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Abstract: 
Linear models have played a significant role in statistic analysis. Examples include principal component analysis in dimension reduction and autoregressive and moving average models in time series. I will talk about nonlinear alternatives/improvements to them. There are two components:

1. I introduce a nonlinear time series model. The key idea is to fit a model via penalization, where the penalty term is an unbiased estimator of the integrated hessian of the underlying function. Such a Hessian based penalty term is novel in nonparametric methodology. The underlying model assumption is very general: it has hessian almost everywhere in its domain. Numerical experiments demonstrate that our model has better predictive power: if the underlying model complies with an existing parametric / semiparametric form (e.g., a threshold autoregressive model (TAR), an additive autoregressive model (AAR), or a functional coefficient autoregressive model (FAR)), our model performs comparably; if the underlying model does not comply with any pre-existing form, our model performs better in near all simulations.

2. I describe how a nonlinear underlying surface (in particular, a compact manifold) can be uncovered via numerical methods. A matrix perturbation analysis is carried out to derive its convergence property and rate of convergence. 

The potential applications in financial time series (e.g., electricity prices in U.S.) will be discussed.
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