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Understanding of Explosive Percolation Transitions
in a Unified Framework

Young Sul CHO and Byungnam KAHNG

A percolation transition is the emergence of a spanning clus-
ter between two opposite sides of a system and is known to
be a prototypical example of a non-equilibrium phase tran-
sition in a disordered system. This topic was introduced in
the mathematical literature in 1957 and has been studied
intensively in mathematics and physics since. The percola-
tion transition is known to be a continuous transition. In the
mean-field limit, the percolation transition may be regarded
as the emergence of a giant cluster in a random graph. In
2009, a new model of the explosive percolation transition
was introduced, in which the growth of a larger cluster is
suppressed, with the system then being able to undergo an
abrupt phase transition. However, the order of the explosive
percolation transition has not been clarified yet. Here, we in-
troduce a stochastic model that enables us to understand
the mechanism underneath the explosive percolation tran-
sition and to clarify its order in a unified framework covering

from low dimensions to the mean-field limit.
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Fig. 1. (a) Schematic diagram of SCA model at #<t<to. (b)
Schematic diagram of SCA model at #= t,. Quoted from Ref. [19].
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Fig. 2. Simulation data of SCA model. (@) Gn(?) vs £ (b) Hysteresis
curve of Gu(t) vs t (Q) tmvs L. (d) tm—t-vs L (&) 1-tm vs L
Quoted from Ref. [19].
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Fig. 3. Simulation data of SCA model. (a) Plot of the giant and sec-
ond largest clusters just before the percolation threshold t., for m
=4. (b) Cluster-size distribution 7 vs s at tcm. Quoted from Ref. [19].
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Fig. 4. Simulation data of product rule. Snapshot of clusters at fcm
for m=2 (a) and m=30 (0). ns(tcm) vs s for m=2 (b) and m=30
(d). Quoted from Ref. [19].
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