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Conclusions: Our main results resides on the

emergence and vanishing of the phase transitions as a

function of the ratio between the inter-layer and intra-

layer spreading rates. Using the QS-Method and Monte

Carlo simulations we were able to precisely determine

such transition points. Such results agrees with the ideas

of multiple phase transitions on complex networks.
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Abstract: We present a continuous formulation of

epidemic spreading on interconnected networks using

tensorial notation, extending the models of monoplex

networks to this context. We derive analytical

expressions for the epidemic threshold on the SIS as

well as upper and lower bounds for the steady-state.

Using the quasi-stationary state (QS) method we show

the emergence of two or more phase transitions. Our

formalism provides a mathematical approach to

epidemic spreading in multiplex systems and our

results reinforce the importance of considering the

interconnected nature of complex systems.

SIS Model: A Poisson process is associated to each

intra-edge with parameter λ, inter-edge with parameter

η and for each node with parameter δ. The spreading

is thus captured by the processes associated to the

edges, while the recovery dynamics is modeled by the

processes on the nodes. The dynamics read as

Upper and lower bounds for the steady-state: We

can obtain useful bounds considering the steady state,

where . Formally we have

The higher , the closer the lower and upper bounds.

The epidemic threshold: Considering a first order

approximation, the epidemic threshold is given as

Localization: Furthermore, when mapping the critical

epidemic dynamics to the eigenvalue problem, we

observe a characteristic transition in the eigenvalue

spectra of the supra-contact tensor as a function of the

ratio of spreading rates: If the spreading rate within

each layer is comparable to the rate across layers, the

individual spectra of each layer merge with the

coupling between layers, which can be related to the

eigenvalue problem and the inverse participation ratio:


