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Mathematical model for love-hate dynamics of human relationship in a community
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We analyzed a mathematical model (1) which governs the temporal variation of love/hate emotion level
between two persons in a community. R, (resp. J,) is an individual R’s(resp. J’s) love/hate emotion level
for an individual J on the n th day. Parameter sr represents how the emotional dynamics of R responds
to R’s own love/hate emotion level. Parameter cgr represents how the love/hate emotion level changes
in response to the emotional information from J. Parameter Br is the positive and coefficient about
the emotional self-regulation with feedback of the self-emotion level of R. Parameter 6 represents the
information from outside of considered relationship between R and J. Parameter g is the positive and
coefficient of the responsiveness to the information. Corresponding parameters for J are defined as well.
Mathematial models in previous works assumed that love/hate emotion level could get large without limit.
In contrast, we propose and analyze the mathematical model (1) with an upper bound for the emotion
level which is introduced by an emotional self-regulation with feedback from the self-emotion level. For our
model (1), we introduce also the effect of information from the outside of considered relationship between
two persons, which affects the dynamics of love/hate emotion. Without such effect of information from the
outside, the system (1) could show some cases in which the dynamics converges to non-trivial equilibrium.
Firstly we mathematically analyzed the existence and the local stability of equilibrium in the following
three specific cases without the effect of information from the outside: when |sg| < 1 and |s;| < 1; when
|cr] < 1 and |cy| < 1; when Br = 0. Results of our analysis show that strength of the effect of emotional
self-regulation is not associated with the stability but is done with its existence. As for the case with the
effect of information from the outside, we analyzed the model, focusing the qualitative change due to the
information, making use of numerical calculation, especially under the condition that, without information
from the outside, the emotional relationship of two persons converges to an intermediate state. As a result,
we found that there are some cases that the emotional relationship between two persons converges to a

2-periodic or chaotic fluctuating quasi-periodic state.
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