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Modelling and dynamics of the transmission for mitigating and control of COVID-19 

WXY 

York University 

Abstract:  Since the outbreak of COVID-19, there have been multiple waves of outbreaks. Among many of the 

factors including emerging VOCs, vaccine and reinfection, behavior and adherence of individuals, asymptomatic 

infection plays a more important role responsible for the repeated outbreaks. In this talk, I will first present 

models to explain how the dynamical Zero-COVID policy works in mitigating and control of the spread of COVID-

19, and present a case study of Fujian province. For the current transmission and outbreaks of Omicron, the 

majority infections are asymptomatic.  I will then discuss modelling with both symptomatic and asymptomatic 

infections. For a more general form of the incidence function for the asymptomatic cases, the complex dynamics 

are found to be associated with Bogdanov-Takens bifurcation with codimension 2. The unstable codimension 2 

bifurcations partially explain the reason and mechanisms of the multiple-waves dynamics of the transmission. 

The models were validated using data from a recent omicron wave in areas where partial test or citywide test-

trace-isolate Zero-COVID policy are implemented. 

 

 

Recent studies on ion channel problems via Poisson-Nernst-Planck models 

Z[\ 

New Mexico Institute of Mining and Technology 

Abstract:  We focus on the dynamics of ionic flows through membrane channels via Poisson-Nernst-Planck models 

under different setups, particularly the internal dynamics, which cannot be detected via current technology. Our 

main interest is the characterization of the nonlinear interplays between different physical parameters, 

particularly, the boundary conditions, the permanent charges, diffusion coefficients and channel geometry. This 

provides detailed information and better understandings for the ionic flows properties of interest.  
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Generic Poincare-Bendixson Theorem with applications to SEIRS epidemic models 

@__` 

abc9de89 

Abstract:  In this talk, we consider a smooth flow which is monotone w.r.t. a k-cone, a closed set that contains a 

linear subspace of dim-k and no linear subspaces of higher dimension. We show that genericorbits are either 

pseudo-ordered or convergent to equilibria. This covers the celebrated Hirsch's Generic Convergence Theorem 

in the case k=1, and yields a generic Poincare-Bendixson Theorem for the case k=2. An application to SEIRS-

models with nonlinear incidence rates will be presented to show the possibility of generic convergence to periodic 

orbits.This talk is based on joint works with Lirui Feng and Jianhong Wu. 

 

 

Understanding the epidemiological patterns in spatial networks 

h__i 

jk89 

Abstract: The reaction-diffusion (RD) equations in continuous space have made plentiful achievements in 

exploration of epidemiological patterns, but their spatiotemporal dynamics are limitedly supported in essence by 

the RD equations defined on a class of regular lattices as their counterparts discretized in space. However, 

patterns in complex spatial networks beyond lattices networks remain largely unexplored. In this talk, we 

creatively develop an epidemic reaction-diffusion model defined on our well-designed basic and modified 

spatially embedded networks to investigate the epidemiological patterns in spatial networks. We apply some 

basic properties of the Kronecker product to determine the eigenvalues and their corresponding eigenvectors of 

a high-dimensional matrix, which leads us to derive the necessary and sufficient conditions for Turing instability. 

With series and groups of comparative simulations, we systematically study the influence of factors including 

network size, nonlocal connectivity, asymmetrical connectivity, degree heterogeneity and random connected 

links on the pattern formations in spatial networks, and obtain some scarcely documented results deepening and 

broadening our understanding about the epidemiological patterns in space and networks. 
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Stability analysis of several predator-prey models with Allee effect and fear effect 

mno 

4p89 

Abstract:  In this talk, we will discuss several predator-prey models with Allee effect and fear effect.The proposed 

models undergo rich dynamic behaviors such as saddle-node bifurcation, Hopf bifurcation and Bogdanov-Takens 

bifurcation. Allee effect on prey and fear effect on predator can have some influence on the permanence of the 

species. 

