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Abstract

Deep learning has been widely applied and brought breakthroughs in speech recognition, computer vision,
natural language processing, and many other domains. The involved deep neural network architectures and
computational issues have been well studied in machine learning. But there lacks a theoretical foundation for
understanding the modelling, approximation or generalization ability of deep learning models with network
architectures. An important family of structured neural networks is deep convolutional neural networks (CNNSs)
with convolutional structures. The convolutional architecture gives essential differences between deep CNNs
and fully-connected neural networks, and the classical approximation theory for fully-connected networks
developed around 30 years ago does not apply. We describe a mathematical theory of deep CNNs associated
with the rectified linear unit activation for deep learning. In particular, we discuss approximation and learning
abilities of deep CNNs dealing with functions of many variables and nonlinear functionals on infinite
dimensional spaces.
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