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In this research, we studied the structure of solutions of nonlinear elliptic
partial differential equations arising in mathematical models of quantum phenomena and pattern formation
problems of the mathematical biologK. Especially, we investigated the precise asymptotic behavior of
eigenvalues of the Laplacian with the mixed boundary condition on a thin domain and the precise
asymptotic behavior of the least energy of a nonlinear variational problem associated with the
Bose-Einstein condensation. We also studied the structure of global minimizers for 3-component
FitzHugh-Nagumo system and the parameter range of existence and non-existence of non-constant steady
patterns for several nonlinear rection-diffusion systems, e.g., the prey-predator model with a
cross-diffusion effect.
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