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The concept of multilayer networks offers a useful mathematical framework for describing complex systems in
modern life. Their research field has been developed rapidly for these years, in which various properties of
multilayer networks have been clarified. One of the major topics in the research is the percolation analysis. This
is not only because the multilayer networks exhibit phenomena that differ from those known for single networks,
but also because the percolation analysis has great relevance to making provision against the menace of natural

or human-related disasters such as earthquakes, tsunamis, typhoons, wars, terrorisms, etc.

In this thesis, we study two types of multilayer networks composed of two sub-layers, each of which is a
random degree-degree correlated network and connected with the counterpart via interdependent- or antagonistic
inter-links. The former model, which is named interdependent networks, is used to explain the mechanism of
massive black out caused by the failures in infrastructure networks composed of the Internet and power network.
The latter model, named antagonistic networks, may be useful as a mathematical model of ecological networks:

the habitat of endangered species and invasive ones are projected on each layer respectively.

The main objective of this thesis is to evaluate the size of the giant component (GC: the largest subset of
connected nodes) in the interdependent- and the antagonistic networks when they suffer from random node
failures or targeted node attack. For this, we develop an analytical method based on the cavity method in
statistical mechanics, which enables us to explicitly handle not only both of the inter-layer and intra-layer
degree-degree correlations, but also the hysteresis of the percolation process. Comparison between theoretical
predictions obtained by the developed methodology and numerical experiments indicates that our method has an
excellent ability for accurately evaluating the GC size in each layer in both cases. We also find that the effects of
degree-degree correlations on the robustness of each layer vary a lot depending on system parameters and the
type of inter-layer links: positive inter-degree-degree correlations and positive intra-degree-degree correlations
in each layer make the interdependent networks more robust, while negative intra-degree-degree correlations are

advantageous for the layer suffering from the initial targeted attacks in antagonistic networks.
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