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I have worked on the following three research topics
A) Recurrence in the evolution of air transport networks
B) Opinion dynamics on tie—decay networks

C) Growth model for water distribution networks with loops

A) Recurrence in the evolution of air transport networks

Changes in air transport networks over time may be induced by competition among carriers,
changes in regulations on airline industry, and socioeconomic events such as terrorist
attacks and epidemic outbreaks. Such network changes may reflect corporate strategies of
each carrier. In the present study, we propose a framework for analyzing evolution patterns
in temporal networks in discrete time from the viewpoint of recurrence. Recurrence implies
that the network structure returns to one relatively close to that in the past. We applied
the proposed methods to four major carriers in the US from 1987 to 2019. We found that
the carriers were different in terms of the autocorrelation, strength of periodicity, and
changes in these quantities across decades. We also found that the network structure of
the individual carriers abruptly changes from time to time (see Figure 1). Such a network
change reflects changes in their operation at their hub airports rather than famous
socioeconomic events that look closely related to airline industry. The proposed methods
are expected to be useful for revealing, for example, evolution of airline alliances and
responses to natural disasters or infectious diseases, as well as characterizing evolution



of social, biological, and other networks over time.
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Figure 1. Network—distance matrices. (a) American Airlines, (b) United Airlines, (c)
Delta Air Lines, and (d) Southwest Airlines

Related Publications

1. Kashin Sugishita and Naoki Masuda, Recurrence in the evolution of air transport
networks, Scientific Reports, 11, 5514, 2021.

2. ETMHER, MiZExRy MU —IEORSRIIEN, Ry MU — 7B I F—2020, A T A v,
2020 4512 A. [O#E%#E]

3. Kashin Sugishita, Recurrence in the evolution of air transport networks, The 5th
Japan-US Science Forum in Boston, Online, November 2020. [flash talk]

4. Kashin Sugishita and Naoki Masuda, Structural evolution of US airline networks, NetSci
2020, Online, September 2020. [oral presentation]

B) Opinion dynamics on tie—decay networks

In social networks, interaction patterns typically change over time. We study opinion
dynamics in tie—decay networks in which tie strength increases instantaneously when there
is an interaction and decays exponentially between interactions. Specifically, we
formulate continuous—time Laplacian dynamics and a discrete—time DeGroot model of opinion
dynamics in these tie—decay networks, and we carry out numerical computations for the
continuous—time Laplacian dynamics. We examine the speed of convergence by studying the
spectral gap of combinatorial Laplacian matrices of tie—decay networks. First, we compare
the spectral gaps of tie—decay networks from empirical data with those for corresponding
randomized and aggregate networks. We find that the spectral gaps of the empirical networks
tend to be smaller than those of the randomized (see Figure 2) and aggregate networks.
Second, we study the spectral gap as a function of the tie—decay rate and time. Intuitively,
we expect small tie—decay rates to lead to fast convergence, because the influence of
each interaction event between two nodes lasts longer for smaller decay rates. Moreover,



as time progresses and more interaction events occur, we expect to observe convergence to
proceed. However, we demonstrate that the spectral gaps need not decrease monotonically
with respect to the decay rate or increase monotonically with respect to time. Our results
highlight the importance of the interplay between the times that edges arise and decay in
temporal networks.
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Figure 2. Comparison of the spectral gap of M(T) between the original and randomized
networks.
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C) Growth model for water distribution networks with loops

Water distribution networks (WDNs) expand their service areas over time. These growth
dynamics are poorly understood. One facet of WDNs is that they have loops in general, and
closing loops may be a functionally important process for enhancing their robustness and
efficiency. We propose a growth model for WDNs which generates networks with loops and is
applicable to networks with multiple water sources. We apply the proposed model to four
empirical WDNs to show that it produces networks whose structure is similar to that of
the empirical WDNs (see Figure 3). The comparison between the empirical and modeled WDNs
suggest that the empirical WDNs realize a reasonable balance between cost, efficiency,
and robustness. We also study the design of pipe diameters based on a biological positive
feedback mechanism. Specifically,
find moderate positive correlations between the empirical and modeled pipe diameters.
This result suggests that the distribution of pipe diameters in the empirical WDNs is
closer to an optimal one than a uniformly random distribution. However,

we apply a model inspired by Physarum polycephalum to

the discrepancy
between the empirical and modeled pipe diameters also suggests that we may be able to
improve the performance of WDNs by following organizing principles of biological systems.
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Figure 3. Visualization of the network growth in the case of Colorado Springs.
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