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ABSTRACT 

In this thesis, we focus on the theory part of deep neural networks including generalization and 
robustness which are essential problems in deep learning. 
 
Generalization of deep neural networks is still a mystery although deep learning has been successfully 
applied into many areas. What we pursue is to give an appropriate explanation for the success behind 
deep neural networks. In traditional machine learning community, margin dynamics have been used to 
explain the generalization of bagging and boosting. Motivated by this, we introduce the margin dynamics 
into deep neural networks to analyze the generalization abilities. A novel perspective is provided to 
explain the relationship between margin dynamics and generalization error based on phase transitions in 
dynamics of normalized margin distributions. On the other hand, the robustness of deep neural networks 
is another problem in deep learning. For most of the existing adversarial defense methods, they need 
adversarial training to improve robustness of neural networks, hence have to make a trade-off between 
natural accuracy and adversarial robustness. Inspired by Neural Ordinary Differential Equations (ODEs) 
and dynamical system theory, we design a stabilized neural ODE network named SONet whose ODE 
blocks are skew-symmetric and proved to be stable in the sense of Lyapunov. 
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