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In this research, we consider stable or finite Morse index solutions to the
elliptic boundary value problems with variational structures. The definition of these solutions uses
the second order information of the associated variational functionals. We studied several topics

such as Liouville type theorems, the relation between shape and symmetries of finite Morse index
solutions and the geometry of the domains, regularity theories and a priori estimates of finite
Morse index solutions, and the construction of singular finite Morse index solutions, from the view
points of both differential geometry and global analysis. In particular, we obtained several results
on various Hardy type and Trudinger-Moser type inequalities, which are strongly related to the
analysis of stable or finite Morse index soutions.
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