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ABSTRACT 
 

In this thesis, we mainly consider two problems about network data. 

First, we propose a novel statistic of networks, the normalized clustering coefficient, which is a modified version of the clustering 

coefficient that is robust to network size, network density and degree heterogeneity under different network generative models. 

In particular, under the degree corrected block model (DCBM), the "in-out-ratio" could be inferred from the normalized 

clustering coefficient. Asymptotic properties of the proposed indicator are studied under three popular network generative 

models. The normalized clustering coefficient can also be used for networks clustering, network sampling as well as dynamic 

network analysis. Simulations and real data analysis are carried out to demonstrate these applications.   

Second, we propose a new algorithm, called weighted inverse Laplacian (WIL),  for predicting labels in partially labeled 

networks. It is a traditional topic to do community detection in networks. However, it is less discussed how to get more accurate 

predictions if some of the community labels are observed. The idea comes from the first hitting time in random walk, and it also 

has nice explanations both in information propagation and the regularization framework. By combining two different kinds of 

normalization, WIL is more flexible and has more tolerance of community imbalance and degree heterogeneity. We also propose 

a partially labeled degree-corrected block model (pDCBM) to describe the generation of partially labeled networks. We show 

that WIL ensures the misclassification rate goes to 0 as the number of nodes goes to infinity, and that it can handle situations 

with greater imbalance than traditional Laplacian methods. WIL outperforms other state-of-the-art methods in most of our 

simulations and real datasets, especially in unbalanced networks and heterogeneous networks. 
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