rst conjectured by Baragar in 19
Markoff mod p graphs are indeed path connected [3], but only the last 8 years has seen signi cant progress
a proof. Speci cally, Bourgain, Gamburd, and Sarnak showed that the set of primes for which the Markoff g
connected has density 1 among all primes [4], and a subsequent result of Chen's implies that the set of exc
primes is in fact nite [5].

In this talk, we show that the Markoff maguigraph is connected if > 2:564 10°°4. The novel theory behinc
this lower bound is that of maximal divisors. We call a divisond® N maximal with respect to some2 R if it
neither exceeds nor properly divides another divisor afnot exceeding. We give explicit upper bounds on th
number of maximal divisors (depending on the relative sizesarfdx) along with data that suggests a conjectu
re nement of our bound, and we discuss how maximal divisors nd use in analyzing certain inclusion-excl
summations like those appearing in Bourgain, Gamburd, and Sarnak’s work on Markofi graghs.
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The solution of the Navier-Stokes equations at high Reynolds number is generally chaotic, random, diss
and characterized by a wide range of length and time scales. Recently, data-driven methods have gained it
popularity for the analysis of Navier-Stokes turbulent ows. This is a critically important new direction becau:
guestion concerning global-in-time existence of smooth solutions remain open as one of the milliennium pr
of the Clay Mathematics Institute. In this paper, we propose a data-driven methodology to perform a compu
search for the observability and reconstruction of 2D Navier-Stokes ows. First, we study the proper orth¢
decomposition (POD) method for observing some a priori bounds of the spatial solution modes on a nit

interval[O; T]: 7
T 2

i ﬁ 0 3(2q2)
. fiuCt9ji G dt® B 7

wherekg ;= %jj u(x;0)jiizwy, 3 9 6, andu(x;t) is a local solution of the Navier-Stokes equation. Next, |
study the dynamic mode decomposition (DMD) technique to reconstruct the observed solution and pre
future state in order to analyse the global-in-time regularity of classical solutions. In particular, we prest
DMD analysis of moving shocks in 1D Burgers equation and chaotic dynamics in 2D Navier-Stokes equat
the presence of cylinder- and airfoil-like solid objects. We show that if the dynamics is observed by maxir
the energy on a low-dimensional space, the dynamic modes of the ow captures the global in time regul:
the solution. The results indicate that the smooth solution is uniquely determined by a nite set of succ
observations, where the necessary number of observations depends on the chaotic nature of the dynami
the data-driven DMD analysis of 3D Navier-Stokes ows at very high Reynolds number may reconstru
global-in-time smooth solution if the observations capture the maximum growth of the energy.
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Mechanistic modelling approaches have become integral to systems biology to describe known physiol:
Ilin the gaps in our understanding of which complex interactions drive host-pathogen responses. They, the
provide valuable insights for public health planning and infectious disease control.

In this mini-symposium, | will present our work on developing a mathematical model to study hur
(antibody-mediated) immunity. B cells and their antibodies are critical to protecting against COVID-19
time [1]. However, it is increasingly evident that waning antibodies after natural infection or vaccination tra
to reduced defence against repeated SARS-CoV-2 infections. To understand the dynamics of antibody prt
from B cells, we constructed a computational biology model describing B cells and IgG-neutralizing antil
coupled with host-pathogen interactions. This model provides better insight into the kinetic processes and
nisms driving the humoral response against SARS-CoV-2. Our model delineates the initiation of B cell res
through their differentiation to germinal center cells, long-lived plasma cells, and memory cells. It sheds li
how antibodies are produced in primary and secondary reactions.
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The Petri nets have proven their effectiveness in modeling discrete dynamic systems whose state evol
con guration space in discrete time steps [4]. In this paper, we construct a Petri net that models the ow «
on a roundabout with entrances, which is symmetrical about its places, and analyse the semigroup relatec
constructed Petri net. An example of the "roundabout” Petri nets with 3 and 4 entrances can be seen in F
The paper focuses on investigating the complexity of the model in Krohn-Rhodes terms using the hol
decomposition of the “roundabout” transformation semigroup and the general properties of such Petri r
differentn [2, 1]. The Petri net is built and converted into a corresponding transformation semigroup wi

e
e
r‘:. n:" .

Figure 1: The Petri net of a roundabout with 3 entrances (left) and 4 entrances (right). Circles denote places that can be occ
single vehicles. Transitions, represented by rectangles and arrows connect places and allow a vehicle 1) to leave roundabout or
the roundabout (though this is inhibited by the presence of a vehicle to the left of the entrance place) and also 3) to move forward ¢
into a place unless it is occupied by another vehicle.

GAP computer algebra system [3], particularly fr@apackage [5]. We examine the resulting semigroup us
holonomy decomposition with tfegpDe@ackage [6], which represents the hierarchical structure of the buili
blocks of the semigroup. We study the natural subsystems of the con guration space and the permutatol
acting on them, some of which are non-abelian or non-solvable.

Exploring the "roundabout" Petri net using holonomy decomposition has given us a deeper understar
the processes taking place on the traf c roundabout. We obtain interesting patterns of changes in the nun
location of vehicles on the traf c roundabout, which are described by permutator groups.
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The sandpile model was introduced in 1987 [1], [2] to study self-organized criticality. It is a discrete
dynamical system always considered on a xed graph with certain toppling rules for the stabilization of th:
gurations of the graph. Such a model leaves room for the variability of both the graph and the stabilization
In this work, we consider the well-known Abelian sandpile model (ASM) on nite graphs of certain families
the non-Abelian model on directed rooted trees de ned in [3].

The interest of the study is the structure of the semigroup and group of recurrent con gurations of the sa
the neutral element and the generators of this group, as well as idempotents, and possible decompositio
semigroups. In ASM we have a semigroup acting on itself and can consider the recurrent group of sand
is the minimal ideal of the commutative monoid. So, for example, the initial study for the Abelian sandpile ¢
the cyclicity of the recurrent group of a circle graph with one sink vertex and the dependence of the gener
of the generator and the neutral element on the size of the graph. In the case of the semigroup being ape
in the case of a non-Abelian sandpile semigroup on a directed rooted tree, we can study the aperiodic col
[4] of the semigroup and constructively show the emulation of the sandpile semigroup by the wreath pro
irreducible semigroups.
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Order Symmetry: A New Fairness Criterion for Assignment Mechanisms
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We introduce a new criteriolrder symmetryfor assignment mechanisms that matdbjects tam agents with
ordinal preferences over the objects. An assignment mechanism is order-symmetric with respect to som
bility measure over preference pro les if every agent is equally likely to receive their favorite object, every
is equally likely to receive their second favorite, and so on. When associated with a suf ciently symmetric |
bility measure, order symmetry is a relaxation of anonymity that, crucially, can be satis ed by discrete assic
mechanisms. Furthermore, it can be achieved without sacri cing other desirable axiomatic properties sati
existing mechanisms. In particular, we show that it can be achieved in conjunction with strategyproofne
universal ef ciency via the Top Trading Cycles mechanism (but not Serial Dictatorship). The practical util
order symmetry is substantiated by simulations on Impartial Culture and Mallows-distributed preferences 1
common assignment mechanisms. Our formalization clari es the difference between TTC and RSD, whic
been treated as completely equivalent by many authors over the last 25 years.
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Ensemble Monte Carlo Penalty Finite Element Method for Navier-Stokes
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We present a novel approach combining the ensemble Monte Carlo technique with a penalty method
ciently solve the time-dependent incompressible Navier-Stokes equations (NSE) with random forcing ant
conditions.

Our algorithm solves a linear system with a shared coef cient matrix and multiple right-hand sides, !
reduces CPU time and memory usage. By relaxing the incompressibility condition, this algorithm uncoup
velocity and pressure, reducing the computational complexity that enables the use of larger ensemble size
ensemble sizes are essential for modeling the uncertainty and variability of ows, particularly for turbulent

We rst apply this algorithm to deterministic NSE and derive an optimal error estimate of the num
velocity using the nite element method with temporal and spatial discretization. Then, we extend it to the
with random forcing and initial conditions, which captures the uncertainty and variability in uid ow.

Theoretical analysis demonstrates the accuracy of our approach. This approach shows promising r
improving ow predictions and has the potential to enhance the ef ciency and accuracy of uid simulations
are currently conducting numerical experiments to validate the accuracy and performance of our method.
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On Optimization of Conservation laws with space discontinuous ux
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We shall discuss optimization problems for conservation laws with space discontinuous ux or evolvin
junction. Such problems are investigated in the context of in ow controls acting at the discontinuity interfe
of distribution controls acting at the junction. The analysis and characterization of the corresponding att
pro les at a xed time for these problems vyields the existence of optimal solutions. Applications to traf c
and petroleum reservoir models will be addressed.
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A Carmichael number is a squarefree, composite, intagéat is a Fermat pseudoprime to the baser
everyarelatively prime ton. Carmichael numbers have long been of theoretical and practical interest. On tt
hand, they exhibit divisibility properties that are of mathematical interest. On the other hand, a table of Carr
numbers is useful for primality testing.

The presenter will report on new work that gives algorithmic improvements to the problem of tabu
Carmichael numbers, the rst such improvements since the work of Pinch [1]. These improvements are e:
to culminate in world record tabulations.
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What can theta functions tell us about abelian threefolds?
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In this talk we will summarize our work of the last six years on the construction of CM Jacobians of dime
3 overC, done jointly with Sorina lonica, Pinar K | ¢er, Kristin Lauter, Elisa Lorenzo Garcia, Maike Massierer
Adelina Manateanu. We begin with a period matrix for a complex abelian threefold which we have consti
to have complex multiplication by a sextic eld, to be simple, and to admit a principal polarization. From
objects we can compute tlieeta constantassociated to the threefold, which are the values taken by some
functions when evaluated at a period matrix of the threefold. Over the years we have succeeded in wrest
of very cool information from these constants!
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In this study, we explore the algebraic structure of two-player games and verify their complexity. Ass
that a game has discrete and nite action and observation space, we de ne its complexity to be the minimal
Rhodes complexity among the best-play automata. This de nition was rst introduced by Rhodes, who alsc
several conjectures on the complexity of Tic Tac Toe, Nim, Hex, and Go [1]. Therefore, our main objectiv
nd suitable state-space formulations for these games, construct their best-play automata, decompose ani
their complexity. Wherever applicable, we also aim to make connections to classical game theory. For e
Sprague-Grundy theorem states that all impartial games have equivalent nimbers [2]. We shall compare
and their resulting winning strategies with our assorted impartial game complexity ndings.

We apply the following methodology. Firstly, we perform a full minimax tree search to obtain the op
sets of strategies each player could use. Secondly, we nondeterministically choose an optimal strategy fc
the players and construct a optimal-play automaton. Thirdly, we apply tools such as SgpDec to decomp
transformation semigroup and check its complexity [3]. At the present moment, we have decomposed
simple games. For example, a sample machine for Tic Tac Toe is shown in Fig. 1 below. In this constr
each state is a board position in opponent's view, and each arrow with label (0-8) represents a possible mc
the opponent. The arrow leads to a new state where our player made an optimal response to the opponel
already. A duplicate therefore illegal move will go to a garbage state permanently. We found two natural suk
acting on valid game states, which implies a Krohn-Rhodes complexity at most 2.

Figure 1:0ne construction of optimal gameplay machine for Tic Tac Toe.

This study is signi cant because it provides an abstract algebraic view on nite discrete games. We col
hierarchical coordinate systems to navigate their optimal gameplay loops and study their complexities. (
our research serves to bridge the gap between algebraic automata theory and classical game theory.
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A Pressure-Based Model of IV Fluid Therapy Induced Volume Kinetics in Cats
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Medical health care for pets is becoming more common. For this reason, veterinary researchers are ir
in the kinetics of intravenous (IV) uid therapy and how it affects the movement of uids within animals. Clin
researchers have in the past used a heuristic linear ordinary differential equation (ODE) model, designed
for humans, that attempts to mimic these kinetics [1, 2]. However, this model is, at best, only loosely basec
physical and biological realities of the phenomena. We have developed a nonlinear ODE model for these
kinetics that is based on pressure, both hydrostatic and osmotic, as the driving force in volume change
plasma and the interstitial space. Our model is of the same order of complexity as the linear model, ha\
same number of free parameters. To assess the model we have compared our new model's and the linez
abilites to t experimental data from cats. These experiments involved measuring hemoglobin, hematoc
blood cell count, blood pressure, urine excretion, and other physiological properties in cats undergoing |
therapy every 5 to 15 minutes for 3 hours. These data were used to determine blood plasma volume a
volume over time. Although the data are somewhat noisy and both models are relatively gross caricature
complicated biological and physical processes involved, the comparison indicates that our model better «
the kinetics of these volume spaces, especially when blood pressure data are included in the models.
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The white matter (WM) consists mostly of myelinated axons that support coordination of neural signe
tween different brain regions. The conduction of action potentials (APs) along WM is sensitive to myelin, a
rich material wrapping around axons in a spiral fashion, formed by glial cells called oligodendrocytes. N
notably in uences the time it takes for APs to traverse towards their post-synaptic targets (known as con
delay). How do changes of myelin sheath length and location along individual axons in uence conduction ti
Previous studies aiming to answer this question are based on the simpli ed assumption that myelin she
periodically located along axons and are thus very symmetric. However, periodic myelin patterns are fe
reality. Experimental results in mice show distinct myelin patterns [1]. In our work we estimate conductic
lays along axons of diverse myelination, namely the myelin sheaths have different longitudinal lengths ¢
randomly distributed along axons.

We build a comprehensive mathematical model based on the cable theory [2]:

Tu_ T2,
I kW’ 1)
fu_ T2 _
ﬁ_kW-H(u)’ (2
U (a:t)= u(a:t) and Y o(a:y= 19 aun: 3)
] - I+ I ﬂx ] - ﬂX ] ]

wherek2 R, X2 [Xmin; Xmax] @ndt > 0. The solution of Eq. 1 is the AP within a myelinated segment. Eq. 2 descli
the dynamics at an unmyelinated segment. The highly nonlinearl{@)nis the sum of the ionic currents. At thi
interface &) between a myelinated and an unmyelinated segment we apply continuity conditions (see Eq.
adding appropriate initial and boundary conditions we solve the system numerically using advanced tect
Given the complexity of the nonlinear system some mathematical analysis is provided whenever possible.

We found that low levels of myelination incur high variability of conduction timing whereas higher leve
myelination are more robust to lengthwise geometric changes of myelin sheaths. By increasing the ler
individual axons we found that conduction time varies with axon length — AP conduction delays are varia
longer axons.
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The governing equations for uid ow in porous media are often based on Darcy's Law (1), which relates the
rate of a uid to the permeability of the mediq the viscosity of the uidm and the pressure gradient causi
the ow. The numerical models resulting from these equations have wide applications but encounter sigi

challenges when the permeability is low.
kAdp

“m dx 1)
The objective of this work is to improve the numerical modeling of low permeability ow by rst investigat
the effects of the low permeability on the performance of numerical models and then using an empirically ¢
model to replace Darcy's Law in the development of the numerical model and comparing the results. s
has been developed for time dependent ow of slightly compressible uid (liquid with a signi cant amour
dissolved gas) by combining Darcy's Law with Conservation of Mass and a uid model based on a sme
constant uid compressibility. The governing equation has the form given below.

2
o=l @ @
For the numerical study, dimensionless parameters are found using the Buckingham Pl theorem to provi
mensionless PDE. This equation is discretized and solved, providing a tool to monitor how numerical perfo
changes with lower permeability. Fuquan [1] classi es low permeability reservoirs as those with a perme
less than 0.05 darcies, and [1] states that ow in such reservoirs does not follow Darcy's Law. In these
an alternative to Darcy's Law is needed in order to successfully model ow of incompressible uids in st
state conditions. Alternative models have been developed based on empirical data, including a threshold
gradient model (3) developed by Huang ([2].

)
d
= 0 0 < C 3)
- k
= @& G & ¢

To improve the modeling of the time dependent case for slightly compressible uids, the threshold pressure
ent model has also been combined with Conservation of Mass and the slightly compressible uid model to ¢
a PDE designed for transient ow. Numerical simulations allow us to compare the numerical performanc
those of the model based on Darcy's Law. This comparison allows us to determine if this approach gives be
merical performance. The validity of the results of the new model will be further investigated by the constr
of a laboratory apparatus designed to provide the same type of boundary condition control and pressure t
ments predicted by the numerical model. This new way of modeling low permeability ow can have a signi
impact for the goal of developing full eld scale simulation tools for subsurface modeling.
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Hyperelliptic curves in abelian surfaces
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We describe a method to produce a large collection of pairwise non-isomorphic hyperelliptic curves that
birationally into a product of elliptic curves, and discuss applications to rational equivalences in Chow grot
rational curves in Kummer surfaces.
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The focus of this presentation is the development and analysis of a tiemmdilprocess for a linear
hyperbolic equation motivated by the modeling of the transcription of ribosolhaliR bacteria (see Refs.
[1, 2]). Recently the time filter has been combined with fully impichemes for nonlinear problems in order
to increase accuracy with minimal modifications to existing code Red¢e[3]). In this talk, we demonstrate
the numerical study of adding a time filter to first and second ordemsshior hyperbolic problems. A new
explicit implementation is presented, and increased accuracy of the filtered upwine sslodserved for test
problems. The typical treatments for explicit schemes for hyperbolic prelbieguire calculations for CFL
conditions in order for the filtered schemes to remain stable. A sfadiitdition for the new algorithm is
derived. Numerical computations illustrate stability and convergence lhasagissipation and dispersion of
the filtered schemes.
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Decay rates for the damped wave equation with time dependent damping
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Given a Riemannian manifol(M;g) and a nonnegative functiow 2 C°(M); the initial value problem for the
damped wave equation is

(2 Dg+WT)u=0; (U;%uji=o=(uo;uz) 2 H(M) L3(M): 1)
It describes the evolution of a vibrating system in the presence of a damping\Wiérce,
The quantity of particular interest is the energy

Z
1= . . .
E(u;t) = > MJNUJ2+jﬂtu12dXZ 2)

This energy is non-increasing, soitis of interestto nd arfte¢! Oast! ¥;such that
E(ut) r(t)E(u;0); (3)

for all solutions with initial data irH'(M) L?(M). It was shown in [1, 2] that (3) holds witt{t) = Ce ¢, if and
only if, the damping satis es the Geometric Control Condition (GCC). The GCC is the existence ol.serfle
such that every geodesic of length at Idagttersects W > Og.

Itis natural to consider the case where the dampihdepends on time as well. In [3] it was shown thatffis
time periodic and satis es the nite time Geometric Control Condition (ftGCC), then (3) holdsn{tijix Ce °.
The ftGCC is the existence of sorie> 0 such that every geodesic M [0;¥) starting fromt = O intersects
fW > 0g by timeT.

I will discuss a generalization of these results to full time dependencé; (€k) be the geodesic il starting
at(x;x) 2 S M. The time dependent Geometric Control Condition (tGCC) is the existence ofGon& Ty > O;
such that for al(x;x) 2 S M;tp 2 [0;¥) andT > Ty

z
1T

= W(fy(xx);t+ to)dt C: (4)
T o

If the tGCC holds, then exponential decay occurs in (3). This notion of long time averages of the damping
from [4], where it was shown this is equivalent to the GCC wh¢rdoes not depend on time. Wh¥ is
time periodic this is equivalent to the nite time GCC of [3]. The proof of exponential energy decay relies
careful application of propagation of singularities, where the escape function is explicitly constructed to ens
uniformity of constants.
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Complex oscillatory patterns in a predator-prey model featuring three timescales
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We consider a two-trophic ecosystem that models the interaction between a specialist predator (one tt
exclusively on a single prey species), a generalist predator (one that takes advantage of alternative food s
addition to consuming the focal prey species), and their common prey featuring three-timescales. Assurr
the prey operates on a faster timescale, while the specialist and generalist predators operate on slow and ¢
timescales respectively, we portray the model in the framework of singular perturbed system of equations. -
the predation ef ciency of the generalist predator as the primary varying parameter and the proportion of
formed by the prey species under study as the secondary parameter, the system exhibits a host of rich and il
dynamics, such as relaxation oscillations, mixed-mode oscillations, subcritical elliptic bursting, torus canar
mixed-type torus canards. Grouping the timescales into two classes and using the timescale separation
classes, we perform two-timescale analyses to gain insight about the dynamics. Using the geometric pi
and singular ows in combination with bifurcation analysis, we classify the oscillatory dynamics and descril
transitions from one type of dynamics to the other.
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Relaxation of heavy hole spins in wurtzite semiconductor quantum dots
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Based on stain dependent 8-b&mpdmethod, we investigate the phonon mediated spin flip rate in wurtzite Ga
Quantum Dots (QDs). In an unstrained QDs, our study shows that the crossingnbletaey holes and light holes with
opposite spin states takes place with the accessible values of the magnetic fields. Wsveeréisd the cusp-like struc-
ture in the spin flip rate near the crossing point. However, in strained QDgieitb-electromechanical effects, the re-
laxation rate for heavy holes is a monotonous function of the magnetic fid$ds the spin relaxation rate for electrons
in the conduction band in both unstrained and strained (with piezo-electanical effects) QDs are a monotonous
function of the magnetic fields. In particular, piezo-electromechanical effectaanttee phonon mediated spin-flip rate
by two orders of magnitude at low magnetic fields. We also analyze the indig@htabution of longitudinal, transverse
acoustic phonon and phonon due to longitudinal acoustic deformatitamdipls in the spin transition rates.
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Machine-Learning-based Spatial Route Planning in Polar Regions
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Increasing shipping actityi in northern regions is anticipated with warming climate, as the number of na
igable days increases with declines in sea ice thickness and concentration [1]. Amiglgrdgaamic sea ice
regime raises interesting questions for igbatodelling of optimal shipping routes, which must incorporate a
wide variety of factors representing antecedent, current, and forecasted con@idosgatial routing in real-
world applications typically rely on grid-based approaches to represent the lanaseafrection surface, and
movement over this landscape as cost minimization problem. Given thegeodeaphical area and overall
sparsity of ground-truth data in arctic regions, multi-resolutionaggbres hold some potential. Discrete glob-
al grid systems have emerged as a candidate data model for geospatial datsomteghatiulti-resolution
properties determined by the system parameter known as aperture. In this paepeloveethe unique chara
teristics of applying DGGS data model to spatial route planning in arctic damithi an emphasis on niiil
resolution fusion and route planning.mechine-learning model for spatial route prediction in arctic environ-
ment based on the XGBoost modelling framework [2] is introduced and evaluatedtagsisel trip data
Finally, we discuss implications of route planning models in an applied softiepteyment context, high-
lighting aspects of data acquisition, runtime, and model evaluation and retraining.i©gpatial route plan-
ning algorithms are needed for operational planning of vessel trips anthf@ging increased vessel traffic
densityand associated impacts to communities.
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Energy-conserved numerical methods for Electromagnetic Propagations in
Nonlinear Metamaterials and with Stochastic Noises

Dong Liand

1 Department of Mathematics and Statistics, York University, Toronto, M3J 1P3, Canada, dliang@yorku.ca

Due to unusual physical properties that cannot be found in natural materials, metamaterials have m
portant applications such as in aerospace application, aircraft radar and radio frequency, microwave and
interconnect, nanolithography and medical imaging, cloaking device, and so on. Modeling interaction of €
magnetic waves within nonlinear dispersive media and with stochastic affection is very important. In thi
we will present our study of energy law of electromagnetic propagations in metamaterials with stochasti
and nonlinearity and our development of energy-conserved numerical methods for metamaterial electron
computations. Because of the local solution behavior and geometrical and media feature, designing local 1
nements is crucial to improve the resolution capacity of solution within metamaterials the computation is re:
to improve the resolution capacity and ef ciency of solution. However, in the presence of local mesh re ner
the sudden change of the mesh sizes inevitably produces spurious re ections in the electromagnetic elds.
also present the energy-conserved local mesh-re ned S-FDTD schemes for solving electromagnetic prop.
in metamaterials.
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Biophysical Modelling of the Mammalian Circadian Clock Suggests Mechanisms
for Altered Behaviour of PER2::LUC Mice
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A ubiquitous tool in circadian biology is the PER2::LUC mouse, a genetically modi ed animal with cells
uoresce along with their internal 24 hour clock. The period 2 (PERZ2) protein is a core protein in the transcri
translation feedback loop that underlies the circadian clock and its concentration within cells is a direct ind
of the time of day. Recently there has been mounting evidence that this genetic modi cation alters the clc
its response to light [1]. In particular, the intrinsic period in constant darkness is longer in the PER2::LUC |
than the wildtype mouse and the PER2::LUC mouse has dissociated rhythms in constant light. Is is img
to understand the cause of these differences, which we address using a detailed simulation [2, 3]. Thi
the master clock is the suprachiasmatic nucleus consisting of 20,000 electrically and chemically coupled r
The molecular clock is a transcription-translation feedback loop within each neuron that is modelled by a
of 180 ordinary differential equations. On a faster timescale, the electrical activity of these neurons is dri
voltage-gated ion channels, internal calcium dynamics, and synaptic currents, which are described by a ten
ordinary differential equation. | will discuss some of the details of our model, as well as the numerical chal
associated with solving this large and multi-scale differential equation. The proposed mechanisms for the
behaviour of the PER2::LUC mouse arising from the simulation will be compared against wheel-runnir
open- eld activity, structural imaging of the PERZ2 protein, and genetic sequencing.
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Delegate Apportionment Methods: the Quota Condition, Bias, and Thresholds
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The US presidential primaries are a series of state elections held every four years to determine the Del
Party and Republican Party candidates for president. Each state holds a primary (or caucus) in whicl
select their preference for one of their party's presidential candidates. The popular votes at the district
the state level are converted into delegates using an apportionment method. If a candidate wins a majori
delegates during the primaries, then that candidate becomes the party's nominee for president. If no candic
a majority, then the nominee is determined at the convention.

The seven quota-based apportionment methods used in the primaries from 2008 to 2020 were introdt
described mathematically in [2]. In this talk, the methods are recalled and then analyzed. We determine
delegate apportionment methods satisfy lower or upper quota. For methods that do not satisfy the quota ct
we evaluate how badly quota can be broken under these methods and for which candidates. We also give «
for how frequently quota is broken by using simulations and data from previous primaries.

We consider two approaches to measure bias. The rstis based on a pairwise comparison of apporti
methods that Balinski and Young [1] use to compare stationary divisor methods. Using this approach, not a
seven methods are comparable to one another, as some methods advantage stronger candidates and oth
disadvantage weaker candidates. The second approach is based on the idea of seat bias, which was rst ir
in [5] to analyze bias in apportioning representatives to the US House of Representatives. A state's seat bi
expected deviation of its apportionment from its quota. Adapting this notion to delegate allocation, we inve
and compare the delegate bias for different candidates under each apportionment method.

Finally, we compare the delegate threshold values of each apportionment method. Delegate threshold
are generalizations of the threshold of inclusion and threshold of exclusion, introduced in [4], indicate the mii
and maximum percentage of the vote that candidates receive to obtain a xed number of delegates.

The content of this talk appears in [3, Ch. 5].
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tost.ll : A temporal operator-splitting template library in deal.ll
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Operator-splitting methods are a popular divide-and-conquer method for solving ordinary differential
tions, most notably those derived from a method-of-lines discretization of a partial differential equation inv
multiple physical processes or multiple scales. The main idea is to express the right-hand side of the d
tial equation as a sum of different parts and integrate the parts separately. Sometimes the parts are refel
fractions leading to the terminologifractional-step method$, 6].

The objective of operator splitting is to reduce a given problem into sub-problems that are somehow ei
handle. This could be because the entire problem is too large to handle monolithically, i.e., with one inte
method, or because there exist specialized methods to deal with one or more of the parts; e.g., a part may
or known to be stiff. In other words, operator splitting is done in the name of feasibility (obtaining a soluti
all) or ef ciency (obtaining a solution in less time).

In my view, operator splitting is a necessary evil and should not be entered into lightly. In practice it s
however, that this is exactly what is done! Implementations of operator splitting are commonly donadhamn
basis. Little theoretical attention is paid to choice of operators, order of operators, choice of splitting meth
choice of sub-integrators. This has led to gaps in methodology and observations that are not well understc
example, although it is known that real-valued operator splitting methods of order greater than two require n
time steps in each operator [4], it is still possible to obtain stable solutions [2, 3] in the presence of diffusior

The purpose of this work is to create software for the systematic study of operator-splitting methods
software is calledost.ll  and is built on the well-knowdeal.ll  nite element library [1] to leverage the latter's
powerful spatial discretization capabilities. The temporal operator splitting algorithm implementesit lbly
exposes the operators, the order in which they are applied, the operator splitting method coef cients (inc
complex-valued ones), and the (arbitrary) sub-integrators to direct user input.

Thetost.ll  package is available &ttps://github.com/uofs-simlab/tostii
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Boundary error control for numerical solution of BSDES by the convolution
method
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We rst review the convolution approach for the numerical solution of backward stochastic differential
tions (BSDES) introduced in [1]. We then propose a method for improving the boundary errors obtainec
valuing options. We we modify the damping and shifting schemes used in [1], which transforms the targe
tion into a bounded periodic function so that Fourier transforms can be applied successfully. Adaptive ¢
reduces boundary error signi cantly. We present numerical results for our implementation and provide a ¢
error analysis showing the improved accuracy and convergence of the modi ed convolution method.
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Inferring Bacterial Conjugation Events with Integer Programming

N. Kendal-Freedman B. Ingalls'

1 University of Waterloo, Waterloo, Canada, nmkendal@uwaterloo.ca

Microbial genetic engineering, the modi cation of microbes to express novel genes, has applications ir
including health, agriculture, bio-manufacturing, and environmental remediation [3]. In some cases, the g¢
modify the behaviour of an environmental population, which requires modi ed genetic elements to sprea
the engineered organisms to other members of the population. One mechanism we can use is bacterial cor
the process by which bacteria transfer genetic information stored on extra-chromosomal plasmids to adjact

Although bacterial conjugation has been studied extensively, there are a range of challenges involved i
oping mathematical models that capture interactions among single cells [1]. One challenge is that the pr
highly stochastic and requires individuals to be considered separately, making it unsuitable for traditional
ential equation models. Agent-based modelling has become an important tool in such cases; these mode
used to investigate population dynamics within large groups of autonomous individuals, including those wi
degrees of stochasticity [4].

Our group is conducting experiments in whigh coli cells grow and interact in the 2D focal plane of
microscope. Time-lapse imaging allows us to capture the dynamics of cell growth and motion. By taggin
with orescent proteins, we can identify the genetic state of each cell and observe the transfer of plasir
changes in orescence signatures. However, there is a delay (on the order of tens of minutes) betwe
transfer from conjugation events and the appearance of a uorescence signal.

In the context of epidemiology, Fajarda al. consider an infection network where only some cases of
illness are known [2]. They demonstrate how an integer program can be used to infer the progression of th
through the population, including a set of all infected individuals and by whom they were infected. From ou
we construct contact networks and lineage trees that allow us to formulate our problem similarly to E&j
al. Our contact network is a graph with a vertex for each cell in each time-point snapshot. The edge set (
of “horizontal' edges representing physical contacts at each snapshot, along with "vertical' edges represel
evolution of a lineage over time.

We formulate an integer program to nd a directed Steiner tree on this graph, with the uorescing bacte
the Steiner nodes. Further, we impose additional biologically motivated constraints; for instance, we requ
every “infected' bacterium passes on the plasmid to its daughter cells. We then optimize for the most likel
transmissions, where we consider factors such as the latency period between receiving and expressing thi
and the duration of each contact. Validating our model on our experimental data allows us to use these re
calibration of an agent-based model for bacterial conjugation.
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The Becker Doring model (BD) is extended, and considered as a system of chemical reactions. The extended
Becker Doring model (EBDM) can be used to better describe the aggregation and fragmentation mechanisms in
the self-assembly of molecules. The chemical system corresponding to the EBDM can be expressed as

ks
Cr+Co = Crps, @
K

where C, are the concentrations of a cluster of size r, and r = 1, 2, 3 ... is the aggregation number representative
of a cluster being made up of r base units of size 1. The forward and backward reaction rates are k;;,, and

respectively, and are based on an r"-sized cluster either aggregating with another cluster forming a larger-sized
cluster, or being created through fragmentation from a larger cluster.

The general master equation for EBDM in a finite-sized setting is developed, for which there is a largest cluster
of size N that can be formed. A set of chemical reactions is proposed for an approximate mechanism relevant for
simulations using Reactive multiparticle collision dynamics (RMPC). For constant rates of reactions with N = 10
and s = 5, the time evolution of clusters is found using stochastic SSA and RMPC simulations, and compared with
the finite Smoluchowski equation, the traditional ODEs for (1), as well as an approximate ODE system for RMPC
that we have developed. Additionally, the Becker Doring model dynamics are tested statistically when N = 4, for
the effect of diffusion on the concentration profiles in our RMPC system. We conclude that there are changes in
the concentrations when changing the RMPC diffusion parameter (kgT /m), but agreement with the corresponding
system of ODEs is maintained.

Finally, different reaction rates are considered for N = 3 (constant k,fs = p, product k;; = prs, sum k,fs =
p(r+s)) for aggregation and fragmentation, and changes in the mean first assembly time — the average time at
which a largest cluster first forms in the system from a monomer-only initial condition — are discussed. Theoret-
ical mean first assembly times (MFAT), theoretical mean first assembly times for approximate RMPC dynamics,
simulation-based MFAT's using SSA, and simulation-based MFATs using RMPC are compared. The significance
and implications of these results will be discussed.
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Optimized Distortion and Proportional Fairness in Voting
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A voting rule decides on a probability distribution over a setroélternatives, based on rankings of tho
alternatives provided by agents. We assume that agents have cardinal utility functions over the alternati
voting rules have access to only the rankings induced by these utilities. We evaluate how well voting rule:
measures of social welfare and of proportional fairness, computed based on the hidden utility functions.

In particular, we study thdistortionof voting rules, which is a worst-case measure. Itis an approximation |
comparing the utilitarian social welfare of the optimum outcome to the social welfare produced by the oL
selected by the voting rule, in the worst case over possible input probles and utility functions thaisisstenb
with the input. The previous literature has studied distortion with unit-sum utility functions (which are norms
to sum to 1), and left a small asymptotic gap in the best possible distortion. Using tools from the theory
multi-winner elections, we propose the Prst voting ryle which achieves the optimal disto(tiom) for unit-
sum utilities. Our voting rule also achieves optimlini m) distortion for a larger class of utilities, includin
unit-range and approval (0/1) utilities.

We then take a similar worst-case approach to a quantitative measure of the fairness of a voting rule
proportional fairness Informally, it measures whether the inBuence of cohesive groups of agents on the
outcome is proportional to the group size. We show that there is a voting rule which, without knowledge of tt
ities, can achieve a@(logm)-approximation to proportional fairness, which is the best possible approximation
a consequence of its proportional fairness, we show that this voting rule achi@egsn) distortion with respect
to the Nash welfare, and selects a distribution that is approximately stable by bed{gpgm)-approximation to
the core, making it interesting for applications in participatory budgeting.
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Twists of the Burkhardt Quartic Threefold

Nils Bruin', Eugene Filatov

1 Simon Fraser University, Burnaby BC, Canada. nbruin@sfu.ca

The moduli space of principally polarized abelian surfaces with full 3-level structure admits a birational ¢
model inP*, called the Burkhardt quartic threefold. Its geometry is well-studied and characterized by its
number of isolated singular points and its large automorphism group.

Over non-algebraically-closed elds it admits many twists. Some of those, but not all, parametrize dit
3-level structures on abelian surfaces. We identify an explicit representative of an element in the Braue
that measures whether a given twist parametrizes abelian surfaces. The ones that do not, still parametrize
guartic surfaces.

Even more surprisingly, the Brauer element is of period dividing 2, but may be of index 4. We give an ex
of such a quartic surface over a bivariate function eld. We even get to conclude that this surface has ol
rational point.

In this talk we will give a description of the beautiful underlying classical algebraic geometry as well ¢
way the representative of the Brauer element can be obtained, and how one can use it to prove the ak
rational points.
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Deep Reinforcement Learning of Viscous Incompressible Flow

K.M.S. Park, A.R. Stinchcomb®
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Many applications of partial differential equations are either high dimensional or involve domains with
ular boundaries. In both cases, traditional grided methods face considerable challenges constructing an
grids. We present a grid-free and highly parallelizable Monte Carlo method for quasilinear elliptic and pal
equations based on their connection with Brownian motion [1, 2]. Additionally, we represent the solution
a deep neural network trained using reinforcement learning and a loss derived from a martingale of the st
process. We demonstrate our numerical method on the incompressible Navier-Stokes equations [3]. The «
the deep neural network is the vector potential for the ow, which allows us to avoid computing the pressure
nonetheless maintaining incompressibility. Problem parameters, like the uid viscosity, are inputs to the
network allowing us to solve families of problems concurrently. Borrowing ideas from domain decompa
methods, regular parts of the domain are solved with nite difference or integral equation methods and f
training data for the neural network. Our high-performance PyTorch implementation will be exhibited on s
challenging uid ow problems.
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S. Arpint, M. Cher?, K. E. Laute?, R. Scheidlef, K. E. Stange, H. T. N. Trar?

1 Mathematics Institute, Universiteit Leiden, Leiden, The Netherlands, Sarah.Arpin@colorado.edu
2 University of Birmingham, Birmingham, UK, m.chen.1@bham.ac.uk

3 Facebook Al Research, Meta, Seattle, WA, USA, klauter@fb.com

4 University of Calgary, Calgary, Alberta, Canada, rscheidl@ucalgary.ca

5 University of Colorado Boulder, Boulder, CO, USA kstange@math.colorado.edu

6 Concordia University of Edmonton, Edmonton, Alberta, Canada, hatran1104@gmail.com

A supersingular isogeny graph is a graph whose vertices are supersingular elliptic curvegs @vieerep is

typically a large prime in our context), and whose edges represent isogenies of dégpeeally a small prime).
Hard problems concerning path nding in supersingular isogeny graphs form a basis for post-quantum is
based cryptography. In this talk, | will describe the structure of isogeny graphs of CM curves, and of or
supersingular curves, and their relationship to the structure of supersingular isogeny graphs. In partict
endomorphism ring of a supersingular elliptic curve is an order in a quaternion algebra. Embeddings of imi
guadratic orders into this quaternion order are cadieentations Explicit knowledge of this endomorphism rin
leads to well-known path nding algorithms. In joint work, we develop classical and quantum algorithms for
nding under the assumption thahly oneendomorphism from this order is known (equivalently, one orientatic
In related work, we demonstrate a bijection between the cycles in a xed isogeny graph and the cycles in th
of all CM graphs which cover it. As a result, we count the cycles in the isogeny graph in terms of certair
numbers of imaginary quadratic orders.
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Analysis of a Model for Ribosome Abundance Regulation Mechanisms in
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We construct a model of the feedback mechanisms that regulate abundance of ribosBmek ia prototypical
prokaryotic organism. The translation process contains an important feedback loop: ribosomes are mai
proteins, which need to be translated by ribosomes. The goal of the work is to model the main feedback lo
control abundance of ribosomes in response to external conditions. The model accounts for the concentr.
the free ribosomeR, ribosomal RNA (rRNA) denoted bry, and proteing, which are translated from mRN#
using ribosome&R. We include direct negative feedback loops where ribosomal proteins, when in excess
down their own translation. The effect of the signaling molecule ppGpp is also included as a negative fe
mechanism, along with the effect of the abundance of building blocks for mMRNA and rRNA synthesis. The
consists of a system of six differential equations parameterized by 23 parameters. Our analysis shows th
values of parameters, the model system has either one equili§iantwo equilibriaSandP in the biologically
feasible regiorR®* :

Equilibrium Srepresents thstationarystate of the system where there are no free ribosomes, no free ribos
proteins, and both the rRNA and mRNA concentrations remain at base level. In a broader context of alloci
cellular resources, this corresponds to a state of the cell where all existing ribosomes are engaged in tra
This is consistent with a stationary growth phase. The Sagpresents thproliferative state of the system wher:
ribosomal proteins and ribosomes are being produced at a rate that produces ribosomes that are not n
ribosomal protein translation. Hence, theséraribosomes can be allocated to enzymes and transport comp!
that allow cellular growth. A stability analysis shows tiaemerges front by a transcritical bifurcation and
whenP exists, it is asymptotically stable. When only the equilibriSrexists inR®", it is also asymptotically
stable. The key determinant of the transition between the stationary regime and the proliferative regime is t
of the feedback loop between ribosomes and ribosomal proteins. The proliferative equikbexists, if and only
if the production rate of ribosomal proteins exceeds a threshold value that is comprised of two terms, one ¢
describes the demand for these proteins through production of ribosome rRNA scaffold and the other desc
assembly rate of these proteins.

In the ODE model, transcription and translation are considered to be instantaneous; however, a more
cally reasonable assumption is that free ribosomes and mMRNA are sequestered in a compartment accounti
time required for translation for example. Fundamentally the transcription and translation can be charactel
a molecular motor elongating along a DNA or mRNA strand in order to transfer genetic information to a ni
copy. The newest phase of the work seeks to model these processes using a prototypical compartment mo
compartment model takes the form of a hyperbolic conservation law where the biological parameters infc
model construction. These compartments account for the time and spatially dependent processes require
duce rRNA as well as the interactions between ribosomes and mRNA required to produce the ribosomal
Each of these elements is essential for ribosome assembly. Numerical results are presented to compare t
of the original ODE model with the new combined system of ODEs and PDEs. In particular, we character
equilibria of the combined system and compare it to that of the original ODE system model.
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p-Norm Approval Voting
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Approval voting is a well-studied voting procedure [1]. The procedure is relatively simple: Given a ¢
candidates, each voter chooses a subset of the candidates, and the candidate chosen the most is then d
winner. Approval voting can also be described in terms of distributing points, where each voter gives 1 or O
to each candidate, and the candidate who receives the largest total number of points is the winner.

Viewing approval voting in terms of distributing points can be helpful when thinking about variations o
proval voting. For example, with satisfaction approval voting [2], a voter who choo&eslement subset of
candidates (wherk 1) will give each candidate in the subqlepoints. As with approval voting, the candidai
who receives the largest total number of points is declared the winner.

Interestingly, approval voting and satisfaction approval voting can be viewed as the extreme ends of
parameter family of voting procedures we are callimgorm approval votingprocedures. In this talk, we will
present some of the many properties we have discovered about this seemingly simple family of voting proc

The limit of kxk, as p approaches in nity then qjvgs rise to the in nity norkxky = maxj xqj;:::;jXnjg: For
example, ifx =[0;1;0;0;1], thenkxk; = 2,kxk, = = 2, andkxky = 1.

with a voter's choice of candidates (as described above)x#@donzero, then that voter will givekxk, points to
each candidate in the set chosen by the voter. We recover approval votingpwhénand we recover satisfactiol
approval voting wherp= 1. Whenp = 2, we get a voting procedure we are calligpgadratic approval voting
which is a simpli ed version of quadratic voting [3], and which in turn was the original motivation for our wo
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Superposition of two excitation types for gonadotropin-releasing hormone neuron

forms two types of exocytosis
M. Chugunovy S.A. Campbell

L University of WaterlopCanada, mchuguno@uwaterloo.ca

Gonadotropin-releasing hormone (GnRH) neurons work as a trigger of the reproductivenaaiamals.
These neurons exhibit two types of exocytosis: a surge and a pulsatile one [1]. Traditbtwaalges in the
neuron dynamics are connected and explained by changes in parameters of the action potemiisdctians
a neuron's membrane. However, in the case of GnRH neurons, the experimental dataatemtmat the
switch in the type of the hormone release is connected rather with theroafatiee GnRH neuron activation.
Action potential initiated in the proximity of soma is necessary for theesnir@nRH. The second type, the
pulsatile release of GnRH, is driven by the synaptic activities on the distal part of the ri2lrons

Both types of the exocytosis initiation target the intracellular calcium dynafrtesincrease in calcium
ions due to the electrical spikes near soma is short-lived. On the other hand, the incaagem ions in the
distal parts of the GnRH lasts for tens of misute

We have built the mathematical and computational models of the electrical andalhéymamics in
GnRH neurons. The model, in silico, reveals the connection between the action potentigkptales, and
calcium ion dynamics. Moreover, our model confirms the functionality of the imgnbetween multiple
GnRH neurons.
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In the current literature, the most-well known algorithm for computing a system of fundamental units in a
ber eld without relying on any unproven assumptions or heuristics is due to Buchmann [1] and has an ex
run time oD(Df‘“e). If one is willing to assume the GRH, then the index-calculus method [2] will comg
the logarithm lattice corresponding to the unit group in subexponential time with respect to the logarithm
discriminant. In this case, the complexity and correctness of the method are both dependent on the GRH.

Generalizing the work of de Haan et al. [3] for real quadratic number elds, we present a hybrid algc
which combines techniques of [1] with an alternate method due to Pohst and Zassenhaus [4] which, give
rank sublattice as input, computes the basis of the logarithm lattice for a number eld in asymptotically
operations than current unconditional methods in the literature.
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Random feature methods have been successful in various machine learning tasks, are easy to co
come with theoretical accuracy bounds. They serve as an alternative approach to standard neural
since they can represent similar function spaces without a costly training phase. However, for accul
dom feature methods require more measurements than trainable parameters, limiting their use for d
applications or problems in scientific machine learning. In this talk, we will introduce the sparse rand
ture expansion to obtain parsimonious random feature models. Specifically, we leverage ideas from
sive sensing to generate random feature expansions with theoretical guarantees even in the data-sce
We also present a sparse random mode decomposition to extract intrinsic modes from challenging ti
data and propose a new method to predict the infectious using sparse random feature models and
equations. Comparisons show that our proposed approaches perform better or are comparable to oth
the-art or popular methods. Applications of our methods on identifying important variables in high-dim
al settings as well as on decomposing music pieces, visualizing black-hole mergers, and epidemiol
casting will be addressed. The talk is based on several joint work with R. Ward (UT Austin), H. Sc
(UCLA), L. Ho (Dal), E. Saha (UWaterloo), and N. Richardson (UBC).
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Data analysis is becoming increasingly dependent on mathematical models to understand and analyze r¢
phenomenon. Mathematical models employ variables and equations that establish relationships between
with the goal of describing a real-world phenomenon but subtle aspects of the partnership between math
modeling and data analysis are often overlooked. In this talk we examine the task of extracting meanin
formation from experiments with an eye towards potential to bias, or even corruption of drawn conclusior
present a real-world example involving COVID-19 detection and the role baseline subtraction and thresl
plays in the analysis of polymerase chain-reaction (PCR) measurements, the mainstay tool for early dete
many viruses. We compare standard empirical (e.g. linear) data analysis models against an alternative
ploys a simple but non-standard mathematical model. Time permitting the task of mathematical classi catit
pertains to SARS-CoV-2 antibody testing will be presented and how a modeling-based approaches rootec
ditional probability and optimal-decision theory can improve classi cation accuracy. We will attempt to higt
the importance of embedding applied mathematics in settings where they can bring more rigor and conce
to tasks such as data analysis.

Keywords: Data Analysis, Baseline Subtraction, Mathematical Models.
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Sensitivity analysis of climate-economic models
Matheus R Grasselli

1 McMaster University, Canada, grassel@mcmaster.ca

Assessing the economic impacts of climate change, as well as the effects of economic activity on the
requires the use of complex models with high computational costs and a very large number of parame
this talk, | will apply global sensitivity analysis techniques from statistics (such as Sobol indices) and m:
learning (such as random forests) to representative climate-economic models in order to identify and r
most important parameters and quantify their effect on select output variables. This will then be followed k
backtesting and exploration of forward scenarios under these models, taking parameter uncertainty into
In particular, | will describe the effect of uncertainty on the expected result of policiers such as carbon taxes
nancing, and green investment.
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Switching spinless and spinful topological phases of quantum matter by
modulating gauge uxes

Y. X. Zhaadv?, Z. D. Wand,

1 Nanjing University, Nanjing, China
2 The University of Hong Kong, Hong Kong, China

It is known that spinless and spin-1/2 systems have distinct topological phases of quantum matter. For insi
the tenfold topological classi cation table for the Altland-Zirnbauer symmetry classes, they belong to class.
All, respectively, in terms of time-reversal symmetry, with completely different topological classi cations. 1
distinction in symmetry and topology extends to the regime of crystalline topological phases. This disti
intrinsically hinders the realizability of spinful topological phases by spinless systems and vice versa. He
provide a systematical method to surpass this intrinsic boundary: switch spinless and spinful topological pr
modulating gauge uxes [1, 4]. We rst reveal that for a given lattice the different symmetry algebras of sp
and spin-1/2 systems correspond to different projective representations of the same symmetry group. Cor
gauge uxes, each symmetry group is projectively represented. Hence, we shall explore the possibility of sw
the projective representations for spinless and spin-1/2 systems by modulating gauge uxes, and thereb
realizing the topological phases of one by the other. Moreover, the systematical method will be applied
Hermitian and non-Hermitian symmetry classes and topological phases [2, 3]. Besides the apparent func
importance, our work can signi cantly enable the realizability of electronic topological phases with spin-c
coupling by various spinless arti cial crystals.
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Reactive Multiparticle Collision Dynamics (RMPC) as stochastic simulations of
reaction-diffusion systems

K. Rohlft
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Particle-based numerical methods have gained much popularity over the last few decades, and now
computationally feasible alternatives to traditional discretization methods for reaction-diffusion systems. S
tic effects can easily be incorporated, and exploration beyond the macroscopic PDE model are possible,
to solutions that are not possible within the PDE paradigm. Multiparticle Collision Dynamics (MPC) has
shown to be capable of providing particle-based alternatives for traditional uid ow problems [1, 2, 3, 4],
with addition of reactions (Reactive Multiparticle Collision Dynamics, RMPC) can provide numerical solu
for reaction-diffusion systems subject to different boundary conditions [5, 6, 7, 8, 9, 10, 11]. Within MPC/R|
the diffusion can be controlled in one of three ways: (i) varying the collision angle in the multiparticle coll
rule [5, 6], (ii) varying the equilibrium temperature related =m parameter value [5], or (iii) using a probability
to-free-stream approach [5]. In cases where the concentration of a chemical species falls below a critical tt
locally, the local diffusivity of that chemical species can change, leading to non-constant diffusivities for that
ical species throughout the spatial domain and in time [9]. This can be corrected by using a density-de|
collision angle [5, 6], or by adding a suf cient number of bath particles [7]. The last choice (iii) is the most «
putationally ef cient option, allowing for a large enough range in diffusivities between chemical species to
Turing pattern formation [5].

An overview of RMPC dynamics will be presented, followed by diffusion coef cient expressions in the 1
of Green-Kubo equations. The different RMPC diffusion-control mechanisms will be discussed and asse
the context of their ability to provide a stochastic simulation option comparable to partial-differential eqt
solutions for reaction-diffusion systems.
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A Tire Side Slip Model with Dynamic Friction Distribution over the Contact
Patch
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The tire forces and moments come mainly fribim shear stress and sliding friction at the tneedl inter-
face.The friction coefficient isn'uniform over the contact patdiecause of thpressure and velocity digu-
tion. Howevermost of the existing tiremodels don’tonsider the influence ofi€tion coefficient distribution.
This paper aims to present a tire model considering friction distribution over the tcpatek, and it can be
applied to steadgtateand norsteadystate conditions.

A discreteanalytical tiremodel is proposed firstly in this paper considering compliance of carcass, then tt
velocity distribution is discussed. Finallybber friction model considering velocity and pressure distribution
is introduced. The model appropriately expresses thedpighd tire mechanical claateristics through simu-
lation.
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Non-Fourier Bioheat Transfer Analysis of Interstitial Laser Ablation for Tr eating
Brain Tumors
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Interstitial laser ablation has emerged as a promising alternative tréatoeality for treating difficulto-
access brain tumors [1]. During these therapies, a very thin Beagtical laser fiber (0.2-0.8 mm in diame-
ter) is inserted within the target site to transport the near-@tfraravelength laser light. The interaction of
light irradiated from the laser fiber tip results in the photothermal heatibigplogical tissueThis irreversible
damage attained due to the heating of biological tissue is significantly dependseweral critical factors,
viz., laser wavelength, laser power, treatment timd,thermal and optical properties of the tissue [2]. Com-
putational modelling and simulation serve as a powerful tool for the pgoediot heat propagation induced
due to light-tissue interactions within the biological tissues during such teedaghe present study, a finite-
element-based model has been developed for predicting the temperaturatidistand ablation (damage
volumes in the brain tissue subjected to interstitial laser ablation.

The main governing equations ofdltoupled model related to laser-tissue interactions are Beer Lafntert
law and the bioheat transfer equation. Notably, the numerical predictioteireleheat transport and ablation
volumeattained during laser therapy are tremendously dependent on the thermal gsopfettie biological
tissues considered in the model [3, 4]. Thus, to enhance the accuracy of numedicaébp; we will utilize
the temperature-dependent thermal properties adthdvobrain tissue quantified experimentally. Further, to
improve the prediction accuradye lagging behavior associated with the finite speed of thermal signals prog
agation within biological tissue, i.e., non-Fourier effeigslso incorporated [5]. The fidelity and integrity of
the developed model have been evaluated by comparing the computational results withténose with
experimental studies conducted on #xevivobrain tissue in terms of spatiotemporal temperature profile at-
tained usindiber Bragg grating (FBG) sensors. The water vaporization effects have alsmbegroiated in
the model to account for the abrupt decline in thermal conductivity of theglwaldissue beyond the boiling
point temperature of 10. Parametric studies have been conducted to quantify the effect of laserdiber di
eter, input power, treatment time, laser wavelength, and thermal retakates on the efficacy of interstitial
laser ablation of the brain. The new findings and associated quantifications repaémniscindy could signifi-
cantly assist clinical practitioners in the treatment planning stage odtitigé laser ablation of the brain by
providing the optimal thermal dosage required to succégsfhlate the tumor.
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Numerical Modeling and Simulation of Acupuncture-like Physical Therapyto
Promote Healthy Aging
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Aging is an inevitable law of lifeP QG LWV QR VHFUHW WKDW &.[CQladibsTaged R
65 and older account for 19 % of the total population and are more prone to paifoosrjdljt Acupuncture
is one of North Americ§ fastest-growing complementary and alternative medicine therapies that hasdrecei\
significant attention in treating many diseases, such as musculoskeletal painggestinal disorders, stroke,
gynecological diseases, and neurological disorders [2, 3, 4]. A recen{Sfiyythe University of California
researchers highlighted that long-term, regular traditional acupuncturbenzgnsidered as a possible treat-
ment modality for old-age people with multiple chronic conditions. Other hightigheéalth benefits to older
people were reduced polypharmacy, physical and mental health improvements, increasedrgacialand
thus an overall increase in quality of life. Moving along this line, the proposed atadyto develop an acu-
puncture-like but completely non-invasive therapy to provide thermallstiro the tissue utilizing near-
infrared Light-Emitting Diode I(ED) for providing various types of pain relief in old-age people. &ptie-
sent study, the effectiveness of this technique has been evaluated utilcongpatational modeling frame-
work, highlighting the temperature rise attained within the skin tissue. No&gaBy,multilayer computational
domain of skin comprising of the epidermis, dermis, and subcutaneous tissue has hideredathst is irra-
diated by near-infrared LED. The optical, thermal, and bio-physical propertskéndaissue considered in the
present study have been acquired from the recent literathie spatiotemporal temperature distribution has
been obtained by solving the Pennes bioheat transfer equation coupled with the Beerlaamibbd irradi-
ation profile of the LED light has been experimélgtaharacterized and imposed at the boundary of the skin
surface for predicting temperature rise as a function of depth foratiffealues of LED power and irradiation
time. The experimental validation of the developed model has been done by comparingdhieahunodel
predictions with those obtained by experimental tests conducted on Agar gel uns@mthenvironmental
conditions. The findings reported in the present study would be utilized for develapingature device that
could be easily mounted on textile-based wearable products (e.g., glove, head/arm/wristidhé&sigleéneck
pad, socks). Such device would be beneficial in providing on-demand physical stimulus at home withou
needing periodic clinic visits to prevent and tréatt H(UHODWHG GLVHDVHV ZLWKRgXW
healthy aging.
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We study the dynamics in simple form differential equations with delay which serve as mathematica
els of physiological processes in human body. Such equations appear in several instances, in particul
pluripotential stem cell model [1] and as a delay model of megakaryopoiesis [2].

Both models are studied with uni ed approaches recently developed in papers [3, 4]. Suf cient conc
are derived when the unique positive equilibrium is globally asymptotically stable. It is shown that whe
equilibrium is linearly unstable the corresponding differential delay equation admits a periodic solution ¢
oscillating about it. The theoretical results are demonstrated in particular models with the nonlineariti
parameters used in actual applications.
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Robust continuation method for tracing solution curves with critical points
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The nite element simulation of very large deformation of hyperelastic material is still a challenging pro
[1, 2]. The problems are generally driven by a loading parameter, and it is often observed that for some vi
this parameter, the solution varies extremely rapidly due to geometric and/or material non linearities, often
to the break down of the solution process. To improve the solution process, numerical continuation meth
often used and have proved to be a very powerful tool [3, 4]. However, these methods can still lead to un
results. In particular, near severe limit points and cusps, the solution process frequently encounters on
following situations: divergence of the algorithm, a change in direction which makes the algorithm bac
on a part of the solution curve that has already been obtained and omitting important regions of the ¢
curve by converging to a point that is much farther than the one anticipated. Detecting these situations i
easy task when solving practical problems since the shape of the solution curve is not known in advanc
talk will therefore present an improved Moore-Penrose continuation method that will include two key asp
solve dif cult problems: detection of problematic regions during the solution process and additional steps-
with them. The proposed approach can either be used as a basic continuation method or simply activat
dif culties occur. Numerical examples will be presented to show the ef ciency of the new approach.
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Modeling and Analysis of Mass-Spring systems with Friction — Detachment
Waves
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The talk describes our recent mathematical model for the dynamics of a two mass-spring-damper syst
friction, and has two parts. The main part describes a mathematical study of the way detachment or slip
when the system transits from stick to slip motion, propagate in discrete and (future work) continuous s\
The introduction of friction changes the problem into a system of differential set-valued inclusions, whic
mathematically interesting, but rather complex. Together with the analysis, we depict simulation results
provide insight into the process of the initiation of sliding.

The second short part, describes the use of such a “simple' system as an example of a very general «
and uniqueness theorem for systems described by set-valued pseudomonotone operators, Kuttler and S
and K.T. Andrews et al. [3]. These results were used to establish the existence of weak or variational solu
rather complex dynamical systems with contact and friction, as well as adhesion, damage, and thermal eff

We follow closely [1].
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Speed limits for two-qubit gates with weakly anharmonic qubits
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We consider the implementation of two-qubit gates when the physical syssexhdo realize the qubits
possess additional quantum states in the accessible energy range [1]. We uslecoptial theory to deter-
mine the maximum achievable gate speed for two-qubit gates in the qubit suliisirecenany-level Hilbert
space, and we analyze the effect of the additional quantum states on the gaté&/epdedtify two compet-
ing mechanisms. On one hand, higher energy levels are generally more stoanqdbd to each other. Under
suitable conditions, this stronger coupling can be utilized to make two-qubit gaiéisasigy faster than the
reference value based on simple qubits. On the other hand, a weak anharmonicignsotistr speed at
which the system can be adequately controlled: faster operations require stronger controhiighdeads to
faster decoherence and uncontrolled leakage outside the qubit space. In order to @acttismonstraint, we
modify the pulse optimization algorithm to avoid pulses that lead to appe@apllation of the higher lev-
els. Then we find that the presence of the higher levels can lead to a signéfthastian in the gate speed.
We compare the optimal-control gate speeds with those obtained using theesopssice/selective-
darkening protocol. We find that the latter, with some optimization, camséé to achieve relatively fast
CNOT gates. These results can help the search for optimized gate implementationsidedypidelines for
desirable conditions on anharmonicity to enable the utilization of the higher levels in realisticssyst

This work was supported by MEXT Quantum Leap Flagship Program Grant No. JPMXS0120319794
by Japan Science and Technology Agency Core Research for Evolutionary Science anedenaoit No.
JPMJCR1775A.L. acknowledges support from the National Sciences and Engineering Council of Canada.

. Figure 1: Two-qubit CNOT gate fidelity as a function of
pulse time for numerically optimized pulses. The minimum
gate time is identified as the pulse time at which the fidelity
exceeds a preset threshold, e.g. 99.9%. The different line
correspond to different models of the qubits in which each
gubit is replaced by a multi-level system with 2, 3 or 4 energy
levels. The more the levels, the faster the CNOT.gate
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Interplay between Amyloid-beta and Calcium Dynamics in Alzheimer's Disease:
A Physics-Informed Bayesian Approach
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Alzheimer's disease (AD) is a devastating neurodegenerative condition affecting millions worldwide.
the leading indicators of AD is the abnormal buildup of extracellular amyoidb) in senile plaques, whict
leads to calciumGa'* ?) dyshomeostasis [1, 2]. Despite numerous research endeavours, the molecular mecl
driving Ab deposition and€Ca'? dysregulation in AD remain unclear. However, recent studies suggest a po
feedback loop betweetb andCa'*? levels, whereAb interferes with neuronala' ? levels, which then affect the
formation ofAb [3].

Notably, the buildup of intraneuronéb accumulation is related to synaptic impairments, neuronal loss,
coghnitive failure in AD patients. To gain a better understanding of the interplay betMteemdCa'? levels
in AD, a novel stochastic model has been developed. This model utilizes a physics-based Bayesian apy
analyze the positive feedback loop betwé¢nandCa' 2, using data from the Alzheimer's Disease Neuroimagi
Initiative (ADNI). We analyzed the data fétb concentration and tted it to the developed stochastic model us
the approximate Bayesian computation (ABC) technique. ABC is a data-driven strategy that utilizes a nur
low-cost numerical simulations [4]. By investigating the interplay betwaemndCa' 2 levels at different phase:
of disease development, the model has shown that disrupbnmetabolism or intracellula€a’ > homeostasis
leads to a relative growth rate in baffa* 2 andAb, which corresponds to the development of AD.