 

 

Pulses in a singularly perturbed reaction-diffusion system with slowly mixed nonlinearity 

mst 

456789 

Abstract:  In this paper, we study the existence and stability of stationary pulses in a singularly perturbed reaction-

diffusion system with slowly mixed nonlinearity which is formulated in terms of a sine function multiplying a 

power function. Based on geometric singular perturbation theory, we prove the existence of stationary pulses by 

calculating the Take-off and Touch-down curves explicitly. It is found that this model can admit both the single-

pulse and the doubled-hump solutions, depending the two parameters brought by the slowly mixed nonlinearity 

and the semistrong interaction. Then the stability of stationary pulses is analyzed by the Evans function and the 

NELP (nonlocal eigenvalue problem) method. We find that the stability of pulses is fully determined by the zeros 

of the slow transmission function. For these types of slow nonlinearities, the slow transmission function is difficult 

to calculate explicitly as for linear systems by special functions, and we give an estimate of this function by using 

comparison theorem and hypergeometric functions. Thus, the parameter conditions concerning the stability of 

stationary pulses are obtained. 
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Dynamic analysis of a class of SIV Filippov system 

uvw 

xy89 

Abstract: This study aims to analyze a class of SIV systems considering discontinuous measures, including 

discontinuous transmission rate and vaccination efficiency. Firstly, for the SIV Filippov system, we take the 

dynamic behaviors of subsystems into consideration, and obtain the basic reproduction numbers and the 

equilibria of the subsystems respectively. Secondly, based on the Filippov convex method, we calculate the sliding 

domain and the sliding mode equation, and further analyze the global dynamic behaviors of the system, through 

which we verify that there is no closed orbit in the system. Furthermore, we prove the global asymptotical stability 

of the disease-free equilibrium, endemic equilibria, and the pseudo-equilibrium under certain conditions. The 

results demonstrate that the threshold value, protective measures, media coverage and the effective vaccination 

protection rate could affect the number of infected individuals and the final scale of the disease. To prevent the 

spread of the disease, it is necessary to select an appropriate threshold and take applicable protective measures 

combined with media coverage and vaccination. Lastly, we verify the validity of the results by numerical 

simulations. 
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Fixed-time stability analysis of discontinuous differential equations 

¤¥¦ 

xy89 

Abstract:  This report mainly introduces the fixed-time stability and fixed-time synchronization of discontinuous 

differential equations. Specifically, it includes: fixed-time stability of discontinuous systems and discontinuous 

impulse systems, and fixed-time synchronization of memristor-based neural networks affected by impulses. 
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Towards a quantitative theory of plants 

Åke Brännström 

Umeå University 

Abstract:  Plants are of key importance for ecosystem functioning and biological diversity. They are also of key 

importance in the carbon cycle, as plants absorb as much as 25% of human carbon dioxide emissions. I will present 

two complementary approaches for understanding vegetation dynamics. The first focuses on individual trees and 

aims to describe how tree branching structure can arise from geometric growth in newly formed branches and 

limitations in available space or light causing loss of existing branches. The second takes a broader view and aims 

to describe how coexisting plant strategies arise from competition, frequent disturbances, and evolutionary 

change. My presentation is based on the following papers: 

[1] Hellström, L., Carlsson, L., Falster, D. S., Westoby, M., & Brännström, Å. (2018). Branch thinning and the large-

scale, self-similar structure of trees. The American Naturalist, 192(1), E37-E47. 

[2] Falster, D. S., Brännström, Å., Westoby, M., & Dieckmann, U. (2017). Multitrait successional forest dynamics 

enable diverse competitive coexistence. Proceedings of the National Academy of Sciences, 114(13), E2719-E2728. 

 

 

Adaptive dynamics 

Eva Kisdi 

University of Helsinki 

Abstract:  Adaptive dynamics is a mathematical theory of evolution driven by natural selection, where fitness is 

derived explicitly from models of population dynamics. This leads to an ever-changing fitness landscape, which 

facilitates the formation of new lineages through a process called evolutionary branching. After a brief 

introduction to the mathematical framework of adaptive dynamics, I consider two questions relating 

to biodiversity: First, is there an upper bound to the number of species, and if so, how does a "saturated" 

community evolve? Second, can evolution lead to extinction? 
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Poisson-nernst-planck systems for ion flow with density functional theory for hard-sphere potential 

©ª« 

¬6789 

Abstract:  In this talk, we analyze a one-dimensional steady-state Poisson–Nernst–Planck type model for ionic 

flow through a membrane channel including ionic interactions modeled from the Density Functional Theory in a 

simple setting: Two oppositely charged ion species are involved with electroneutrality boundary conditions 

andwith zero permanent charge, and only the hard sphere component of the excess (beyond the ideal) 

electrochemical potential is included. The model can be viewed as a singularly perturbed integro-differential 

system with a parameter resulting from a dimensionless scaling of the problem as the singular parameter. Our 

analysis is a combination of geometric singular perturbation theory and functional analysis. The existence of a 

solution of the model problem for small ion sizes is established and, treating the sizes as small parameters, we 

also derive an approximation of the I-V(current-voltage) relation and analyze the effect of the ion size on the I-V 

relation. 

