 Research Statement
Part I.  Analytical analysis of the global dynamics of a general class of epidemiological models of SEIR type as well as some other type of models, such as HTLV-I, HIV models. The SEIR models describe the spread of an infectious disease in a host population through direct contact of hosts. The models incorporate the following demographic and epidemiological factors: immigration, exponential birth, exponential death, disease-caused death, disease-latency, and permanent immunity. The incidence terms are of the mass action form, proportionate mixing form or saturation forms. Mathematically these models give rise to a system of three or more nonlinear differential equations. HIV/AIDS has been studied extensively by many researchers from all different related fields including mathematics. While one group of researchers study HIV/AIDS from the epidemiological point of view the others study the immunological aspect of the disease, i.e. the immune system of an HIV infected individual. I, along with my collaborators, have focused on the latter. HTLV-I or HIV mathematical models, which usually are three or four dimensional nonlinear ODE systems, describe the dynamics of the interaction of HIV virus and CD4+ T cells that are the major target of HIV virus and play a central role in human immune system. The depletion of CD4+ T cells can have widespread deleterious effects on the functioning of the immune system and is a major indicator of the stage of the HIV infection.
Because of the high dimensionality, the classical Poincare-Bendixson Theory on global stability analysis cannot be used to analyze these models. These models are also notorious for the fact that the method of Lyapunov Function has rarely worked for the proof of the global stability of the endemic equilibrium.

A new geometric approach developed by Michael Y.  Li (one of my collaborators), James. S. Muldowney and Russell A. Smith, is used in our analysis. For a variety of SEIR models, under the assumption that the population size is constant, the threshold phenomena is established by showing that the disease-free equilibrium is always globally asymptotically stable in the feasible region if the threshold number (or the reproduction number) is below unity, whereas the endemic equilibrium is globally asymptotically stable in the interior of the feasible region if the threshold number is greater than unity, i.e. the disease always dies out if the threshold number is below unity and the disease persists at the endemic level if the threshold number is greater than unity when the disease is initially present. Therefore the global dynamics of these models are completely resolved if the population size remain a constant. As the population size varies over time, it has been known that the proof of the global stability of the endemic equilibrium is extremely difficult, especially for these high dimensional systems. My collaborators and I have partially resolved this problem for some models. Further investigations are currently being carried out. 
The threshold phenomena mentioned above for SEIR models is not present in HIV models. The periodic phenomenon appears while the endemic equilibrium point becomes unstable that has been of great interest to many mathematicians. Of great interest, it is the stability of the periodic solutions. The investigation is still under way for these phenomena.
Due to the complexity of the dynamics present in these models, numerical simulations are routinely used as a supplement to analytical analysis. From my experience, numerical simulations are indispensable in the analysis of nonlinear dynamics in that it often provides insight and modifies our hypothesis and intuition about the dynamic behaviors. I found that the pattern-based programming language and the powerful graphical capabilities of the Mathematica make it especially suitable for our purpose. 
Recently I have focus on HIV models with treatment. In my paper ``Global Dynamics Analysis of HIV Models with Treatments,'' published in International J. of Bifurcation and Chaos in 2012, I studied two different treatment therapies for HIV patients. A complete mathematical analysis of the models provides a sound theoretical ground for what the drug therapy has to achieve to eradicate the HIV infection, and how a combination of these drug therapies can effectively reduce the number of HIV virus to the level that cannot be detected. 

In a more recent joint work with Dr. Michael Y. Li from University of Alberta, we studied one Anti-retroviral treatment (ART) for HIV infection and found that our model along with the mathematical results can explain several well observed clinical phenomena among HIV patients such as sudden jumps of the viral load, viral blips, dependence of the outcome on initial conditions, and the timing of the ART treatment. The results have been summarized in the paper ``Backward Bifurcation in a Mathematical Model for HIV Infection in vivo with Anti-retroviral Treatment,'' and submitted to Nonlinear Analysis: Real World Applications in 2012.

Part II. Bifurcation Theory. Recently, motivated by the fascinating bifurcation theory, I started working on analyzing bifurcation phenomena for some mathematical models such as kaldor-Kalecki business models, van der Pol's equations, and etc.   Business cycles and economical fluctuations have been observed for a long time and mathematical models that describe these behaviors have been established and studied by many people. In a series papers, my collaborator, Dr. Xiaoqin P. Wu and I have found that the models can not only exhibit business cycles through bifurcation, but also it shows that the cycles can happen in so many different ways that the bifurcation behaviors themselves have been mathematically enriched. By using the normal form theory, not only are we able to establish the existence of these business cycles (periodic solutions), but we are able to study the direction and the stability of these periodic solutions. 
The classical van der Pol equation is an ordinary differential equation that can be used to describe the oscillating behavior in electrical circuits and many other physical and biological sciences and it is one of the most intensively studied equations in nonlinear analysis. Again, for this equation, we established some new discovered bifurcation phenomena that greatly enrich the study of this famous equation. Also we studied a BVP oscillator’s model. We performed a bifurcation analysis and obtained some very interesting codimension-2 bifurcation results.

Part III.   Matrices and Linear Systems. Algebra and matrices are not new subjects to me. In 1998, Dr. Michael Y. Li and I published a paper entitled "A Stability Criterion for Matrices" in JMAA. During his visit in the summer of 2007, Dr. Baodong Zheng from Harbin Institute of Technology of China has worked closely with Dr. Joshua Du and me to attack several classical algebraic problems. As a result, the paper "Spectral Radius and Infinity Norm of Matrices" by Zheng and me was published in JMAA in 2008, and the paper ``New Iterative Method for Solving Linear Systems" by Du, Zheng and me was published in J. of Applied Analysis and Computation in 2011. Another manuscript "A study on Gauss-Seidel method" is under investigation. Joint with Drs. Jiehua Zhu and Xiezhang Li from Georgia Southern University, a research result "The SOR-k method for linear systems with p-cyclic matrices" was published in the Journal of Computer Mathematics in 2010. 
Part IV.  Optimal Control Theory. To prevent a disease from becoming endemic, it is necessary to vaccinate a large fraction of susceptible hosts. Started about a few years ago, my collaborators and I have studied the implementation of optimal vaccination control measures in our SEIR models. In lieu of our discovery of different roles of disease-latency in different host ecologies, we have been investigating how the disease-latency will affect some of the common control strategies. I strongly believe that the mathematical results will provide a sound basis for the design of effective strategies for disease control and prevention. The paper "Optimal control methods applied to disease models" with Drs. Hem R. Joshi, Suzanne Lenhart, and Michael Y. Li has been published in 2006 in Contemporary Mathematics, American Mathematical Society. I am still working in this area now. 

Part V. Other Research Activities. I started recently working with Dr. Joshua Du on some Vortex mathematical models describing dispersion relations in multiple jets. The paper " The Dispersion Relations of Kevin-Helmholtz Instability Wave of Supersonic Triple Jets” was published in The Proceedings of Dynamic Systems and Applications in 2008. We then generated this result to a general N jets model with N>3. The result ``Dispersion Relations for Supersonic Multiple Virtual Jets"' has been published in Discrete and Continuous Dynamical System-Supplement in 2011.