These ndings suggest that targeting tba" ? balance or the balance betwesim andCa' 2 through chelation
therapy may help reduce the symptoms associated with AD and pave the way for new research possibilitie
treatment. Moreover, by considering the probabilistic nature of AD, the stochastic model offers a reliable
work for modelling the disease. Therefore, the model can provide more precise predictions about the d
progression and potential outcomes with regular patient visits and observational data. Ultimately, this r
may lead to new treatment options that alleviate the symptoms of AD.
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Mathematical models are useful for exploring the structure and function of biological oscillators. Especially i
tems where oscillations are under-explored, model development may be limited by the availability of high-
experimental data. Obtaining high-quality data can be challenging due to the presence of multiple osc
timescales, ethical constraints on sampling frequency and amount, as well as nancial constraints on tl
number of samples collected for downstream processing. Given these challenges and constraints, it is irr
to optimize the remaining degrees of freedom, such as the distribution of measurements.

In this talk, we treat the scheduling of measurements in a rhythm detection experiment as a multi-ok
optimization problem. We seek measurement distributions that are capable of accurately characterizing osc
(low bias and variance of amplitude and phase estimators), while maintaining adequate statistical power for
oscillation detection. In order to lessen the computational burden of power optimization, we apply a re
developed technique of hypervolume scalarization [1] in our optimization method. We use simulation ¢
along with easily-computable power heuristics [2] to measure the robustness of our designs to uncertai
parameter values so that they may be applied in realistic experimental settings.

Our optimization protocol has applications in testing the theory of chrono-epigenetics [3]. Epigene
the study of chemical modi cations to DNA. Methylation level (an epigenetic modi cation) predictably chai
with age [4] and also oscillates on shorter timescales, such as hours and days in regions of the DNA wit
of the most signi cant regulatory roles [5, 6, 7]. These ndings led to the chrono-epigenetic hypothesis, \
proposes that important epigenetic changes associated with aging, development, and disease are con
deterministic oscillations [3]. At the moment there is no consensus as to why biologically meaningful
regions are enriched for methylation oscillations [8]. We anticipate that the use of optimal sampling strateg
improve the feasibility of experimental tests of this theory.
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In social networks, the spreading of rumors and epidemics exhibit notable distinct ions, particularly when ac-
counting for the reciprocal influence of forgetting and remembering mechanisms. Simul taneously, due to the
nonlinearity and intricate elements inherent in these models, attaining an analytical o r semi-analytical solu-
tion poses a formidable challenge. This article seeks to address this challege by focusing on the development
of semi-analytical solutions for a novel rumor spreading model known as the Susceptible-Infected-Hibernator-
Removed (SIHR) model [1], mathematically described as below:

di(t) -
. (O GKI(HS(t)

O @gsw asOS HO RO) SO HO ASORO

dH(t)
dt

% RI()SE) OSH)(SE) HE) R()

S(t) M) KSHH(L)

To analytically solve the above nonlinear differential equation, two advanced techniques, namely the Laplace
Adomian Decomposition Method (LADM) and the Differential Transformation Method (DTM), are employed
[2]. By leveraging these methods, the aim is to derive efficient and accurate soldions for the SIHR model,
thereby contributing to a deeper understanding of rumor dynamics in social networks.
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In fair division of a connected graph = (V;E), each of n agents receives a shar&sfvertex selV. These
shares partitiol, with each share required to induce a connected subgraph. Each agent uses her assigned
function to determine the non-negative numerical value of her share, and these values determine whe
allocation is fair in some speci ed sense. We show thatph cutsetsintroduced here, constitute obstacles
divisions that are fair in the EF1 (envy free up to one item) sens& dliarantees connected EF1 allocatio
for n agents with valuations that af@A (common and additive), the® contains nocutset of gap 2 for n
agents. IfG guarantees connected EF1 allocationsifaigents with valuations in the broadeéM (common and
monotone) class, thed contains naeneralizedccutset of gap 2 for nagents. These results rule out the exister
of connected EF1 allocations in a variety of situations. They generalize one direction of the characteriza
Bil6 et al [1], of graphs that guarantee connected EF1 allocations foP agents as those containing tninlent
(regardless of whether valuations &4 or CM), and suggest that the CA vs CM distinction may be consequel
for EF1 graph division when there are more than 2 agents. Additionally, we provide an example of a (non-tra
graph on eight vertices that has no cutsets of gebat all, yet fails to guarantee connected EF1 allocations
three agents witlCA preferences.
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Allosteric regulation in proteins has been studied for more than 55 yearselduntlamental mechanisms
of allosteric signalling and the time scales of their propagations remain glssévRefs. [1,2,3]). In this talk
| avoid coarse grained models and offer a more detailed description ofrgllibsteemphasizes the role of
side chain atoms with one degree of freedom (DoF1: positioned by knowing the Chi 1 angleevbackt
bone is assumed to be fixed). The resulting near neighbor residue graph shows clesorbtnaktwork
properties with highly connected regions just below the binding site, iledtia Figure 1 as a cluster of hy-
drophobic residues represented by yellow nodes. Meanwhile, lattice-like struatates/#r beta sheets and
serve to connect the binding site nodes with other regions of the protenactitins are due to concerted (co-
operative) motions involving changes in dihedral angles within the side chairtkis tudy, molecular dy-
namics simulations provideskatistics recording the interactions between neighboring atom pairs (RoFn
DoFm interactions, where n and m designate the number of Chi angles).

Brownian motion has been studied for well over a century and the usual emphasis hasie@atbntak-
en by the large particle within a solvent bath (see Ref. [4]). Instead, Idodhe collision event itself: Prior
to the collision we have the particle surrounded by molecules moving in a chagic (high dimensional
specification of this motion).

When the rare but certain collision event occurs,
the particle moves in a linear jump (low dimensional
specification of that motion). Immediately after the
collision, there is a deceleration of the particle due to
dissipative collisions with the solvent moleculés.
consider this multiple time scale event as the mos
HOHPHQWDU\ HISUHVVLRQ RI 3R

| contend that an analogous type of phenomenor
occurs along pathways that start at the protein-wate
interface and end at the more concentrated hydrophc
bic core. Signal transmission tends to be directional
and | will argue that when the model is applied to the
PDZ3 domain, the resulting descriptions are con-
sistent with the functional behaviour of a scaffold
protein.

Figure 1: The residue network for the PDZ3 domain
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This article presents the development of two sets of semi-analytical solutions for a mathematical model that
elucidates the transmission of avian influenza from birds to humans. The model under consideration empha-
sizes the potential occurrence of two types of avian influenza outbreaks if preventive measures are not taken i
humans. Additionally, it emphasizes that simply maintaining a low overall numb er of infected humans is inad-
equate to ensure alleviation from the disease. The mathematical description of the analyzed model is provided
below [1]:
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To obtain efficient and accurate solutions for the avian influenza model, we employ two advanced techniques:
the Laplace Adomian Decomposition Method (LADM) and the Differential Transformation Method (DTM) [  2].

These methods are utilized to solve the coupled nonlinear differential equation mentioned above. By leverag-
ing the capabilities of LADM and DTM, we aim to derive precise solutions for the avian influenza model.
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We investigate the oscillation of the rst-order delay differential equation
XA+ pOxt ()= 0t o2 R; (1)

wherep:R! [0;+¥),t:R! R,t(t) t,limy yt(t)= ¥. We trace the evolution of the relevant literature, fra
the seminal results of z,

1
lim inf =; 2
im inf ‘© p(s)ds> o (2)
and Z,
limsup p(s)ds> 1, 3)
tho¥ t(t)
to the recent, sharp, condition
z t z t
limsup p(s)ds> k(lim inf p(s)ds); (4)
th¥ t(t) ¥ ¢

wherek : [0; %] ! %; 1] is strictly decreasing, continuous. We focus on the ideas and methods applied to oscil
both such as they were perceived at the time, and in the broader perspective of the overall advancem
improvements upon the criteria.
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In this talk, we classify all post-critically nite unicritical polynomials de ned over a maximal totally real exten:
of rational numbers. We use tools from complex potential theory and number theory. This is joint work wit
Petsche.
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Whether independent participants can share a resource fairly is an important and easily understood soci
problem. Is it possible to assign each agent a satisfactory proportion, or is itimpaossible to reconcile their cor
interests? Among the criteria that have been proposed for a good allocation are utilitarianism and maxin
Another criterion is envy-freeness. One agent envies another if the rst would prefer the other?s assignme
own; in an envy-free allocation, no agent envies any other.

We assume a nite set of indivisible items, over which each of two players has known preferences. Prefe
are measured on a cardinal scale and are additive in that each player?s utility for any bundle of items is the
its utilities for the speci c items in the bundle.

Even in the two-player case, it is possible that no envy-free allocation exists. We focus on the existence ¢
freeness and its relation with other desirable properties of allocations including ef ciency, in the senses of
and lexicographic optimality, maximum utility sum, and maximum Nash product. Are envy-freeness, al
related property called EFx, related to the utility of the worse-off player? We study these relationship
formally and using a comprehensive simulation, obtaining some analytic proofs as well as assessment
frequency of some useful relationships.

Our approach is to assume that both players? utilities are chosen at random, independently, according to a
tion de ned by Lebesgue measure. The only constraints are that each player?s utilities are non-negative
to 1. We identify certain properties of allocation problems that can potentially simplify the task of fair alloci
demonstrate their existence and relationship, and use them in simulations.
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The inherently multiscale nature of uid turbulence plays a major role in most natural and engineered sy
so that understanding and modeling turbulence at different scales is crucial for many applications, rangit
improving aerodynamic performance to optimizing industrial processes. When particles are suspended ir
their interactions with the turbulent ow structures result in modi ed ow patterns, altered energy transfer me
nisms, and the emergence of new scales, making the understanding and modeling of particle-laden turbuli
a challenging and active area of research. Present study focuses on analyzing the uid-particle thermal int
in a particle-laden turbulent ow, which recently has received attention [1, 2, 3], and for which experiments ¢
provide a detailed picture. Speci cally, we investigate a basic archetypal non-isothermal ow con guration, v
an initial temperature step between two isothermal regions is advected by a turbulent, isotropic solenoidal’
eld. In this scenario, the ow is seeded with a set of identical inertial particles smaller than the Kolmogorov I«
scale. Utilizing the formalism introduced by Pousanrari and Mani [2] to represent particle dynamics, we d
strate that the advection by the turbulent velocity eld produces a self-similar evolution of both uid and pa
statistics for any particle inertia. Remarkably, when rescaled with a single length scale deduced from th
temperature, all temperature and velocity-temperature moments collapse. This length scalet$Fatifiusive
growth. The outcome of such analysis with a set of Direct Numerical Simulations (DNS) at moderate Re
number, carried out by using the Eulerian-Lagrangian point particle model, valid for small heavy sub-Kolmc
particles, in both one-way coupling and two-way thermal coupling regimes. We considered a wide range of |
Stokes numbers, from 0.1 to 3, and a Taylor microscale Reynolds number up to 124. The thermal Stoke
ber to Stokes number ratio, which depends only on the ratio between the particle speci ¢ heat and uid s
heat, is kept constant and equal to 4.43, which is representative of water droplets in air. The simulations i
con rm self-similarity up to third order moments and th&? scaling, as in [4]. Moreover, the DNS data allo
to complement the self-similar analysis by providing quantitative values for the phenomenological coef cie
the unclosed terms in Pouransari and Mani approach. The implications on turbulent modelling will be disc
Overall, our analysis allows to quantify the role of particle inertia and thermal inertia on the ability of turbulel
transport heat, and to highlight the effect of the modulation of the carrier ow temperature uctuations by pe
thermal feedback.
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In studies of collective decision-making, the problem of allocating indivisible items fairly and ef cientl
now recognized as the most dif cult. Here, various algorithms for nding allocations are assessed on their
to achieve the desirable properties of envy-freeness, Pareto-optimality, maximin, maximum Borda sum, an
maximin. Two players with additive preferences allocate an even number of indivisible items when thei
information is the other's strict preference ordering. Algorithms under study include both naive and sophis
versions of sequential selection, bottom-up sequential selection (or sequential rejection), balanced alte
bottom-up balanced alternation, and fallback bargaining. The results suggest that fallback bargaining, t
simultaneous algorithm, satis es most fairness and ef ciency criteria but has some distinctive drawbacks.
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State estimation of a dynamical system refers to estimating the state of a system given a noisy model, r
ments and some information about the initial state. While Kalman ltering[1] is optimal for estimation of li
systems with Gaussian noises, calculation of optimal estimators for high order non-linear systems of ordin
ferential equations is challenging. A common method is to linearize the system at each step and use a

Iter on the linearization; this is known as an Extended Kalman Filter (EKF). However, this approach is not
mal and is not always stable. We focus on establishing a pathway to explore optimal methods for state es
of high-order systems by using neural nets. We train a recurrent neural network(RNN) to estimate the st
system. An RNN seems the obvious choice of neural net due to its structure[2] and the presence of appro:
theory [3]. These results imply that an optimal estimator can be implemented as an RNN to arbitrary accu

+Propecty/Method —» | RNN | EXF
| i
MSE 0.2346 04180
Execution timefinsac] | 0.24 54.45
(a) Estimated states vs true states (b) MSE and execution time

Figure 1: State trajectory, mean squared error and execution time comparison for Lorenz system. Note tf
t = 0:01 timesteps and varies from 1 to 50 seconds. All data considered had additive white Gaussian n

An EKF is compared to the RNN for several examples of discretized systems of differential equations,
ing the Lorenz equations. Details of training the RNN are brie y described. Our results show that executic
and mean square error are both signi cantly reduced (Table 1b). Figures will be presented that show, ex
the initial time-steps, matching of estimated state to the true state (Fig. 1a) . It is explained how the linea
error is reduced when an RNN is used and the consequences of this for the estimation error.

Future work will be further testing on higher-order systems and also showing convergence and stabilit
RNN.
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Voting on two alternatives appears unproblematic in comparison to voting on three. For two altern
May's Theorem [6] and its descendants uniquely characterize majority voting. For three alternatives, one fe
problem of majority cycles and the related Arrow Impossibility Theorem [1]. Nonetheless, we have shown 1
adding some desirable axioms to May's axioms, we can uniquely determine how to vote on three alternat
particular, we add two axioms stating that the voting method should be immupeiler effecteand avoid what
is known as thetrong no show paradd2, 7].

We say that a preferential voting method suffers from a spoiler effect in an election if a candlidaiad
have won without a candidatin the election, and a majority of voters prefeto B, but with B included in the
election, neitheA nor B wins [3]. We say that a preferential voting method suffers from a strong no show par
in an election if a candidat#® would have won without some coalition of voters in the election,Argithe favorite
candidate of each voter in the coalition, but with the coalition of voters included in the ele&tioses [7].

Our main theorem states that any preferential voting method satisfying our enlarged set of axioms,
includes some weak homogeneity and invariance axioms, agreellimithaxvoting [9, 5] in all three-alternative
elections, except perhaps in some improbable knife-edged elections in which ties may arise and be bi
different ways. A number of sophisticated Condorcet voting methods [10, 8, 3, 4] agree with Minimax
least non-knife-edged) three-alternative elections, so our result provides support for this common solutio
problem of voting on three alternatives.
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Wilson-Cowan equations have been used for decades to describe neural populations [1]. In this fori
individual neurons are in one of three states: Active, Sensitive or Refractory. Transitions between states
a stochastic manner. LA(t); S(t); R(t) stand for the proportion of neurons in each state at tinféneir expected
values evolve according to

dI(Ej[tA] = E[ bA+ aSFA)]; dIZES‘I = E[R aSKA)I; dlil[tR] = E[ R+ Al (1)

Here,F(A) = s((WA q)=s) with s being the sigmoid function is a bounded activation function. The parame
(a;b;g;w; q;s) specify the model. In the mean eld approximation, expectations are dropped and (1) becc
system of odrdinary differential equations (ODESs). However, the mean eld approximation may fail to captu
behaviour of the underlying stochastic atomistic model.

Equation (1) is not closed since the right hand side is not a functi&jAjf E[S andE[R]. A task of interest
is to approximate (1) by a close ODE system that captures the behaviour of the underlying stochastic syst
moment closure method is a natural approach in which one develops the right-hand side with a Taylor ex
However, this can lead the solutions making no physiological sense (i.e. with proportions ou{fidé tange).
As an alternative, we here apply the method of size expansion developed by Gast et al. [2]. We show the imy
of taking variances and covariances into account when building an ODE system approximating (1) [3]. We ci
the quality of various approximations using the ground truth obtained from solving the master equation.

Figure 1:Left: True (full lines) and mean eld (dash lines) solutior@enter: Time courses of varianceRight: State distribution at=
2:5 from the master equation. This illustrates the insuf ciency of the mean eld appr@ashi(4;b = 2:5;g= 1,w= 5:5;q = :75;s= :1).

) b P s § &
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1 Extended Abstract

Ordinal Bayesian Incentive Compatibility (OBIC) is a natural weakening of dominant strat-
egy incentive compatibility or strategyproofness in modslof strategic voting. Introduced in
d'Aspremont and Peleg(1989, OBIC has been studied extensively in deterministic votig
models (see for exampleyiishra (2016). The present paper explores the consequences
OBIC in a probabilistic voting model. A probabilistic or random voting rule selects, for
every pro le of voter preferences, a lottery over the altemtives. A random voting rule
is thus represented by aandom social choice function (RSCF)that associates with every
pro le of voter preferences a lottery over alternatives. A andom social choice function is
OBIC if the interim expected outcome probability distribution from reporting truthfully
rst order stochastically dominates any interim outcome pobability distribution induced by
misreporting. The interim expected outcome probability icomputed with reference to the
voter's prior beliefs about the (possible) preferences of the other voters and isdsa on the
assumption that the other voters follow the truth-telling strategy.

Allowing for randomization is often conceived as a means tos@ve con icts in collective
decision making. For voting problems however, the celebeat result by Gibbard (1977
demonstrates that over the universal domain, the only randorsocial choice functions that
are strategyproof and satisfyunanimity are random dictatorships

The notion of OBIC as a incentive requirement clearly depemsdon the priors. Our
results are two-fold. First, we consider a class of priors wdh can be described as a smal
generalization of the uniform priors. We demonstrate that ta randomized version of the
plurality rule is OBIC over a large class of domains, if and dw if the prior belongs to the
class we consider.

Second, we study OBIC with ageneric class of priors. Fordeterministic social choice
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functions Majumdar and Sen(2009 demonstrate the equivalence of strategyproofness an
OBIC for a large class of priors. The class of is generic in teet of independently distributed
common prior in a topological sense. We pursue this line ofsearch for random social choice
functions. It is well known, (see for exampl&lajumdar and Roy (2021) that generic priors
as de ned in Majumdar and Sen(2009 or Mishra (2019 do not precipitate equivalence of
strategyproofness and OBIC for random social choice funetis. The reason such a condition
works in those papers is that for each prole of preferences atérministic social choice
function selects adegeneratelottery over alternatives. We consider random social choice
functions where for each pro le, the probability weight on eeh alternative belongs to a
nite set X .We then consider OBIC with respect to priors that are \geneg" with respect
to the elements in the setX in a speci ¢ sense. We call this condition on priors Conditio
G . Condition-G that we identify depends crucially on the seiX . Our main result is that
any RSCF whose range is restricted to the s&t, is OBIC with respect to a prior satisfying
Condition-G if and only if it is a random dictatorship. Our second resultdenti es condition
that precipitate equivalence between strategyproofness@é OBIC for RSCFs.
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Although reliable and robust image characterization techniques exist for nanomaterials [5], post-proce:
these images to quantify structure/property relationships is an underdeveloped research area [1]. Quan
of nanostructure order is made dif cult by the presence of complex spatially-varying pattern symmetries
nanoscale [1]. Moreover, recent research has utilized nanomaterial defects for improved or novel materi
tionality [6], referred to adlefect structure engineerifg]. For self-assembled materials, the importance of defe
on the resulting ordered nanostructures is critical for their use in devices and other technological applicati
Thus the development of computational methods to automate the identi cation and classi cation of nanomr
defects is key for further progress in both research and technological applications.

Recent work usingolar shapeletsa family of orthogonal basis functions with rotational symmetry proper
[4], has been used to identify local pattern order [2]. These existing shapelet-based methods rely on user i
where incorrect input can lead to less accurate order quanti cation, including poor resolution of pattern d
The goal of this research project is to enhance the cusgpervisednethod to be both unsupervised and mc
computationally ef cient. Both of these objectives are achieved through the use of clustering analysis [7].

Previous work used a subset of shapelets to capture at most hexagonal order [2]. However, results in tl
use higher-order shapelets viaegluced response bagigsulting from clustering analysis. This reduced basis
used to automate the classi cation of defect regions, which involve order response with degenerate phase
defect-free regions of the pattern. This reduces computational complexity while increasing defect identi
resolution. This signi cant result is used to develop ef cient unsupervised shapelet methods for quanti cat
nanostructure order.

ey

Figure 1:Simulated self-assembly stripe nanostructures (left). The result of applyinmghuperviseghapelet-based method to autc
matically identify grain boundary defects (right).
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Generally, partial differential equations (PDES) need to be approximated in order to design controlle
estimators. One issue with some numerical methods is that spurious high-frequency eigenvalues can occt
not signi cant in simulation, they negatively affect controller design, disturbing the stability margin. A unil
stability margin, or more generally uniform stabilizability, is a necessary condition for controller and estil
convergence. In this work, we use a stain—-momentum formulation of the wave equation with boundary diss

i.e., considering the material parameterandt , the boundary dissipatidm, and de ningq(x;t) = % and
p(xt)=r “Wﬁ“t) wherew(x;t) is the wave de ection, we obtain the following system:

Toax) _ 0 1 1 tax) | |
Tpoct) - 1 0 fx poctyar o X2 @bl @)

p(oit) _ .
r

subjecttop(a;t)=0 and tq(b;t)+ b 2)

R )
with total energy given b¥(t) = % ;’tqz(x;t)+ @dx As shown in [1], using the multiplier approach [2

Ch.7] we de ne an auxiliary Lyapunov function®(t) = E(t) + eR;’ p(x;tym(x)q(x;t)dx, wherem(x) = x a
is a multiplier function ance 0, allowing us to obtain bounds for the exponential decay rate and amplit
expressed in terms of the physical parameters. We extend this approach for the approximated model :
setting the conditions for the construction of the discrete Lyapunov function. Proving that, from the mul
approach point of view, a rst-order mixed nite-element method (MFEM) yields strictly uniformly exponenti
stable approximations, i.e., the discrete energy exponential decay rate and amplitude obtained are eqt
continuous system one's. The scheme uses linear splines as basis functions and piecewise constant splin
functions, as shown in Figure 1. Numerically, the decay rate appears to match the exact decay rate of the
partial differential equation.

,
Xo X1 Xk 2 Xk 1 Xk Xk+1 Xk+2 Xn 1 Xn

k ! !k+1 ! n
Figure 1:Basisy  and test functions used for the Mixed-FEM approximation.
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The aim is stabilization of the following class of parabolic-elliptic systems

Wi (X 1) = wex(X;t)  rw(x;t) + av(x;t); (1)
0= vx(Xt) gv(X;t)+ bw(xt); (2)
Wy(0;t) = 0; wy(L;t) = u(t); w(0;t)= 0; w(1;t)= 0; 3)

wherex 2 [0;1] andt 0. The parameters; a; b; g are real, witha, b both nonzero. Alsa 6 (np)2
so the operatogl 9k is invertible which ensures the well-posedness of (1)-(3) [1]. Such systems appt
the mathematical modelling of lithium-ion cells [2]. In the case when the parabolic equation is stable, it"
be expected that the coupling between the equations would either enhance the convergence rate or at |
it unchanged. However, it was shown in [3] that a linear parabolic-elliptic system can be unstable for
parameters. The control problem of such systems was considered in [4] where two control inputs were re
We design one boundary control using a backstepping approach. Explicit calculation of the eigenfunction
required. We use a backstepping transformation previously used for parabolic equations [4] which does
on reduction to a single equation. The result is an explicit expression for a boundary control that stabili:
coupled system; or more generally, improves the decay rate in the situation when the original system is sta
result is illustrated with simulations. Figure 1 presents the parabolicws(aie) before and after control.

Erlore € ontiod Aler Comtroel

Figure 1:A 3D landscape of the dynamics of the parabolic state of system (1)-(3) before and after applying the control
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Bankruptcy risk is the probability of a company failing to repay its debt obligation. Though, with the ever-
developing data analysis techniques and methodologies, statistical models can effigiunttyared analyze
the pattern and extract information or variances of the entire datasettiordecision-making than ordinary
procedures and formulas. Thus, this data-driven project will apply statistical machimededgorithms to
address the imbalance of the dataset and discover the optimal prediction of the bakiingtcompanies in
Taiwan from 1999 to 2019

In this analysis, we apply Random Undersampling, Random Oversampling, and Synthetic Minority
Oversampling Technique (SMOT®Jo the training set and compare their performance with four different
statistical machine learning methods to estimate the bankruptcy of 6819 companies. Thalstaishine
learning algorithms include Logistic Regression, K-Nearest Neighbors, Random Forest, and Support Ve
Machine. Furthermore, this project will also discuss the chosen tuning parameters and th&erpre
symbolization behind each recorded metric. For our study, we will be the most interested inngpmpa
sensitivity and specificity across different techniques and methods instead of only comparacgtheyahat
holds trivial meaning.

Although all sampling techniques provided similar results in most machine learning methods, our results
showed that applying the Random Undersampling technique and Random Forest method on the dataset h
best result in sensitivity and specificity with a minimal difference illustrated bythstandard deviation of

ten distinct trial simulations. The dataset was collected from the University obi@&lifrvine Repository of
Machine Learning Databases, and the simulation of this analysis was completed in R.
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Quantum photonic neural networks (QPNNSs) are recon gurable photonic circuits inspired by machine
ing that can be taught to process quantum photonic states deterministically. They have been proposed t
key components of emerging quantum technologies [1], act as a platform for quantum computation an
lation [2], and even speed up conventional machine learning tasks [3]. Here, we build on the early prc
[2, 3] and show how to construct a model of imperfect QPNNs, which we then use to benchmark their |
mance. We rst consider the effect of standard nanophotonic imperfections on the network, speci cally ¢
ering photon loss and imperfect routing. As shown in Fig. 1, a randomly selected amount of loss and dire
coupler splitting ratio variation is assigned to each component throughout the network from distribution
sen to match recent experimental results. We further incorporate weak optical nonlinearities by specif
effective nonlinear phase shift less than the idgealWith these imperfections, we construct a network trans
function and demonstrate hov
it is used to train the QPNN,
where its delity (the chance
it produces the correct outpu
state for any given input) is
optimized by varying the pro-
grammable phase shifters i

MZI Loss [dB i
0.0075 0.0080 o.f(;g;s[ ] 0.0092 0.0097 each Mach-Zehnder interferom
eter (MZI) throughout the net-
42:58  46:54 50:50 54:46  58:42 0.26 0.28 0.30 032 0.34 work. This process relies

Directional Coupler Splitting Ratio (T:R) [%] Waveguide Propagation Losses, auwg [dB/cm] on advanced numerical mode

ing and runtime-sensitive oper
Glions to describe how an im
perfect QPNN affects incominc
photons. In our analysis, we nd that the QPNrnsto correct imbalances across its components and maxir
the effect of the weak nonlinearities available. We then extend this result to unravel an intricate relations
tween the network's imperfections and its size, providing a guide to the optimal design of QPNNSs for nee
experimental applications. Overall, our work paves the way for using QPNNSs as a fundamental building b
gquantum technologies.

Figure 1:Imperfection distribution in a QPNN. (a) Directional coupler splitting ratios and
photon losses assigned to individual network components.
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Molecular dynamics is largely devoted to the computatiostafisticatmechanical properties of matter usir
classicatmechanical models. A classical problem is to simulate these properties when the number of piijtic
volume ) and temperaturel() are held constant. This models the properties of a closed, microscopic s)é}el
in contact with a heat bath at a xed temperatiire

Nosé, and Hoover, proposed a simple model which augments the Hamiltonian equations of\dystdma
single state variable [6, 2]. This time-varying pseudo-friction mediates the exchange of energy between the
M with total energyH(q; p) and heat bath. The equations of motion are:

q = Hp p = Hyg ezp
y4 e(p Hy T);

whereq is the vector of con gurations o, p is the conjugate momentum vector ands the pseudo-friction.
The coef ciente is a proxy for the speed of heat ow, aq H, is the instantaneous temperature of the system

Researchers have recognized the shortcomings aftbimostat even for the harmonic oscillator, the syste
has positive-measure sets of invariant KAM tori wieeis suf ciently small [7, 4, 1].

Kusnezov, Bulgac and Bauer (KBB) introduced an extension which utilizes two state variableman? :
arbitrary functions to parameterize friction-like terms [3]. Their equations are

qd = Hp h(X)F(@p): p = He M(z)G(qp); o)
X = F Hg Tk z = G Hp TGy
Ergodicity of these equations imply that the Birkhoff averages of functidasp) converge almost everywher
to the space average. The KBB thermostat is a popular alternative to the Nosé—Hoover thermostat. Appa
samples from the extended canonical ensemble much better than Nosé—Hoover [5].

We apply the authors' “preferred couplings” [3, egn. 35] to a 1-dimensional harmonic oscillator. By n
of averaging theory and rigorous numerics, we prove that the four-dimensional extended phase space of
possesses an abundance of invariant 3-dimensional KAM tori when the tempdratute

(1)
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In recent years, the concept of an interval-valued neuron has appeared in the literature. Interval valu
rons are used to process interval-valued data, with typical applications examples being the mushroom
(www.mykoweb.com/CAS&r the electricity market. When the information that is available features uncerte
variability, or inaccuracy, representing the data as being interval-valued can be useful. While the resultinc
network can be implemented by representing the interval-valued neuron in terms of the center and (posi
dius of the interval, a recent suggestion is to instead represent the neuron by the two interval endpoints
a term to the cost function that penalizes endpoints crossing. After discussing this design, we will introdt
notion of a convex-set-valued neuron, focusing in particular on the implementation of polygon-valued n
and the resulting neural network. Some examples will be presented, and a motivating potential application
discussed.
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The special dynamics of interfacial particles has received increasing attention both in fundamental stuc
technological applications in the past few years. Colloidal particles residing at a uid interface are abun
found in industrial materials and biological systems [1, 2]. In order to have a better understanding of the
physical properties of particles at the interface, extensive attention should be paid to the surface interaction
the particle and the uid. In this research, a computational method is employed to study the wetting pro
of spherical particles at a liquid-gas interface. Different wetting boundary conditions will be tested to a
the adsorption of the particle onto the interface. The simulations will be performed using a modi ed vers
the Ib/ uid package in LAMMPS, which is an implementation of Lattice Boltzmann method for simulating
mechanics. These results can provide us with enough insights to study interfacial particles with more c
conditions.
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Researchers have long been interested in analyzing variance heterogeneity ancestdateduhderstand
the effects of covariates on variance. One area of particular interest is in studying vargeree expression,
which is closely linked to biologad processes. While traditional statistical distributions such as Poisson a
Negative Binomial have been used to model count data, they have limitations in cajhieimognplexity of
realworld count data applications due to their mean and variancendhip. To solve this problem, we pro-
pose using the Poissdiweedie distribution, which has a flexible shape and dispersion that can accommoc
overdispersed data. The Poissmeedie distthution includes the Poisson, Negative Binomial, and Poissol
Inverse Gaussian distributions as special cases. We have implemented a-Paissdie mean and dispersion
regression framework using maximum likelihood methods and examined its numesaitps via simula-
tion. We have also demonstrated its applicatioaugh a differential gene expression analysis involving can-
cer tumour samples.
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Most road networks are known but may not be updated to include newly constructed roads, especially i
and underserved areas across the world. Extraction of new roads allow for automated updating of loce
and/or contributions to crowd-sourced maps such as OpenStreetMap. The increasing availability of satel
aerial imagery has led to a growing interest in methods for updating road networks without manual input.
work, we expand upon existing methods using an ensemble of deep learning techniques applied to high-re
satellite imagery to further improve results and organize the data analysis into a re-usable computational p

Our model has three component: pre-processing the satellite data, building a pool of deep learning mc
extract the road network; and post-processing the model outputs to extract updates in a road network for
bounding box.

The pre-processing component involves acquisition of high-resolution satellite images from SpaceNet, S
2, and PlanetScope (a proprietary satellite data provider) and annotation with ground truth labels for ro
non-road pixels. Data augmentation (geometric transformation and pixel transformation) is performed to
the large amount of training data required for deep learning models as small datasets can cause models
the data, resulting in low accuracy on out-of-sample data.

The second component involves training a diverse set of deep learning models suitable for image segm:
tasks, each model in the ensemble having different architectures and/or hyper-parameter variations for d
We then train each model separately using the training dataset, optimizing them with appropriate loss fu
and evaluation metrics while utilizing data augmentation technigues to enhance the diversity of training date
trained, the predictions of individual models are combined to create an ensemble prediction, which is also ev
and adjusted to ensure satisfactory results on a validation set.

In the nal component, we apply the nal ensemble model to a testing dataset, which was not used duri
model training component. We post-process the predictions with techniques like topological and morpho
operations to re ne the road extraction results and perform comparison of resulted road network with existin
network from OpenStreetMap to extract the updates. This provides updates to the road maps like OpenSti
without introducing errors in parts of the map that remain up-to-date. The proposed approach has beer
ated empirically with several state-of-the-art road extraction methods and demonstrated the effectivenes
approach.
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In this work, we use non-equilibrium molecular dynamics simulations and phonon Monte Carlo simulati
study the temperature pro le of silicon nanowires placed between two heat baths with different temperature
simulation methods predict the temperature gradient to be steeper in the vicinity of the heat baths than in th
of the system. This contradicts FouSdaw which predicts a constant gradient throughout the system. How:
the simulation results can be understood with the help of a simple radiator model or similar solutions
Boltzmann transport equation which both predict a discontinuous temperature jumps at the interfaces betv
heat baths and the nanowire. We show that the radiator model is able to explain the reduction of the tem
gradient in the centre of the system compared to the macroscopic Fourier model. This indicates that tt
gradients observed in the simulations are continuous manifestations of the discrete temperature jumps fol
the analytical methods.
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Modelling and forecasting climatic variables have been done using models which did noy paymere
the cyclical variation present in these series [1, 2, 3]. This study aims to propose a Fanegreagdive mov-
ing average model (FARMA) in which Fourier terms with the ability to handleagyctiovement were added

to the model based on the work of [4]. The model is given as
o)

Vewt+r — @Po T+ Z [@E{:L’} cosErr.icf,‘w + sznkﬁ"rm]}-‘ku.w_i + S

i=1
q ()
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i=1 ) ) )

wherevthe period indefv = 1,2, ..., w), k is the year indebk = 0 + 1,+2, ...}, @;{v) and?; (v) the Fou-
rier autoregressive and moving average coefficients,the number of seasons. The model stages: identifica-
tion, estimation, diagnostic and forecasting with its evaluation metrics were also cewdstruct

From the implementation of the model, the Nigerian monthly rainfall series from 12022avas con-
sidered. The identification stage yielded MAR(1,1), (1,2),(2,1) and(2,2) models based on Periodic Auto-
correlation and Partial Autocorrelation functions. The coefficients were estimesing the Discrete Fourier
transform method. FARA (1,1) models were taken as the optimal model with regard to the lowest values of
Periodic Akaike and Bayesian Information criteria. The Periodic Residual Aut@tmrneFunction was used
to determine that the residual of the fitted models was white noise.

The time-ahead forecast displayed a continuous rising cyclical movement frony 2AXiBato December
2030 with small values of Periodic Root Mean Square, Mean Absolute, and Mean Absolute ReEeatag
whereas the in-sample forecast showed a close reflection of the original monthly rainfall series

The often used Box and Jenkins univariate models forecast and its evalugttios oonsidered did not
exhibit a better cyclical movement when contrasted with the FARMA models.

The proposed model becomes a significant tool that ascertains rainfiallcosly rising cyclical move-
ment contributes to climate change in Nigeria. This further indicated thatrttaar be rapid climate change in
years ahead and the Government at all levels needs to put in place plans to curtaildts effec
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The relationship between the complexity and physical aspects of an organism has been dif cult to st
the typical timescale of evolution in biological systems. By evolving digital organisms modelled as nite
machines, which can be generated much faster, we can investigate how these factors might interact |
iterated prisoners' dilemma serves as a good model of how populations might evolve cooperative strategie
when a rational actor would always choose to betray others [2].

We examine the complexity of players in evolved populations of nite automata that play iterated prisc
dilemma, using rigorous mathematical measures from algebraic automata theory (Krohn-Rhodes com;
In particular, we test Rhodes' hypothesis that evolved organisms will have complexity close to their nurr
possible states [3].

To mimic biological evolution, the players must have some measure of tness which determines their like
of reproducing and passing on their traits to the next generation. For this simulation, the tness comes fr
summed score of a player's games against all other members of the population. A penalty based on the
number of states may also be applied. It simulates the cost of having more complex biological feature
example, additional energy consumption. See Eqg. (1).

PlayerScore Penalty)zl (1)
100 '
Players selected for reproduction undergo crossover and mutation to create a new member of the ne;

ation. After 100 generations, we examine trends in tness, cooperative moves, and the upper bound of
Rhodes complexity calculated using holonomy decomposition in GAP [4].

PlayerFitness= (

Three evolving population groups were compared. A control group where the tness was always st
regardless of performance, one without a penalty, and one with an exponential penalty.

We found that when the tness calculation is related to performance, i.e., evolutionary pressure is p
complexity is close to the number of states of a player. This is in line with Rhodes' hypothesis [3]. Additio
not only do the groups with evolutionary pressure differ from the one without, the group with an expor
penalty function also differs signi cantly from the one without penalty.
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In this paper, the quasi-synchronization issue of fractional-order multiplex networks with parameter mis
is considered by intermittent control. To better describe the complexity, ambiguity, and network topology
actual world, parameter mismatch, intra-layer and inter-layer structures are both introduced into the mathe
model of fractional-order multiplex networks. By the graph theory and the Lyapunov method, under interr
control, some suf cient conditions of quasi-synchronization are shown, and the allowable error bound is esti
Finally, theoretical results are applied to power systems, and some numerical simulations are presente:
demonstrates the effectiveness of our results.
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We present a framework for parameter estimation in dynamical systems consisting of both of time-varyi
time-invariant parameters. Traditional approaches to such problems involves appending the set of paramet
system state and jointly estimating the elements of this augmented state using nonlinear lters. In a conve
setting, the time-varying parameters are driven by noise to induce arti cial perturbation. A downside ¢
approach is the increased nonlinearity and the arti cial dynamics that are introduced while estimating pare
in this manner. To alleviate these undesirable effects, we leverage Markov chain Monte Carlo (MCMC) m
to estimate the set of time-invariant parameters in our system, while relying on a nested state estimation pi
for the concurrent estimation of the system state and the time-varying parameters. Critically, the use of |
for the estimation of time-invariant system parameters also permits the joint estimation of the noise stren
optimally drives the dynamics of the time-varying parameters.

We demonstrate the performance of the algorithm for simple compartmental models having a combin:
time-varying and time-invariant parameters. Consider the SIR model, a system of three coupled ordinary ¢
tial equations,

ds dl dR

i bSI; a—bSl al; a—gl, (1)
whereS, |, andR are models states which categorize the population as aitiseeptiblginfectious or recovered
The parameteb re ects the number of disease transmitting interactions occur per unit time, which may intuit
vary in time given seasonal trends, lockdowns or other non-pharmaceutical intervention measures. The pi

g is the reciprocal of the average time to recovery, hence it is more likely to remain constant.

In this example, the state vector is augmented to include the time-varying parédmstieh that it is estimatec
within the nonlinear ltering framework. Static parameters are concurrently estimated using MCMC.

o
B

.25 1
0.030 - 025

o)
g 0.025 ﬁ
o
S 0.020 ;

¢

g
€ 0.015

o
N
)

ec
o
-
«

o
=
S

2 0.010

=1

Active
o
o
w

0.005

Infection rate parameter,

0.000 1€ . - . . . . . . : . . .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Time, t Time, t

°
o
S

Figure 1: Left: synthetic data for two waves of infectionsqompartment). Right: comparison of the true (red) and estimated (b
values of the time-varying infection rate parametey. (
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During aerobic exercise, women oxidize signi cantly more lipids and less carbohydrates than men.
sexual dimorphism in substrate metabolism has been attributed, in part, to the observed differences in epi
and glucagon levels between men and women during exercise [1, 2]. To identify the underpinning cal
physiological mechanisms for these sex differences, we developed a sex-speci ¢ multi-scale mathematice
that relates cellular metabolism in the organs to whole-body responses during exercise. We conducted sin
to test the hypothesis that sex differences in the exercise-induced changes to epinephrine and glucagc
result in the sexual dimorphism of hepatic metabolic ux rates via the glucagon-to-insulin ratio (GIR). In
model simulations indicate that the shift towards lipid metabolism in the female model is primarily driven t
liver. The female model liver exhibits resistance to GIR-mediated glycogenolysis, which helps preserve |
glycogen stores. This decreases arterial glucose levels and promotes the oxidation of free fatty acids. Furtl
in the female model, skeletal muscle relies on plasma free fatty acids as the primary fuel source, ratt
intramyocellular lipids, whereas the opposite holds true for the male model.
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Figure 1:Relative contribution of fuel sources to whole-body ATP production. Percent contribution values are instantaneous v
15, 30, 45 and 60 min, respectively. Moderate intensity exercise at 609m&0(150W).M: male modelf: female model.

