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DESCRIPTION

Network structure plays a fundamental role in dynamical
processes including spreading phenomena, synchronization,
percolation, etc. It is critical to optimize the network topological
structure as it is highly related to engineering problems and has
substantial societal impacts. Thanks to the development of
network science, comprehensive mathematical tools, and
artificial intelligence in the last decade, problems related to
structural optimization have attracted much research, including
minimize the average path length[1], and transforming networks
into balanced or small-world ones with the lowest cost [2, 3].
What about the network diameter, which often describes the
transfer efficiency of a team or a crowd [4] In 2017, we studied
the relationship between the network diameter and the number
of edges added to the network, finding that there exists a critical
point beyond which the average path length decreases linearly
and the network diameter changes abruptly from three to two
[5]. With the diameter reaches to the critical point, the efficiency
of information sharing could be substantially enhanced. As a
result, we attributed the network diameter at the critical point as
the Critical Diameter [5].

Given the importance of the network diameter to the dynamical
processes, the next question is to achieve the Critical Diameter
by adding the minimum number of links to the network, which
is an NP-hard problem [5] .Brute-force search algorithm often,
requires (N^2k+3) where k is the number of edges added to the
network, which cannot be generalized to large networks. As a
result, we designed a mimetic algorithm that provides among the
first solution to this optimization problem [5]. By comparing the
mimetic algorithm with two additional algorithms: 1)
Connecting links between the highest-degree nodes with all
other nodes (denoted by HDN), and 2) Greedy algorithm, we
found the mimetic algorithm balances the time complexity and
generalizability.

What is the implication? What can we learn from this
optimization problem? To provide actionable suggestions, this
study is towards an important step to inform policy makers to
design optimal network structure or intervene specific events. It
provides the following suggestions: In a centralized environment

with limited resources, the study suggests that the best way to
enhance the transfer efficiency or the information sharing speed
is to connect the hub with other nodes. For example, if the aim
is to build roads in a remote rural area, connecting hubs with
other places is the optimal way. Additionally, connecting
opinion leaders with other individuals in social networks is
commonly used for managers. For example, the best way to
accelerate the diffusion of innovations is to find the opinion
leaders who can help spread the information to more consumers
[6].However, in a dense network where resources are abundant; a
decentralized operation may have its practical significance. For
instance, if we aim to build roads in a developed city, a multi-
center strategy may be a good way to improve the transportation
efficiency.

The other application of the optimization problem is the analysis
of collective action [7], which has great implications both for
individuals and policy makers. Specifically, we apply the
optimization algorithm in [8] to an investigated Chinese rural
migrant worker’s informal social network (Figure 1) Since the
network shows clear community structure (colors represent
communities; individuals within communities communicate
with each other more frequently than those in different
communities), the collective action is likely to be launched
within communities, while members in other communities
hardly get this information. For example, when node 33 in color
blue launches a protest, node 60 does not get the information
immediately. As a result, the collective action occurs locally.
However, the contagion process significantly accelerates as the
network reaches the Critical Diameter. Interestingly, we find that
the mimetic algorithm yields the same network structure as the
HDN method, which explains the resource mobilization theory
[9]. According to the theory, launchers of the collective action
are always the opinion leaders who have plenty of resources.
When someone in the crowd experiences an inequality, he/she
turns to the leader (node 12) for the protest, while the optimized
network may enlarge the mobilized resources and make the
protest into a bigger scale. Optimizing the critical diameter may
be a potential risk for promoting the collective action, but on the
other side we can also speculate that the hub node can be also
the key person to impede from the collective action’s happening.
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Figure 1: Original and optimized topologies of the rural migrant worker’s social network

The size of nodes represents the node degree. The different
nodes’ colors represent the different clusters computed by the
modularity. The black lines denote the original network edges,
while the red lines denote the added edges. (a) is the original
network, while (b) is the optimized network with the critical
diameter.

Optimizing network structure is critically for the dynamical
processes and has potential policy implications. Developing
algorithms that achieve the Critical Diameter by adding the
minimum number of links is just one of the many essential steps
toward this goal. We explore a possibility for exploring the
optimization of critical diameter, but developing scalable
algorithms for large social networks is still an open question. As
the development of the artificial intelligence, how to
incorporate this latest tool? What is more, what can AI guiding
us to solve the optimization problem?

CONCLUSION

Finally, to uncover underlying social mechanisms of the
optimization methods, we need to further discuss the
relationship between the network density, scale, topological
structure and the optimal edging strategies. With the opening of
new data sources and tools, the answers to these questions will
soon arrive; we hope the application of the optimization of the
critical diameter into the social practice come true in the near
future.
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