 

Spatiotemporal patterns of a diffusive prey-predator model with spatial memory and pregnancy period  

in an intimidatory environment 

¯°± 

(²I³89 

Abstract: Spatial memory and predator-induced fear have recently been considered in modeling population 

dynamics of animals independently. This paper is the first to integrate both aspects in a prey-predator model with 

pregnancy cycle to investigate the direct and indirect effects of predation on the spatial distribution of prey. We 

extensively study Turing instability and Hopf bifurcation. When the prey population has slow memory-based 

diffusion, the model is easier to generate Turing patterns. While when the prey population has fast memory-

based diffusion, the model can exhibit rich dynamics. Specifically, (1) for the model with spatial memory delay 

only, the prey population with long term memory shows a spatially nonhomogeneous periodic distribution; (2) 

for the model with pregnancy delay only, the prey population with long pregnancy cycles shows a spatially 

homogeneous (or nonhomogeneous) periodic distribution, and (3) for the model with both the two time delays, 

more interesting spatiotemporal dynamics can be observed for long memory delay and (or) long pregnancy cycles. 

Our findings indicate that both spatial memory and pregnancy cycle play significant roles in the pattern formation 

of prey-predator interactions. 
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Frequency-dependent selection manifests as an immune escape mechanism  

and predicts response to immunotherapy 

m¿À 

z{89 

Abstract:  Hypermutable evolving cancer lineages accumulate mutations that lead to neoantigens. Neoantigens 

elicit immune responses and open up opportunities for multiple tumor immunotherapies. However, growing 

evidence shows that not all highly mutational tumors react to immunotherapies and the underlying mechanism 

is not clear. The evolution of tumors before subclonal immune escape determines the neoantigen clonal structure 

that greatly influences immunotherapy prognosis. Neoantigens do not necessarily lead to immune response 

when there are insufficient frequencies of immunogenic cells at early stages of evolution. Frequency-dependent 

selection could be a key factor to the failure of the immune system to eliminating neoplasms. Here we reveal 

how frequency-dependent selection influences neoantigen accumulation in growing tumors using theoretical 

model. The model predicts that, frequency-dependent selection manifests as an early immune escape 

mechanism for hypermutable cancers. Frequency-dependent selection is both the cause and effect of tumor 

neoantigen heterogeneity, which promotes tumor neutral evolution. Moreover, tumors that underwent 

frequency-dependent selection are irresponsive to checkpoint inhibitor therapies despite large neoantigen loads. 

These predictions are corroborated by the analysis of whole genome sequencing data from melanoma, colorectal 

and non-small cell lung cancer. 
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Persistence of the solitary wave solution for a perturbed (1+1)-dimensional dispersive long wave equation  

via a geometric approach 

Á__Â 

ÃÄ9> 

Abstract:  Persistence of the solitary wave solution is studied for a perturbed (1+1)-dimensional dispersive long 

wave equation. The methods are based on the geometric singular perturbation (GSP, for short) approach, 

Melnikov method, invariant manifolds and bifurcation analysis. The results show that, under the small singular 

perturbation, the solitary wave solution does persist at a suitable wave speed 𝑐 and bifurcation parameter 𝜅 

(horizontal ordinate of the saddle point associated to the homoclinic orbit). Not only the explicit analytical 

expression of the complicated Melnikov integral is directly obtained by hand (not by mathematical software) for 

the perturbed long wave equation, but also the explicit analytical expression of speed 𝑐 is directly given. Further, 

numerical simulations are utilized to verify the correctness of our analytical results. 

 

 

Cell division history encodes directional information of fate transitions 

@__È 

z{89 

Abstract: Single-cell RNA-sequencing (scRNA-seq) enables systematic mapping of cellular differentiation 

trajectories. However, inferring the cell-fate transitions under diseases or perturbations is still challenging due to 

the high cellular plasticity. Here, we demonstrate that monotonically expressed genes (MEGs) along cell divisions 

record the directions of state transitions regardless of the cellular processes. We developed a computational 

framework (PhyloVelo) to identify MEGs and reconstruct a novel transcriptomic velocity field by leveraging 

simultaneous scRNA-seq and phylogenetic information. PhyloVelo accurately recovered linear, bifurcated and 

convergent differentiations in simulation and C. elegans data. Application to five CRISPR/Cas9-based lineage 

tracing datasets showed that PhyloVelo can robustly infer complex lineage trajectories with superior performance 

relative to RNA velocity. We also found MEGs across tissues and organisms had similar functions in translation 

and ribosome biogenesis. Together, our study unveils an internal cellular clock and provides a powerful method 

for cell-fate analysis in diverse biological contexts. 
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