References

[1] S. L. Carter, C. Rennie, and M. A. Tarnopolsi8uybstrate utilization during endurance exercise in men and women after endur
training, Am. J. Physiol. Endocrinol. MetaB80, 6, pp. E898-E907 (2001).
[2] B. Ahrén,Autonomic regulation of islet hormone secretion—implications for health and diseag®etologiad 3, pp. 393-410 (2000).

247



The VI International AMMCS
Interdisciplinary Conference
Waterloo, Ontario, Canada

Ef cient Method to Estimate Second-order Sensitivities for Stochastic Discrete
Biochemical Systems

F. Jabeeh S. llie2

Toronto Metropolitan University, Toronto, Canada,
lfauzia.jabeen@torontomu.ca
Zsjlvana@torontomu.ca

The understanding of highly complex biochemical systems requires advanced mathematical models ar
lation strategies. When dealing with well-stirred biochemical networks that involve some reacting species il
molecular counts, the Chemical Master Equation, a stochastic discrete model, is commonly employed to
the random uctuations speci c to these systems. Sensitivity analysis is a powerful tool to study the sy:
behaviour. It quanti es the change in the model's output due to small variations in its parameters. In this |
second-order sensitivities are quite valuable for identifying extrema in expected outcomes. We propose an «
and accurate method to estimate second-order sensitivities for the Chemical Master Equation. This meth
on a tau-leaping technique and nite-difference schemes. We illustrate the bene ts of the proposed ser
estimator by testing it on various models of interest.
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Start with 31 points evenly spaced on a circle, each arbitrarily colored blue or red. Is it always possible
5 of these points, all of the same color, that divide the circle into arcs proportiong2;i; &; 16 (in some order)?

The answer is yes, as can be veri ed by checking every possible coloring. The question was inspire
problem proposed by Robert Tauraso in the American Mathematical Monthly [1]. The 31-point result lea
nice solution to that problem. But the more interesting question is whether the result generalizes.

Conjecture. Letk 1. Given ¥ 1 points, evenly spaced on a circle and each arbitrarily colored
blue or red, it is possible to seldcbf the points, all of the same color, that divide the circle into arcs
proportional to 12;4;:::;2¢ 1 (in some order).

The conjecture is trivially true whek= 1 andk = 2, and is
easy to prove whek= 3 ork = 4. Computer proofs exist when
k = 7. Does the conjecture hold in general?

Some curiosities occur. We cannot require that the arc lengths
occur in any particular cyclic order. It is possible that there are
“winners” (successful selections &fpoints) of both colors. It
is also possible that the only winners are of the minority color.
If kK 3 then for any coloring, the number of winners is even.
The minimum number of winners (over all colorings) is 2 (for 7
points), 4 (for 15 points), and 10 (for 31 points).
In this example, the selected points are
shown as vertices of a pentagon. The arc
lengths appear in the ordey16; 2; 4; 8:

Janos Pach reports [2] that the conjecture would be false if
any other nite sequence were substituted for the initial powers
of 2. It was his group who used a SAT solver to verify the con-
jecture wherk = 7.

Ramsey Theory has not found much application in fair division problems. The best-known Ramsey tht
guarantee the existence of certain complete graphs, or certain arithmetic progressions. Neither of these is
use to us. But this conjecture asserts the existence of a partition of a circle into prescribed parts. Our subj
about partitioning things into prescribed parts. If the conjecture is true, how long will it take to nd applica
to practical fair division problems?
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In this research, we delve into the application of Spatio-Temporal Point Processes (STPPs) for mode
the distribution and occurrence of residential real ettatsactions. Real estate markets have critical econom-
ic implications, and our novel Self-Exciting Spatiefiiporal Point Process (SESTPP) approach offers a new
lens through which to understand the potentially intricate dynamics of real estate markets.

The motivation behind this work is the demonstratkility of SESTPPs across various disciplines ranging
from seismology to criminology [1] to model events thatrease the probability of observing future events.
Given the potential for one real estate transactiatinoulate others nearby, the self-exciting assumption finds
relevance in this research direction.

Key questions this research aims to answer indluelénsights gained by STPP and SETPP models applied
to real estate transactions, the existence and chasticeiof clustering phenomena, the presence of self-
exciting behavior, and the efficacy of a proposed modpiedicting future transactiodistribution and identi-
fying potential areas for investment or development.

Notable challenges in this study are model desigd selecting appropriate parameter estimation tech-
nigues for the intensity function, which lacks a standard practice for real estate transaction data. Balancing
weighting between spatially continuous and temporally discrete components and acknowledging housing t
ket dynamics within the model parameters are additibnalles. Furthermore, an appropriate model for the
background rate of real estate transactions (inclusi@agonal effects and heterogeneity due to measured co
variates) must be considered.

The proposed research offers a repeatable procedutieefanalysis, model fitting, and model diagnostics
of real estate transaction data as a SESTPP yvariog the underlying mechanisms that result in observed
transaction patterns. Moreover, this work contributes by developing a novel SESTPP model designed for
unique characteristics of real estate transactioa. ddtis study is expected to advance academic understand
ing of STPPs’ application to bigdata while providing a reference that can inform decisions relating to real
tate investment strategies, market analysis, and policymaking.
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A rst-order difference equation takes the general faxgm, = f(X,), for n= 0;1;2;Idots wherexy is the
initial value. Whenx, represents an observation value at timene can seek to solve the inverse problem
recovering and estimation df given the time seriebxnglL,. In the setting of a particular application, there
often some expectation of the functional formfgfso the inverse problem becomes one of parameter estimat

We instead consider the problem of producing as the right-hand side of the difference equation a net
work, sayfyn, Which can be thought of as a “black boXyn : R! R, that somehow predicts the next value giv
preceding value.

We illustrate the problem by using the public COVID case dataset for Canadasvhiting the number of new
cases (as reported in the dataset) onmlaj/such reporting. In the talk, we seek to represiit as a multi-layer
perceptron neural network and explore the impact of different architecture choices on the model results.
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ThelL2-based mean square error (MSE) and its variations contmbe the most widely employed metrics i
image processing. It is well known, however, that the$éased measures perform poorly in terms of measut
thevisual quality of images since thk? metric, by de nition, cannot capture spatial relationghifhis motivated
the introduction and development of the so-called StrattBmilarity image quality measure (SSIM) [4] whict
along with its variations, continues to be one of the mostatife measures of visual quality. The SSIM ind«
measures the difference/similarity between two imageobyhining three components of the human visual syst
(HVS) — luminance, contrast and structure. The structura tf SSIM, perhaps the most discerning compone
measures theorrelation between two images (or image blocksandy.

The work reported here is a portion of a larger investigatibiine use ofmage gradientsin image processing,
especially in the context of image quality measures [2]. Vet svith the observation thaf® distances betweer
image gradients are able to discern visual quality bettan tMISE. This naturally leads to an investigation
“gradient-based SSIM” measures, to be referred to as “@adS3 In this talk, we consider the simplest forn
of the gradSSIM, in which the usual SSIM is multiplied by ardigidnal term which measures the correlatic
betweenimage gradientsNx andNy. There is, of course, the question of how to de ne the cotiaiabetween
two N-vectors, the components of which are (gradient) vectore €an easily de ne some rather simple-mind:
schemes which work on each of the components of the gradiemons and then combine the results to prodt
with a scalar. But perhaps the most “rigorous” method is Hotgs canonical correlation method(CCA) [1]. As
will be reported, our simple-minded methods yield resuit tiffer very little, if at all, from CCA. Our gradSSIM
measure works well in the case of the “Einstein images” [8}fer penalizing the poorest images while preservi
a relative ordering consistent with that of SSIM. In an dftordetermine if these more punitive scores are “bett
than those of SSIM, we examined gradSSIM over a larger rahgmage distortions as provided in the LIVE
image database https://live.ece.utexas.edu/research/Quality/subjec tive.htm .

In the literature, the usual way of characterizing the diffeaess of an image quality measure is to plot,
each distorted image in the database, its computed imadiygea., SSIM, vs. its “DMOS” value, i.e., its
subjective quality rating relative to its correspondinéerence image. (DMOS=0 implies no visible difference
Using this framework, we found that our gradSSIM performsimbetter than SSIM for visually poor (mid-to
high DMOS) images. During this research, however, we foumeé:¢essary to examine the roles of the so-cal
“stability constants” employed in the SSIM. It turns outtti&SIM is very sensitive to changes in the stabili
constants, with little or no discussion of these effectshim literature. As such, our report will also explore tl
effect of changes in the stability constants on both SSIMgradSSIM.
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Efficient coupling of light in and out of integrated photonic circuits igciad for achieving high-
performance quantum devices. Many techniques were employed to achieve this angplomg of the more
promising methods is the use of grating corgpl&]. This study presents the design and optimization of such
gratingsin InP and at telecom wavelengths using finite element method (FEM, COMSOL Multghj#ic
To do so, we first use 2D models, followed by full 3D simulations asade off between speed and accura-
cy.

Wefirst use a 2D model to optimize the grating parameters with a seriggidfscans. These parameters
LQFOXGH WKH SHULRGLFLW\ RI W KHgratih® &tch Qepthef), addDndibkX df Gret- K
ings (). The aim is to achieve optimal light coupling efficiency at arddsivavelength and coupling angle
here 1550 nm and 10°, respectively, across a 3dB spectral bandwidth of at least 170nr. dfigwea typi-
cal geometry, with a zoom in on the grating region and with the boundgang lelearly. Note that an InP sub-
strate, which reflects downwards couplaght is also included, and in this stage the distance from the gratin
to substrate was also optimized.

Once an optimal geometng identi-

. | -0
] R fied, we switch to a full, three-
24 — . : dimensional model to ensure the accuracy
. || PML | of our device. Here, we use circular grat-
201 il Outcoupling E ings which efficiently funnel the light in
161 - and out of the waveguide [1]. The circular

Adr e e grating geometry introduces additional
124 _ . _ﬁ_; -EEE el design complexityas additional grating
I—E[J_-'-_]_t inf == == parameters, such as radius and grating
T e — , periodicity, effect the coupling efficiency.
4 | | | Our results demonstrate that the opti-
PML | mized 2D and 3D grating designs
1 — ' achieved significantly enhanced light
1] S coupling efficiency. The findings provide
-+1 X107 m valuable insights into the design princi-
[} T pl 1] ] 4l
Figure 1: 2D view of the simulation domain of the grating cou-  ples and optimization strategies for efficient
pler, including an inset which shows the design parameters. light coupling in InP circuits. The proposed

designs have the potential to advance the performance of integrated photonic devices, facilitatiegttze
tion into various applications, such as optical communication systems and quantum photonics.
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Lead-free piezocomposites provide an environmentally beneficial approach forndeteuti harvesting
energy from mechanical stimuli, and it is critical to build realistic mot®t can represent the basic physical
processes behind their performance. The influence of temperature is largelyegeiglecirrent piezoelectric
designs, which are based on electromechanical coupling only. The performance d¢adainge piezoelec-
tric materials degrades with increasing temperature because it diminishes the prajetmitain switching
and phase coexistence [Here, we provide a more precise modelling paradigm to assess how temperatt
affects the functionality of the piezoelectric material. In this papeeNaysTiOs (BNT) piezoelectric inclu-
sions of a definite shape are positioned over a PDMS matrix at predefined locations as showh. ifteg
volume fraction of BNT inclusions is kept fixed and the piezoelectric resporte alystem with thermo-
electromechanical model is compared with conventional electromechanical model. Theo-thern
electromechanical model is expected to predict the performance of piezoelettialbhmore accurately and
it will also help us in finding the right operating temperatureBNIT-type of materials. Aside from this goal,
the research will help us develop solutions to make it perform at greadpenatures and expand the applica-
tion sector for this sort of piezoelectric material.

Up = X1€11 u, =0
us =0 us = b33
V=0 V=0
AT = 50°C AT = 50°C
U =0 U = Apérg u; =0 u =0
u1 =0 us =0 Uz = X333 U = X3833
b =0 V=0 V=0 V=0
AT = 50°C AT = 50°C AT = 50°C AT = 50°C
X3A
, U1 = X181 u; =0
X1 uz =0 u3; =0
V=0 V=0
AT = 50°C AT = 50°C

Figure 1: Schematic diagram of BNT inclusions on PDMS matrix with different bounctamgiitions
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Modeling Variable Compliance to Non-Pharmaceutical Interventions in
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Management of the COVID-19 pandemic required the deployment of non pharmaceutical interventions
[social isolation, physical distancing, mask-wearing, hand-washing], and administration of repeated doses
cine as they became available. We are interested in the consequences, for the dynamics of the disease, ¢
adherence to the NPIs, and the motivation generating the lack thereof, so we investigate a model for the ¢
attitudepostinfection. A basic SEIRS model is expandeddyintroducing a structure in the infectious class,
re ect the variable severity of symptoms and the presence of asymptomatic casés;camdidering the popula:
tion divided into two classes according to their degree of adherence to the NPIs. Analysis of the ensuinc
is guided by epidemiological observations in Québec. Time permitting, a recent analysis of a simpler mc
compliancepre-infection will be presented.
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Retirement planning has been an ongoing issue for everyday Canadians. There are concerns of not beir
meet retirement goals with inadequate saving habits, and fear of being exposed to market downfall. The go
project is to investigate asset allocation strategies that protect investor from downside risks in nancial m
We construct a simple portfolio setting with two assets of different risk characteristics: an equity and bond
The value of the equity E;g; o and bond indice$B;g; o are assumed to be modelled by geometric Brown
motion. A glide path is the proportion of equity assets in a portfolio at tinegpressed by the functiqgn  p(t)
in (1).

E
E+ B

A conventional glide path has higher equity proportion in the portfolio at the beginning of accumulation p
and gradually decreases the equity proportion until maturity. This aims to protect investors from poor |
returns and potentially lose all of the savings near retirement. It can be shown glide paths that employ ¢
proportion strategies as (2) can outperform the respective time-deterministic glide paths with regards to r
volatility of terminal wealth [1].

Pt = 1)

Zy

psds (2

1
t o

ﬁ =
However, this proposition is counter intuitive to the downside risk protection at maturity with relatively
weights in equity near retirement in (2). We use Brownian bridges to explore the extreme probabilities of do
risks near retirement. This study plans to answer the questions: if we condition on poor market performe
the last several years prior to retirement, how does such condition affect the overall performance of portfc
probability of reaching retirement goals? What are the portfolio allocation strategies that provides better prc
under speci ¢ market scenarios? And what are the risk characteristics of the proposed glide paths?
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Various types of regular and irregular patterns are found in semiarid vegetation, and they depend on tl
scape, e.g., stationary irregular mosaic-type patterns on at ground, alternate vegetation stripes with pat
hillside areas, etc [1]. It is known that there is a regular interaction between the vegetation and the living :
in that habitat because some animals adapt to live in a semiarid ecosystem and depend on plants as t
source. Most of the previous studies have been concerned with either the vegetation patterns incorpor:
interaction between vegetation and groundwater or two or more species' interactions, e.g., predator-prey.
struct a coupled mathematical model to bridge a link between the vegetation and living species that depen
vegetation. There are many environmental factors that affect the resulting patterns. For instance, low ra
a semiarid ecosystem affects the depending species, and the living species population can go to extinctic
insuf cient food resources. This is due to multiple stable states present in the system. Like low rainfall, dii
environmental uctuations may cause catastrophic shifts in an ecosystem [2]. We further explain how thes
nal uctuations can shift from one stable state to another stable state or to a new state which was not prese
absence of noise [3].
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In recent years, the mathematical community has given considerable attention and energy to matter
tricting, especially in the United States. Much of this work has addressed the effects of gerrymandering ol
sentation in legislatures, most of which are composed from single-member electoral districts.

This work presents results showing how multimember electoral districts, in conjunction with supporting
tion methods — cumulative voting and others — can blunt the most extreme misrepresentation that can «
gerrymandered single-member districts. The analysis is primarily combinatorial. The results showing de
misrepresentation for two-parties are generalized over district size and population size. Some classic exar
used to illustrate the results, and the speci c instance of current congressional districting in the state of
examined.

We conclude by considering how these results analyzing fair representation to parties can be exte
examine fair representation for individual citizens.
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In spatial/spatiotemporal models for COVID-19, spatial proximity is used as a proxy for mobility. Tr
because regions that are near each other are likely to have many people moving between them, leading 1
Covid-19 risk. But what if weknewthe amount of mobility between regions? Would this improve spatiotemp
models for COVID-19?

In this work, we develop a spatiotemporal modelling framework that leverages cellphone-derived m
networks to model COVID-19 case counts in 245 subregions of Castilla-Leon, an autonomous commt
Spain. We rst show that mobility better captures the spatial dependence in COVID-19 case counts than
proximity. We do so by extending the classic Besag, York, and Mollié modelling framework to include a mc
structured random effect. We show that this random effect captures the majority of variation in COVID-1!
counts, but advise users to still include a measure of proximity as this is still an important model feature.

We then develop a mechanistic spatiotemporal infectious disease model, where contact rates betweel
tible and infectious people is a function of mobility. We show that, with some simpli cations, this model rec
to an “endemic-epidemic’ model with an additional network autoregressive term that is based on mobilit
found that the mobility term was the strongest predictor of cases overall (see 1), but the strength varied s
We use this model to estimate important epidemiological quantities such as reproductive numbers and tra
accounting for uncertainty in our esimates. We argue that mobility data is likely a key component in infi
disease surveillance.
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Figure 1:Model results aggregated over Castilla-Leon in the rst year of the pandemic. Case counts associated with mobility (i
estimated to be higher than those from other sources.
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Active matter extracts energy from its surroundings through microscopic components, like biological
and converts it into mechanical work [1,2]. The biological cell (BC) is comprised of various organelles, st
mitochondria, microtubules, and the nucleus. BCs exhibit complex behavior when they are exposed to ¢
mechanical loads [3,4]. In the present study, a coupled electromechanical model of a biological cell has bee
oped to further investigate the complex behavior of biological cells subjected to the piezoelectric and exoe
effects of its constituent organelles under external forces. A more precise modeling approach based on t
element method has been presented to capture the non-local exoelectric effect alongside the linear pit
tric effect. Investigations on the impact of changes in applied forces on the intrinsic piezoelectric and exoe
contributions to the electroelastic response have been conducted systematically while also considering cou
ef cient alterations. Furthermore, it has been found that the mechanical degradation of the organelles enha
piezoelectric and exoelectric responses related to electromechanical coupling. Comparisons have been r
tween the contributions of the exoelectric and piezoelectric effects. The insights obtained from the preser
provide a better understanding of the mechanics of biological cells that are dif cult to explain through experi
which is crucial in developing novel advanced medical treatments based on tissue engineering, regenera
personalized medicine.
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If a model predicts that there will be more res than average in a given region, we might expect those
also be larger than average; we expect some sort of dependence between ignition and size. In this wor
models that account for this dependence and further inform this intuition. In particular, we estimate the i
rate as a log-Gaussian Cox process, which has a spatial random effect that is split into a spatial process efi
shared effect (both effects being spatial Gaussian processes) The shared portion of the random effect als
in the model for re sizes, which is a Survival model that accounts for the rounded nature of the data.

Our models are t to recorded re sizes in British Columbia from 1953 to 2003, which are rounded t
nearest 0.1 hectares with a preference for rounding to the nearest acre (before 1975) or hectare (after 1!
nd that the quantities tend to be independent in the southern, populated regions of British Columbia but dey
in the northern regions which are less populated and thus res are not fought as aggressively. For lightning
res, we nd that the distance to roadways is a signi cant covariate in lightning ignitions, but this cova
decreased over time (possibly indicating that detection has improved and we are now more likely to noti
further from the road).

Predictions from spatial models must be evaluated carefully, and standard cross-validation schemes
appropriate. We discuss extensions to this work that assess the predictive capabilities of the model using |
prediction diagnostics as well as cross-validation schemes for joint spatial models. These extensions inc
the shared random effects structure of the work and suggest residual diagnostic tests.
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Abstract. Decentralized Payment Systems (DPS), commonly referred to as cryptocurrencies, are wildly si
ful and extensively adopted Blockchain applications. However, the strong anonymity and security provi
these systems can pose a threat to the country's safety because they can be exploited for illegal activities
the ability to trace or prevent such transactions.

In this article, we introduce Privacy-Preserving Cryptocurrency Transactions in a Regulated Decentralize
ronment (PPCT-RDE), which seeks to ensure compliance with government regulations and oversight whil
taining transaction secrecy and participant identity security.

Utilization of the RSA accumulator in conjunction with the Schnorr protocol is the key element of the proj
solution. This mixture permits meeting government regulations and facilitates revocation in the event of ¢
tion. In addition, to ensure transaction privacy and anonymity, the used strategy combines ring signatures
addresses, and Pedersen commitments. The suggested protocol (PPCT-RDE) satis es the fundamenta
requirements outlined in the literature and achieves complete anonymity. Furthermore, despite achieving ¢
anonymity, the performance analysis proves the feasibility and effectiveness of our proposed protocol.

