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Background/Motivation

* Research question: Underwhat conditions does complexity emerge in
romantic relationships?

* Chaos: “Whenthe present determines the future, but the approximate
present does not approximately determine the future”.

* jtmust be sensitive to initial conditions,

* itmust be topologically transitive,
* itmust have dense periodic orbits

* Hypothesis: Romantic complexity requires:

* A particular setof character traits (parameters)-insecurity, wrong
expectations

« Externalinfluences (environmentalnoise orinspiration)
* Third parties displaying interestin one of the partners (Higher

dimensionaldynamical system, network model)

Lorenz, E. N. (1993). The Essence of Chaos
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Base Model and Assumptions
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Example: Love Dynamics of a couple

Romeo: Synergic lover
Juliet: Insecure lover 47

R=aR+bJ R=aJ )

Strogatz S. (1988). Love Affairs and Differential Equations, Mathematics Magazine Volume 61



cautious lover case 1: a**2 < h"‘*2 cautious lover case 1: a**z > p**2

Different cases

Identically insecure lovers

R=aR+bJ
J=bR+ aJ

a<0,6>0

Fire and Ice (Do opposites attract?)

R=aR+bJ
J=—bR —alJ
Romeothe Robot

J=aR+bJ




A more complex example: “Gone with the Wind” (1939)
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As=1,Ar=1,k=15 As=12Ap=1k=15 Ag =12, Ap=2k=15

Rinaldi, S., DellaRossa, F., & Landi, P.(2013). Amathematical model of “Gone withthe Wind”. Physica A, 392, 3231-3239. doi: 10.1016/j.physa.2013.03.034



Frankly, my dear, | dont'give a damn




External stress

#1 = —a1z1 + RY (w2) + (1 + b1 By (z1)) 11 A2
2 = —aaxs + Ry (z1) + (1+ b5 B3 (2)) 1241, Ai(t) = A;(1+esinwt) 0<e<1

Dynamics of Romantic Relationship with Environmental Stress Peak-to-Peak Plot (PPP) for Partner 1
Partner 1 Heatmap of LLE for different Mean Appeals (A1) and Variability (&)
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External inspiration
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Laura de Sade Francesco Petrarch

Dynamics of Romantic Relationship Phase Diagram
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Ry (z2) = B1xa(1 — (z2/23)?).
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Triangular Relationships (1/3)
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Triangular Relationships (2/3

Woman-Husband Dynamics

Phase Diagram
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Imbalance of Woman's feelings
towards Husband (>0) and Lover (<0)

Feelings

Feelings

Result:

The outcome doesn’t depend on the initial conditions (feelings),
but much more on the intrinsic characteristics of the partners!
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Triangular Relationships (3/3

No. | Parameter Sensitivity Ranking Heatmap of Normalized Integral Balance Heatmap of Normalized Integral Balance

1 | A1 (Appeal of Kathe) 5.440395 20.0 200 1o
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Table 1: Parameters sensitivity ranking for producing positive LLEs.
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Love as a 6D dynamical system -
Sternberg’s “Triangular Theory of Love”

Romantic Love
Passion + Intimacy

Infatuation
Passion

Consummate

Intimacy + Passion + Commitment
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Sternberg, R.J. (1986). Atriangular theory of love. Psychological Review, 93(2), 119-135. https://doi.org/10.1037/0033-295X.93.2.119
ERBAS, K. C. (2022). Modeling Love with 4D Dynamical System. Chaos Theory and Applications, 4(3), 135-143. https://doi.org/10.51537/cha0s.1131966
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Reduction to a 4D Dynamical System —
Network Model

* Assumptions made:
o Omission of the commitment dimension for simplicity
o Small fully connected network (n=10, n(n-1)/2 number of edges!)

o Everyone knows (and is "in love" with) one another

= Unintentionally models bi/gay dating show where everyone competes for other
people's attention

= Optionto have everyone aware of each other's parameters (normalizing parameters)
-> small changes in network cause other people to adapt how they perceive other
people

= Network starts out deterministically random "love at first sight" (seed = 0 used)

ERBAS, Kadir Can. “Modeling Love with 4D Dynamical System.” Chaos Theory and Applications, vol. 4, no. 3, Akif Akgul, 30 Nov.2022, pp. 135-143.d0i:10.51537/chaos.1131966.
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Change in axx from -1 to 1, stepsize = 0.1, not changing anything else
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Final remarks:
Shortcomings of the Model

e Doesn’taccount for individual differences:

 sex differences,
* Psychological differences,
* Stochastic effects, etc

* Forthe 4D System:

* When normalizing the parameters, the simulation is "restarting" from the
beginning

* The system isn't chaotic, maybe different model needed
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