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Abstract

We proposed a simple mathematical model that exhibits various non-trivial patterns, inspired by
friendship formation in human society. We developed this model just for curiosity and do not have
any background of the study. However, we believe that this model could help understand the essential
mechanism for the emergence of dynamical order in various systems, as well as be used in the design
of artificial systems such as swarm robotic systems.
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B 1: Simulation result when N = 5. The parameter region where each pattern is observed is indicated
by colour bars. Numbers denote the critical values of ky, for the transition between different patterns.
This system is multi-stable in parameter regions where several colour bars are overlapped. For example,
when —0.512 < k,,, < —0.500, patterns a, 4, €, and ¢ are multi-stable.
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¥ 2: Snapshots for each pattern. The motion of particles is indicated by arrows. Particles surrounded by
a dotted circle move without changing their relative position. Numbers at the bottom of the snapshots
denote the time step. The length of the bars at the bottom of the snapshots denotes the scale size, which
corresponds to a non-dimensional léngth of 10.
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3: Configuration of particles considered. The definitions of particle numbers, 2y coordinate, d;, dz,
d3, d4, ¢, and ¢ are shown.
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4: Bifurcation structure for the transition between patterns ¢ and 7. Horizontal and vertical axes
denote k,, and 1. Solid and dashed lines denote stable and unstable solutions. Cross symbols denote the
simulation results obtained from different initial conditions.
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5: Bifurcation structure for the transition between patterns n and §. Horizontal and vertical axes
denote k,, and ¢. Solid and dashed lines denote stable and unstable solutions. Cross symbols denote the
simulation results obtained from different initial conditions.
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6: Time evolution of dzp, dzm, dyp, and dym for pattern ¢ (a) km = 0.9, (b) km = 1.1, and (c)
= 1.4,
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7: Vector fields of Egs. (10)-(16): (a) km = 0.85, (b) kn, = 0.88, () km = 0.91, and (d) kn, = 0.94.
Black solid curves denote null clines. Stable and unstable solutions are denoted by open and filled circles.
Red curves denote the trajectory obtained from Egs. (10)-(16) with the initial condition dzn, = 1.0 and

dym =02,
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X 8: Snapshots when k,, = 1.70. Symmetry of configuration as shown in Fig. 3 is broken and white
particle chases one of the four black particles. Numbers denote time step. The length of bars at the
bottom of snapshots denotes the scale size, which corresponds to non-dimensional length of 10.
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