Keywords: Privacy-preserving, Cryptocurrency transactions, Regulated.
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For decades, mathematical modelling has been used to better understand the world around us. The p
mathematical modelling often necessitates the use of parameter estimation techniques to inform aspects ¢
that are dif cult or impossible to measure. The goal of many inverse problems is to minimize the approxin
error; the distance, with respect to an appropriate metric, between a given solution and the solution ¢
using recovered parameters. While historical methods such as Tikhonov regularization (see [7]) and i
schemes have been shown to accurately solve a wide variety of parameter estimation problems, they ¢
computationally expensive to implement. In the realm of parameter estimation for ordinary differential eqt
(ODEs), the more recently proposed collage-coding framework for parameter estimation has recognized sig
gains in computational expense as well as accuracy [6]. This alternative approach to solving an inverse |
bounds the approximation error above by a new distance (called the collage distance) that is, in practice,
minimize. The collage method has been extended to a wide variety of problems, including delay, fraction
random DEs, variational problems, and partial differential equations [2, 3, 4, 5].

The collage method for solving inverse problems has been well established theoretically. With roots in
image compression, the Collage Theorem that establishes the collage distance is a simple consequen
well-known Banach's Fixed Point Theorem [7]. However, in practice, a number of computational considet
arise during implementation that depend on the complexity of the problem at hand. In this paper, we rev
theoretical underpinnings of the collage-coding method for solving inverse problems for ODEs. We then |
a comprehensive investigation of computational challenges and choices that may be faced during implem
Examples showcasing the results of this investigation are presented and discussed.
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The mining industry plays a vital role in the global economy, but its apesabften impact surrounding
ecosystems, particularly water bodies. To minimize environmeskal and ensure sustainable mining prac-
tices, the use of mathematical models has gained significantrmoce. Of particular interest to the mining
industry is the creation of surface water models, not only to thecdkbvement of water across a site, but also
to assess changes in water quality and help identify the needdtmére prior to discharging water off site.

Due to the continual need for these surface water models, Ecotretréstablished a unique development
team focused on creating mining specific comprehensive models tlehgessing various environmental
agects of mine sites, including surface water and groundwater modyidighdynamics modelling, plume
delineationwaste rock pile and tailing area analy3isese models are able to predict crucial factors such a
runoff and seepage volumes aaatuately forecasts the movements of flushed constituents frone wars
piles and tailing areas to the surrounding environment. Specific mdthueseen designed to calculate acid
generation within mine sites and determine lime consumption fdneea purposes. By providing essential
information for both management and regulatory purposes, this model eritdsiégeedecision-making and
ensures compliance with environmental standards.

To enhance the mod$lcapabilities, further developments are on-going including the addit@more
detailed D seepage module,2D hydrodynamic module for pit lakes aa@D geochentdal module to accu-
rately calculate the transient flow and transport of chempmdiss within the waste rock piléBhese ad-
vancements will enhance the mo§ehccuracy and comprehensiveness, enabling more precise analysis
mitigation strategies for environmental impacts associated with maaiigties.

This presentation focuses on the use of these various mathemata=snwith an application to mining.

£s

Figure 1: Example of Site Models and Outputs
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Telling Oil Temperature for Frying from Audio and Video Signals based on
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Accurate oil temperature control plays a vital role in achieving optimal cooking outcomes. One may w
how a chef tells the oil temperature prior to the invention of modern cooking thermometers. The "chopstic
had been widely used: by dipping the tip of chopsticks or small pieces of food into hot oil, bubbles, and ass
noise were created. An experienced chief can tell the oil temperature by watching the bubble morphology
hearing the acoustic signals from the tests. However, it is not clear how a human cook utilizes visual and ¢
perception or its fusion to detect the temperate and which perception channel is more effective. We collecte
and audio data in a controlled kitchen environment using smartphone sensors, with wet chopsticks act
controlled stimulus for bubble generation, and a thermometer for labeling and ground truth. We built and-
end-to-end neural networks mapping the video and audio signals separately to the temperature, and mt
learning models that fuse the perception of the unstructured audio and video data. The data processin
neural network is much faster than with a thermometer because it takes a few seconds for the device to
the temperature. We discovered a notable performance advantage of the audio modality over the video r
However, the optimal prediction was achieved through multimodal learning. This study not only demonstre
potential of multimodal machine learning techniques for fusing unstructured data but implies that high-frec
low-dimension signals (e.g., audio) can be more effective than higher-dimensional data (e.g., video) for ¢
applications such as learning the "chopstick test”, which could be used in real-time applications.
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Modeling the compaction of bacterial chromosomes by biomolecular crowding
and the cross-linking protein H-NS

B.-Y. Hal and Y. Jung
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2 Korea Institute of Science and Technology Information, Daejeon, Korea

The way chromosomes are spatially organized in uences their biological functions. Cells orchestrate the
of various molecules toward organizing their chromosomes: chromosome-associated proteins and the sur
“free” molecules often referred to as crowders. Chain molecules like chromosomes can be entropically cor
in a crowded medium. A number of recent experiments showed that the presence of the protein H-NS enhe
entropic compaction of bacterial chromosomes by crowders [1, 2]. Using a coarse-grained computational
we discuss the physical effects on bacterial chromosomes H-NS and crowders bring about. In this discuss
NS dimer is modeled as a mobile binder with two binding sites, which can bind to a chromosome-like polymt
a characteristic binding energy. Using the model, we will clarify the relative role of biomolecular crowding a
NS in condensing a bacterial chromosome, offering quantitative insights into recent chromosome experim
2]. In particular, they shed light on the nature and degree of crowder and H-NS synergetics: while the pres
crowders enhances H-NS binding to a bacterial chromosome, the presence of H-NS makes crowding effe
ef cient, suggesting two-way synergetics in condensing the chromosome.
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We use the "discard model" of Luce [1] and Marley [2] to study the effect of adding (or removing) one pr
on the probability of choosing the remaining products. Since the discard model does not require the F
ity axiom, it accommodates a rich variety of substitution patterns (including complementarity, attraction, «
overload, and compromise) that are directly ruled out by other models of discrete choice.

We rst provide an axiomatic characterization to identify the model's testable implications. We then pr
a "qualitative" characterization model & la Samuelson [3], identifying the kinds of directional changes in
probabilities that can invariably be explained by the model and, conversely, the directional changes ca
be explained by the model. Next, we show that behaviour consistent with the model exhibits many of th
features as the Slutsky matrix from classical demand theory. Finally, we establish microfoundations, show
the "perturbed utility model" (Refs. [4, 5, 6]) delivers discrete choice behavior that is consistent with the mc
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Asymptotic expansion of the scattering amplitude using local approximations of
the Dirichlet to Neumann operator
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A high-frequency expansion to simulate the scattering amplitude in the exterior of a convex obstacle hi
developed by A. Majda. It is based on (1) approximating the normal derivative of the total eld by its Kirct
approximation, and (2) utilization of the stationary phase method for the analytical evaluation of the ir
representation of the scattering amplitude. In this talk, we describe a new methodology in designing thes
of expansions. It uses Bayliss-Turkel type local approximations to the Dirichlet-to-Neumann operator. V'
describe this local approximation as well as the derivation of the new expansion. Some preliminary results
presented to validate the new high-frequency approximation to the scattering amplitude.

Joint with: Fatih Ecevit and Souaad Lazergui
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The basis of a covered call portfolio consists of selling call options while simultaneously holding the L
lying asset. This paper presents a dynamic risk-return optimization framework to select quantities of call
with various strikes and maturities to sell in a covered call strategy on a single asset and then scaled to a pol
stocks or ETFs. We discuss some of the pitfalls of current strategies being used in the industry by asset i
from Canada and the United States, which opens up the need for improvements and strategy validation. T
formulations of expected return and variance for covered call portfolios are formulated using the Geometric
nian Motion (GBM) [1] framework. We derive the Call Risk Premiums rst introduced by Figelman (2008)
of the options to nd the optimal overwriting ratios for a portfolio that maximizes expected return and devel
alternative portfolio for suf ciently risk-averse investors. We nd that there are alternative ways of minimi
downside risk while being able to capture greater upside by maximizing the Call Risk Premium rather than
strictly at-the-money (ATM) call options. We also explore static and dynamic partial overwriting strategies ¢
dynamic fully-overwritten portfolios and back-test our results between 2015 and 2021. We nd that our pro
strategies outperform the Choe S&P 500 BuyWrite Index (BXM) [2] and the SPDR S&P 500 ETF Trust (SP
a risk-adjusted basis during the time frame, simultaneously selling call options at different strike prices for
measures often optimal, and lower partial overwriting ratios for strategies which sell closer to the money ar
advantages.
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PETSC-PIC: A Structure Preserving Full Geometry Toolkit for Kinetic
Particle-in-Cell Plasma Simulation
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The notion of structure preservation has existed for years in regards to the symplectic structure and pres
thereof within the context of numerical plasma simulation. More recently is the notion of metriplectic stru
presented by Morrison [1], and for the Landau collision integral by [2]. This casts the Vlasov system in tel
two primary brackets. The Poisson bracket may be evolved symplectically with any choice of structure p
ing method by discretizing the electrostatic potential via Finite Elements, and a choice of symplectic intet
method. The second Metric bracket represents collisional action between the individual particles amor
species and between species.

Recent work on conservative discretizations of the Landau collision integral were performed by Adarr
[3], and were implemented in PETSc for exascale use in the Finite Element basis representation. More r
however, the appropriate Maxwellian steady state and moment preservation of a particle basis representa
proven by Carillo et al [4] with energy conservation in the time discretization granted by Hirvijoki[5]. Tc
in rapid prototyping and development of kinetic plasma codes, we have developed a suite of tools in the
library to evolve such conservative systems with the full Vlasov-Poisson-Landau system being possible i
geometry particle basis. Poisson solves are discretized via H1 or H(div) nite elements with the RT elem
tensor cells and the option of BDM on simplices. Time evolution is handled via symplectic methods incl
Symplectic Euler, Stormer-Verlet, 3rd and 4th order split symplectic methods, as well as Implicit Midpoir
Discrete Gradients. Collisional dynamics are handled via the particle discretization of the Landau collision i
put forth by Carillo et al [4], Hirvijoki [5] and veri ed by [6]. Uni cation of these two brackets are perform
via a Strang splitting between the operators to evolve each bracket separately. Veri cation tests of each
are presented, with a study of Landau damping by Finn et al. [7] and two stream instability verifying the P
solver, and multi species isotropization results in comparison to the rates presented in the NRL plasma fo
as the primary veri cation of the particle basis Landau collision integral.
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Alzheimer's disease (AD) is a degenerative disease characterized by an abnormal extracellular accur
of amyloidb (Ab) plagues and formation of tau-containing neuro brillary tangles inside neurons that le:
progressive memory loss and cognitive decline [1]. An increasing number of clinical studies have shov
postmenopausal females are at a higher risk of getting AD than males, and AD in females evolves fastel
aged-matched males with AD. AD has no cure presently. Mathematical models can provide valuable insig
the AD onset and progression, and help with the development of therapies. Most models of AD existing
literature do not account for sex differences. This talk will present a novel mathematical model of AD the
variable-order fractional temporal derivatives to describe the temporal evolutions of relevant cells' popu
andAb brils [2]. The variable fractional order models fading memory due to neuroprotection loss caust
AD progression with age. Different expressions of the variable fractional order are used for the two sexe
sharper decreasing memory corresponds to the female's neuroprotection decay caused by the fast estrogel
experienced by postmenopausal females. A correction to the expressions of the variable fractional orders
[2] will be presented that reinforces the ndings in the paper. Numerical simulations will be presented that
the population of surviving neurons decreased more in postmenopausal female patients than in males at
stage of the disease. The results also suggest that if a treatment (that may include estrogen replacemen
is applied to female patients, then the loss of neurons slows down at later times, since preserving mode
memory (represented by fractional order values closer to 0) corresponds to conserving neuroprotection. /
sooner a treatment starts the better the outcome is.
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Simulation of Hubbard Model in Realistic Voltage-Controlled Quantum Dot
Devices
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Quantum dot spin qubits have emerged as a promising platform for quantum information processing,
sitating scalable quantum control schemes to achieve high- delity unitary gate operations. However, th¢
footprint of quantum dots (tens of nanometers) that enhances qubit density also poses challenges, suck
talk between gate electrodes. The evolution of the quantum state is governed by electrical signals that co
effective parameters of the system Hamiltonian. In this study, we address these challenges and facilitate
ploration of control schemes and semiconductor architectures based on laterally de ned quantum dots [1].
end, we present Hubbard model simulations performed using Quantum Dots in Python (QuDiPy), our open
software package. These simulations calculate relevant effective parameters, construct a system Hamiltol
subsequently diagonalize it to determine the many-body energy spectra for any gate geometry. The sim
conducted using QuDiPy, with a speci ¢ focus on arrays of 2-3 quantum dots, play a crucial role in tacklin
rent experimental challenges in spin qubit devices. They enable the identi cation of voltage ranges that i
desired charge con gurations during qubit manipulation and facilitate the mapping of electrical cross talk be
gates. As a result, the QuDiPy simulator shows promise as a valuable tool for developing scalable spi
devices.

(@) (b)

Figure 1: (a) Electric potenital and (b) material cross section for a realistic double quantum dot device. (c) C
simulated charge stability diagram for a double quantum dot that identi es charge transitions and triple poil
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Anomaly Detection of Time-series Data with Gaussian Process with Application
to Wind Turbine Blade
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Anomaly detection is a widely-discussed subject within the eld of machine learning (ML), especially conce
condition monitoring of structural systems. It involves analyzing and processing time-series measurern
identify instances of abnormal conditions. Anomaly detection is commonly performed through statistical m
or ML techniques. In this research, we leverage the insights from a well-known data-informed ML algc
known asGaussian proces&sP),

f(x) v GP(M(x); k(x;x9); 1)

in which the priord are modeled with GP having the meax) and the covariance kernk(x;x9 (see Refs. [1])
and the posteriors obtained by conditioning with the observation. Our objective is to detect abnormal cor
in a time-series dataset. In this regard, a baseline model is constructed exclusively based on normal co
Through the training process of the baseline model, we learn the model hyperparametéhég baseline model
is then utilized to compute the evidence function, which is also known as the anomaly score indicator, to i
the anomalous dataset. Consequently, for an unseen time-series xatasht , the anomaly score indicator (se
Refs. [2]), 7

logp(y jx ;)= log p(y jf;x )p(fix ;q)df; (2

informs to which level the new dataset aligns with the baseline model. This study shows the effectivenes
anomaly score indicator in identifying anomalous conditions in scenarios where visual detection is deeme:
ble and impossible. Moreover, the implementation of ML-Il in estimating the baseline model's hyperparai
is compared with MAP-1I and hierarchical Bayes (utilizing MCMC) for anomaly detection purposes. To higt
the bene ts of this model, we apply the algorithm to a set of synthetic data of a wind turbine blade, incl
healthy and damaged datasets. This result demonstrates that ML-1l successfully detects abnormal conditic
visual detection is possible, while MAP-II and hierarchical Bayes excel in scenarios where visual detectior
feasible.
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Sparse Bayesian Neural Networks: Tackling Over tting, Uncertainty
Quanti cation and Computational Challenges
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The widespread adoption of neural networks (NNs) across many sectors has triggered a revolutionary t
mation within the realm of machine learning. NNs are predominantly developed within the frequentist sta
framework. However, there has been a notable surge of interest in their Bayesian statistical formulations i
years. The frequentist NNs lack the capability to provide uncertainties in the predictions, and hence their
ness can not be adequately assessed particularly when data are noisy and sparse. Conversely, the Baye:
networks (BNNs) naturally offer predictive uncertainty by applying Bayes' theorem. However, their computa
requirements pose signi cant challenges. Moreover, both frequentist NN and BNN suffer from over tting is
which render their predictions unwieldy away from the available data space. To address both these problern
taneously, we leverage insights from a hierarchical Bayesian setting in which prior, conditional on hyperpar:
is used to construct a BNN by applying a semi-analytical framework known as nonlinear sparse Bayesian |
(NSBL) (see Refs. [1]). This methodology leads to the following expression of the parameter posterior

p(Djf)p(fja)
p(D ja)

wheref , D anda are the parameter, data and hyperparameter vectors respectively. The parametd(f prit
and hyperparameter probability density function (pdfap are assumed to be Gaussian and Gamma distr
tions respectively. We call our netwoslparse Bayesian neural netwaf8BNN) which encourages the automat
pruning of redundant parameters based on the concept of automatic relevance determination (ARD). This
possesses the ability to utilize a hybrid prior (see Refs. [2]), which enables the incorporation of ARD prio
informative priors in a combined manner. This setup provides a favorable choice for incorparpting knowl-

edge of underlying system physics into the models. Additionally, a Gaussian mixture model approxima
the posterior distribution as a function of the hyperparameateissproposed. This allows for the semi-analytic
calculation of Bayesian entities, thereby alleviating computational burden in the evidence optimization [
required for identifying the optimal sparse NN that reduces over tting. The superiority of the proposed ¢
algorithm is illustrated through a regression problem. The results are compared for BNNs obtained using <
Bayesian inference, hierarchical Bayesian inference, and the sparse BNN equipped with the proposed alg

p(f jD;a)= 1)
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This research aims to study the nonlinear structural dynamics of a system inspired by wind turbine ¢
licopter rotor blades. This setup consists of a exible blade subjected to bending, rigid body pitch rotatio
spinning about the rotor axis. The structural equations of motion are derived from rst principles, yielding ¢
pled system of partial differential equation (PDE) and ordinary differential equation (ODE). A PDE describ
bending of the cantilever blade, and the ODE describes the rigid body motion in pitch, and the spinning rof
tion is a prescribed function of time. The coupled bending and pitch motion leads to several nonlinear term
system dynamics. Furthermore, the imposed spinning motion introduces additional nonlinear terms that
on the rotor velocity and acceleration.

The differential equation for the pitch motion contains an inertial nonlinearity, which is atypical in struc
dynamics problems. The numerical solution of this coupled ODE and PDE system is based on implicit mi
We proceed by discretizing the PDE describing bending motion using the Galerkin's method leading to a
of nonlinear coupled ODEs. Subsequently, we discretize the ODESs in time using Houbolt's method, ob
a system of nonlinear algebraic equations which are solved iteratively as a root- nding problem using Ne
method. A nite difference discretization is adopted to verify the solution obtained by the spatial discreti:
using the Galerkin method. Simulation results are presented to understand the in uence of various nonline:
on the observed nonlinear dynamics.
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The spatio-temporal spread of COVID-19 infections is modelled using a partial differential equation-
compartmental model having susceptible-exposed-infected-recovered and deceased (SEIRD) compartmel
coupled nonlinear PDEs contain many parameters (such as infection rate, diffusion coef cients etc.) which
certain. A Bayesian inference methodology called Nonlinear Sparse Bayesian Learning (NSBL) is lever:
estimate the parameters effectively alleviating over tting and reducing the uncertainty [1]. The overwhe
computational burden for repeated forward solutions of a high-resolution PDE model required for the Baye
ference is handled using parallel scalable domain decomposition-based solvers. An overlapping restricted
Schwarz solver for the ne grid and algebraic multigrid for the coarse solution allow multiple levels of errc
duction providing excellent scalabilities [2]. Numerical illustrations of the methodology involve the second
of infection of COVID-19 in Southern Ontario, using data collected by public health units between Sept
1, 2020, and February 28, 2021. The proposed combination of NSBL and domain decomposition-basec
permits the construction of reliable predictive models [3] considering uncertainty.
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Computational models for natural and engineering systems inherently possess uncertainties in the
model parameters, assumptions in the mathematical models and the noise in calibration data. Samplir
approaches to handle these uncertainties become overwhelmingly expensive for large scale models with
olution discretizations in space/time. Uncertainties in model parameters for time dependent and nonlinea
differential equation (PDE) models are handled using a sampling-free approach with domain decompositiol
based solvers. The sampling-free stochastic Galerkin method transforms the PDE with random model pau
into a large system of coupled linear or nonlinear PDEs. The increase in number of random parameter
model increases the computational requirements necessitating a scalable solver.

