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Abstract

Abstract
Deep learning has been widely applied and brought
breakthroughs in dealing with big data from speech
recognition, computer vision, natural language processing, and
many other domains. It is based on deep neural networks with
structures designed for various purposes. Compared with its
success in practical applications, it is not well understood in
theory. A mathematical foundation is desired for understanding
modelling, approximation or generalization abilities of deep
learning models with network architec- tures and structures. In
this walk we consider deep convolutional neural networks
(CNNs) which are induced by convolutions. The convolutional
ar- chitecture gives essential differences between deep CNNs
and the classical neural networks. We describe a mathematical
theory for deep CNNs as- sociated with the rectified linear unit
activation. In particular, we discuss learning and approximation
abilities of deep CNNs dealing with functions of many variables.

The bootstrap is a versatile method for statistical uncertainty
quantification, but when applied to large-scale or
simulation-based models, it could face substantial
computation demand from repeated data resampling and
model refitting. We present a bootstrap methodology that uses
minimal computation, namely with a resample effort as low as
one Monte Carlo replication, while maintaining desirable
statistical guarantees. We describe how this methodology can
be used for fast inference across different estimation problems,
and its particular relevance and generalizations to handling
uncertainties in machine learning and simulation analysis.
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