An acoustic wave propagation model with a random eld representation of wave speed is handled t
non-overlapping DD method. The symmetric and positive-de nite coef cient matrix of the system is solved
a conjugate-gradient based iterative method and associated Neumann-Neumann vertex-based precondi
acoustic wave propagation problem in two dimensions. However, the complex spatial coupling and the c
among the stochastic expansion coef cients can affect the scalabilities of the solver in three dimensions. +
wirebasket-based preconditioner is utilized to enrich the coarse grid allowing better global error propagat
improved scalability for an elastic wave propagation model in three dimensions. For nonlinear stochastic
the coef cient matrix of the associated linearized algebraic system is hon-symmetric which requires the
generalized minimum residual (GMRES) method based iterative solvers. A multilevel Schwarz precond
combining DD and algebraic multigrid method is proposed for ef cient error reduction for large scale mode
Finally, the solvers are also tested on a nonlinear time dependent model of geo-spatial spread of COVID-
random diffusion coef cients.
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We present investigations and ndings of several loss function normalization methods for a physics inf
neural network (PINN) tailored for infectious disease modeling. The loss in PINNSs typically consist of a ste
network loss based on the mis t between model outputs and observations, in addition to a contribution fr
residuals of governing differential equations underpinning the system mechanics. In the context of compar
models, Shaier et al. have proposed a variant of the PINN model they hamed Disease Informed Neural |
(DINN) [1]. Consider the SIRD model, a system of four coupled ordinary differential equations:

©= (b=ns &)
$:(b=N)SI g m: @)
=g 3)
L=y (4)

whereS |, R, andD are models states which categorize the population as aitiseeptibleinfectious recovered
or dead The parameteb re ects the transmission rate. The paramegas the recovery rate. The paramet
mis the death rate of infected individuals. The neural network outputs the model states at discrete inste
time. The DINN framework also permits the estimation of unknown model parameters. The disease dynar
enforced through the DINN by ensuring that the model outputs minimize the residual of Egs. (1-4).

For numerical experiments, we consider synthetic data generated using static values of palangetand
m The use of synthetic data wherein the true parameter values are known, allows us to test the robus
the network and different loss function approaches. We assess how the performance of the DINN compa
standard parameter estimation methods when data are sparse, noisy, and incomplete. The investigatior
normalizing the loss functions passively via normalizing the data and residuals prior to training [1], norme
via weighted loss [2], and Pareto scaling optimization. An important reason for investigating different loss
tions for the DINN is the proposed dual goal of a DINN for disease spread prediction, and compartmental
parameter estimation. Understanding the role that network and residual loss has on the capacity to accorr
two goals may be conducted through tests on the two core components of the loss function and its normal
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In silico models of peritoneal dialysis (PD) are useful tools to study and improve treatment outcome
make the treatment more patient-speci c. They can help in deciphering the underlying mechanisms acco
the transport status of a patient. Several mathematical models of have been developed in the past decades
is lacking is a direct comparison of the models to estimate their accuracy with respect to predicting (pre-):
data. Benchmarking is also important to identify which PD models can be easily made patient speci c.

Two mechanistic models (Graff [1], Oberg [2]) an
. _ two analytical models used in clinical practice and t
o search (Garred [3], Waniewski [4]) were chosen. T
el . four models, in combination, encompass various me
ot anisms that are essential to PD (diffusion, convecti
il L e S , lymphatics). The dataset consisted of data from mu
ple static dwells (n = 16) in uremic pigs. Each mod
KLY 7 was trained by tting the dialysate solute concentr
o I tions (in a subset of the dwells) to predict the me
i & transfer area coef cient (MTAC) of each solute. Wit
tted MTAC, we predicted the dialysate solute conce
trations in the remaining dwells. The model by Obe
appears to be the optimal model in terms of low ¢
ror in solute concentration predictions, applicability
the model to multiple datasets (with different initie
dialysate concentration), physiological MTAC value
and reasonable ultra Itration values in pigs. Applying the model to the data obtained in the uremic pig
iments showed a good predictive accuracy of the Oberg model (Fig. 1). Notably, the Oberg model acc
predicted the effects of sodium sieving, whereas other models did not. This model is also modular and h
applied to automated PD and continuous ow PD.
In summary, the modi ed Oberg model provided an accurate prediction of solute concentrations throughout
dwell in uremic pigs. In the future, we aim to extend this model to human data.

Figure 1:The predicted dialysate concentration of different solute
by Oberg model.
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It is very common for work ows connected to mass spectrometry to be entirely contained to closed-:
software provided by instrumentation manufacturers, e.g., LECO instruments are designed to work @fittoth
maTOF[1] mass spectrometry data system, andSteComparesuite of statistical tools. These tools have ma
advantages: they are professionally designed, with modern graphical interfaces; they are tested and k
process the data types produced by the instrument; and they are standard. They also have disadvantag
gorithms are not publicly exposed; the process is limited to the implementation; and occasionally new instr
are released which are not supported by the current version of the software suites.

In this talk we will discuss the development of two open source toolsstidMaldi package [4] for single
dimension mass spectrometry data; gogcWork[2, 3] for the reproduction of a somewhat standard GCx(
work ow and pipeline, similar to key components provided ®iromaTOF Both are created for the R progran
ming environment, and available on GitHub. We will discuss the issues with implementation, especiall
respect to data size and format, and lay out the challenges ahead for producing higher quality, user-frien
ware for common chemical analyses. In both cases, the packages were developed to aid in the analysis o
science data setsubMaldi for dried bloodstain chemical analysis; agegcWorkfor VOC analysis from humar
body decomposition.
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Rampant terrorism poses a serious threat to the national security of many countries worldwide, particule
to separatism and extreme nationalism. This paper focuses on the development and application of a temp
exciting point process model to the terror data of three countries: the US, Turkey, and the Philippines. To ¢
for occurrences with the same time-stamp, the paper introduces the order mark and reward term in pe
selection. The reward term considers the triggering effect between events in the same time-stamp but
order. Additionally, the paper provides comparisons between the self-exciting models generated by da
and month-based arrival times. Another highlight of the paper is the development of a model to pred
number of terror events using a combination of simulation and machine learning, speci cally the random
method, to achieve better predictiofiis research offers an insightful approach to discover terror event patte
and forecast future occurrence of terror events, which may have practical application towards national se
strategies.
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Financial news headlines are informative in predicting the stock market movement and providing ve
insights to investors. The information, such as the sentiment of news headlines and speci ¢ keywords, ce
be extracted for data analysis and model tting.Our study aims to analyze the impact of nancial news
lines related to Apple (AAPL) from January 1st, 2012, to May 31st, 2019, on Apple's stock return and dev
pro table trading strategy. Our analysis consists of data preparation, machine learning model training ar
uation. Our data preparation method involves preprocessing techniques to clean, tokenize, and extract
from the headlines. In detail, we perform sentiment analysis on the headlines using FInBERT([1], a state:
art nancial-oriented BERT model, which provides three categories of sentiment scores, positive, negati
neutral. The three scores are used as sentiment features.

To explore the relationship between headlines and stock prices, we build a range of multi-class classi
models, including Logistic Regression, Decision Tree, Random Forest, and Neural Networks. We alsc
cross-validation to evaluate the models. These models allow for a comprehensive analysis of how fea
headlines in uence stock price movements. Moreover, We utilize dedicated performance metrics[2], which g
an overall assessment of the models in a trading environment. Furthermore, the study constructs trading s
which utilize vanilla call and put options, based on the predictions made by the models. We believe that oL
has the potential in understanding the relationship between nancial news headlines and the stock mar
gaining insights into this relationship, investors can effectively optimize their trading strategies and make ini
decisions.
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We study a multi-asset jump-diffusion pricing model, combining a systemic-risk asset with several conditic
independent ordinary assets. Our approach allows for analyzing and modelling a portfolio that integrates
activity security, such as an Exchange Trading Fund (ETF) tracking a major market index (e.g., S&P500
several low-activity securities not frequently traded on nancial markets. The number of securities can &
creased without losing the tractability of the model. We propose a Laplace-transform-based approach to con
Value-at-Risk (VaR) and Expected Shortfall (ES) of portfolio returns. Additionally, European-style basket op
written on the extreme and average stock prices or returns can be evaluated semi-analytically. One of th
features of the proposed model is the possibility of estimating parameters for each asset price process indiv
We present the conditional maximum likelihood method for tting asset price processes to empirical data. /
natively, the least-square method calibrates the model to option values. The number of parameters grows
in the number of assets compared to the quadratic growth through the correlation matrix, which is typical for
other multi-asset models. We discuss the properties of the proposed model, the estimation of its parame
ing conditional and standard MLE methods, a least-squares technique, the valuation of VaR and ES metri
pricing European-style basket options. We develop semi-analytic pricing formulae for VaR, ES, and call ar
options on a geometric or arithmetic average value and a maximum or minimum price. Computational resu
compared with Monte Carlo estimates.
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The most widely utilized methods to positively identify the mass spectra of an analyte often struggle whet
with isomers or similarly structured compounds. Additionally, for identi cation of compounds with many ison
both the mass spectrum and retention index are often needed. Ultimately, nal compound identi cation is
discretion of the researcher. Given the potential for incorrect characterization, development of improved n
for identi cation of unknown analytes with similar spectra is an active research area. Recently, a new n
called high-dimensional consensus (HDC) mass spectral (HDCMS) for similarity scoring was developed ¢
plied to fentanyl analogs. In lieu of more traditional similarity measures it builds a measure of dissimilarity
on a constructed probability distribution associated with collections of replicate spectra. The method is a prc
approach for differentiating spectra of isomers. In this poster we present results for applying HDC to disti
several monoterpenes that are not differentiable by current methods, even with the use of retention inc
measure the ef cacy of the HDC algorithm, we apply the technique to 15 replicates of 9 monoterpenes (C:
with retention indices that differ by less than 30 and spectral similarity match factors that are greater the
Match factors were determined by calculating the cosine similarity between 20 monoterpene library spect
the NIST20 library. The replicate spectra used in the HDC algorithm were taken by Gas Chromatograph
Spectrometry (GC-MS) using the same instrument parameters. With replicate terpene measurements we
the mean, variance, and standard deviation of the mass-to-charge ratio (m/z) and intensity of each colle
replicates in order to build a probability density approximation. The ndings from this compound identi ce
numerical experiment are compared to results produced by existing and widely used match methods such
similarity or modi ed cosine similarity.
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When modeling data, we would like to know that our models are extracting facts about the data itself, ¢
about something arbitrary, like the order of the factors used in the modeling. Formally speaking, this me
want the model to be invariant with respect to certain transformations.

Here we look at different models and the nature of their invariants. We nd that regression, MLE and Ba
estimation all are invariant with respect to linear transformations, whereas regularized regressions have a
limited set of invariants. As a result, regularized regressions produce results that are less about the data i
more about how it is parameterized.

To correct this, we propose an alternative expression of regularization which we call functional regulari:
Ridge regression and lasso are special cases of functional regularization, as is Bayesian estimation. But fi
regularization preserves model invariance, whereas ridge and lasso do not. It is also more exible, e:
understand, and can even be applied to non-parametric models.
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This paper contributes to the understanding and practical utilization of last passage time in derivativ
kets and Excursion Theory. In the context of derivative markets, the practical relevance of last passage
demonstrated through the design of path-dependent step options that directly rely on its dynamics. Furtr
we extend our analysis to include barrier options with killing. Closed-form spectral expansion pricing formu
these last passage step options and barrier options are derived under various one-dimensional time-hom
diffusion models. These include Geometric Brownian Motion (GBM), the Constant Elasticity of Variance (!
model, and other solvable nonlinear state-dependent volatility models. The accuracy and effectivenes:
theoretical results are validated through numerical computations, providing further support for their practi
plicability.

Furthermore, the paper explores the application of last passage time in excursion theory for solvable dif
It investigates the density @, (T), which represents the probability density of the excursion process strad
time t, as well as the joint density with last passage time. Additionally, the density under the scenario of kil
derived. The ef cient and accurate numerical calculations of our spectral expansion formulas outperform
Carlo simulations.
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Interactions of graphene and other two-dimensional (2D) materials with externally moving charged p:
have been studied in recent years in the context of Electron Energy Loss Spectroscopy in Scanning Tran
Electron Microscope, which has become a very popular experimental technique for exploring the excite
plasmons in graphene over a broad range of frequencies. On the other hand, the technological need for a ¢
tunable source of terahertz (THz) radiation has prompted several recent studies of the electromagnetic |
from graphene, induced by its interaction with fast electron beams.

We have recently developed a fully relativistic theory of energy losses for a fast charged particle tray
single-layer graphene [1, 3, 7] and multi-layer graphene (MLG) [2, 4, 5] . It was shown that the total €
loss of the external particle consists of two components: the energy absorbed by graphene layers in the
electronic excitations (Ohmic losses), which include the excitation of Dirac plasmon polaritons (DPP), a
energy that is emitted in the far eld as transition radiation (TR). We have also studied the effects of varyi
charged particle energy and angle of incidence [1, 3, 7], as well as the effects of hybridization between th
in different graphene layers within MLG structures [3]-[5], in both the Ohmic energy loss distributions and
angular spectra of TR.

In recent work, we have applied our methodology to phosphorene, a single layer of black phosphorus
exhibits strongly anisotropic optical properties. Describing this anisotropy by a 2D conductivity tensor, wi
explored the possibility of directional excitation of the hyperbolic plasmon polaritons in phosphorene, whic
arise in the infrared frequency range, by using incident charged particles under oblique angles of inciden
phosphorene [6].
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In this work, we provide a granular view of factors affecting COVID-19 disease transmission acro:
province of Ontario, Canada in 2020. Using a generalized multi-linear regression process, we detern
perceived risk of infection and personal discomfort of complying with non-pharmaceutical interventions (N}
Ontarians across 34 public health units. With the use of game theory, we model a decision making, time-dej
process by which we estimate how average individuals in each PH region decide to minimize their risk of
tion, as well as their discomfort to adhering to measures. This model gives an estimate on NPI (mask use, |
reductions, etc.) adoption rate across Ontario from March to December 2020. Using an SEIRL compar
model for ON, we highlight how decisions fed into the transmission process, and viceversa. Finally, we expl
model versatility (i.e., application to other parts of the world, not just ON) as well as its applicability to sce
testing (i.e., to differing potential emerging infections).

Non-pharmaceutical interventions; game theory and decision making models; Nash equilibrium; beha
epidemiology; infectious disease.
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For almost a century, several prevention and treatment strategies has been employed at both the pt
and cellular levels, in an effort to control/eliminate malaria. Nonetheless, malaria remains a major global
problem. Emergence of resistance to antimalarial drugs and insecticides; some mosquitoes bite outdoc
antimalarial drugs are not active against sexual stage are some of teh common challeges, [2]. Moreov
available drugs kill malaria as it gets established in the liver or after it has infected red blood cells, but
tackle it once the parasite is released from the cells as gametocytes, which is when it is transmissible
people via mosquito bites.

Recently, promising clinical advances have been made in developing novel antimalarial drugs that blo
asite transmission, cure the disease, and have prophylactic effects, called transmission-blocking drugs (T
4, 5]. Our main aim is to explore the potential effects of such TBDs on malaria transmission in the effort t
trol and eliminate the disease using mathematical models to ascertain how the presence of TBDs can mit
transmission of malaria parasites on both asymptomatic and symptomatic carriers in a de ned hotspot of t
Our special focus was on the effects of the treatment coverage and the ef cacy of TBDs along with the prc
effect and waning effect of TBDs. For this, we propose and analyze a mathematical model for malaria trans
dynamics that extends the SEIRS-SEI type model to include a class of humans undergoing treatment wit
and a class of those protected because of successful treatment. The mathematical and epidemiological im|
of TBDs are assessed using different approaches.

Furthermore, we tthe model to malaria data using the library "Im t? in Python and use the validated mo
explore the model's predictions under various scenarios. Results from our analysis show that the effect of tr
coverage rate on reducing reproduction number depends on other key parameters such as the ef cacy of
The projections of the validated model show the bene ts of using TBDs in malaria control in preventing new
and reducing mortality. In particular, we nd that treating 35% of the population of Sub-Saharan Africa v
95% ef cacious TBD from 2021 will result in approximately 82% reduction on the number of malaria deatl
2035.
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Atherosclerosis is one of the primary causes of cardiovascular disease (CVD). Its early stage is suk
atherosclerosis (SCA) which is determined by the measurement of the carotid intima-imedia thickness (ClI
this study, we used CIMT measurements with a threshold of 0.078 cm to divide the patient data into two ¢
The data contained 6 variables and 221 observations. We used supervised machine learning (ML) tec
to perform a classi cation task with alternative ML algorithms that included Logistic Regression (LR), Su
Vector Machine (SVM), Decision Tree (DT), and Random Forest (RF) . While working on our project, we not
disparity in the sizes of our class. For this reason, we oversampled, that is, balancing the class and gave bo
of the imbalanced data and balanced data. The performance of each ML algorithm applied was also evalua
different performance metrics. Finally, we discovered that the SVM algorithm is the optimal classi er for !
This prediction algorithm can help Clinicians quickly identify patients in the early stage of atheroscleros
administer timely treatment and in turn aid in reducing the increase in cardiovascular disorders.
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The "shock and kill" strategy is being widely explored to purge Human Immunode ciency Virus (HIV) le
reservoirs. Romidepsin, a kind of latency-reversing agents (LRAs), has been shown to induce HIV RN,
scription. However, several clinical trials testing this drug have resulted in limited effect in reducing the
latent reservoirs. To understand the mechanisms underlying such limited effect, we develop a multi-scal
that incorporates pharmacokinetics and considers the toxicity of romidepsin to T cells in this paper. By
the model to the viral load data from plasma of six patients received romidepsin, we nd that the model \
cell toxicity of romidepsin can well explain the clinical data. The dynamics of latently infected cells durin
midepsin administration are explored using the best- t parameter values. The results show that latently i
cells decrease very slowly and remain very stable overall in 4 of the 6 participants under the assumption ¢
toxicity of romidepsin. This implies that the ineffectiveness of romidepsin on latent reservoirs can be exg
by its toxicity to T cells. In the remaining 2 participants, however, latently infected cells are quite stable witt
cell toxicity of LRAs. It is found that the estimated activation rate of latently infected cells by romidepsin ar
estimated elimination rate of romidepsin on immune cells for these two patients are very different from th
the other four patients. Thus we speculate that the heterogeneous response to romidepsin across particij
also be a determining factor of the effectiveness of romidepsin. These results may have signi cant implica
the search for the control of the infection.
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A keystone species is one on which other species in the ecosystem largely depend and consequently if
there are drastic effects on the ecosystem. Bears, salmon, and vegetation are unique in an ecosystem b
three are keystone species dependent on one another. We propose a stoichiometric model to study t
mentioned ecosystem where bears consume salmon and vegetation. The results show that the bear
may coexist with salmon and vegetation populations at a steady state or oscillate periodically. Moreover,
vegetation growth rate drives the vegetation population to extinction whereas salmon coexist with bears
populations oscillate periodically. On the other hand, the salmon population goes to extinction but the vec
coexists with bears at a steady state when the vegetation growth rate is large.
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Calcium plays fundamental role in dictating subcellular signaling and cellirfabiological systems. It
does so through the formation of calcium signals that are regulated by channels and pumpedexprites
membrane of the cell and on the membrane of storage compartments within tueltels the endoplasmic
reticulum (ER). Depending on the cell type, these signals exhibit distinct anihteresting stochastic spa-
tiotemporal dynamics ranging in behaviour from being oscillatory with veryplaprofiles [1] to being
purely transient embedding key features [2, 3]. One can use the calcium flux-balance irtodetpthin how
these signals are generated, and apply slow-fast analysis [5] to decipher their underlyirigdynahis talk,

I will outline our recent work using this approach to explain the calcium gsofiéen in two cell types: oli-
godendrocytes and osteoblasts.
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Let G be a nite simple graph with vertex-s¥t(G) and edge-sdE(G). For a positive integek, ak-colouring
of Gis a mappinga:V(G) ' f 1;2;:::;kg such thata(u) 6 a(v) wheneveruv2 E(G). We say thaiG is k-
colourableif it admits ak-colouring and thehromatic numbeof G, denoted: (G), is the smallest integérsuch
thatG is k-colourable.

The recon guration graph of thiecolourings, denoteR ¢(G), is the graph whose vertices are #aeolourings
of G and two colourings are adjacent Ry(G) if they differ in colour on exactly one vertex. We say tl@is
k-mixingif R¢(G) is connected and thie-recolouring diameteof G is the diameter oR(G). Given twok-
colouringsa andb of G, deciding whether there exists a path between the two colourirfgg(i8) was proved to
be PSPACE-complete for &ll> 3 [1]. The problem remains PSPACE-complete for graphs with bounded b
width and hence bounded treewidth [2]. In this paper, we investigate the connectivity and diankgter(@3) for
a k-colourable grapl@ restricted by forbidden induced subgraphs. We explore the structural properties of
classes de ned by forbidden induced subgraph to study the diameter and connectivity of the recon guration
A graphGis H-free if no induced subgraph & is isomorphic tcH. LetP,, C,, andK,, denote the path, cycle, an
complete graph on vertices, respectively. For two vertex-disjoint graghandH, thedisjoint unionof G andH,
denoted byG+ H, is the graph with vertex-s&t(G) [ V(H) and edge-seéE(G) [ E(H).

We show thaiR . 1(G) is connected for everi-colourableH-free graphG if and only if H is an induced
subgraph of; or P+ P;. We also start an investigation into this problem for classes of graphs de ned by
forbidden induced subgraphs. We show th& i ak-colourable (K;, C4)-free graph, theR y+ 1(G) is connected
with diameter at mostrl Furthermore, we show th& . 1(G) is connected for everl-colourable B, Cy)-free
graphG.

A preprint is available at https://arxiv.org/abs/2206.09268.
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