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ABSTRACT Dynamic modeling of romantic relationships explains the development of love/hate feelings
between two people over time with a system of differential equations. Rather than postulating an individual’s
emotions as a one-component feeling of love, this study assumed two-component feelings of intimacy and
passion. As a result of this assumption, relationship dynamics are represented by a four-dimensional system
of equations. The possible outcomes of this new 4D model were compared with the results of the classical
2D model and it was seen that they could give very different outputs. In addition, situations that cannot be
explained by classical models such as the end of passion in long-term relationships, relationships that turn
from friendship to love, and the reunion of couples after separation are interpreted.
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INTRODUCTION

The dynamic systems approach has been used for many years in
applied mathematics and physics to model the behavior of many
physical systems, such as the motion of planets (position and ve-
locity), mass-spring systems, oscillators, and electrical circuits.
Afterward, it expanded its field of use in the field of engineering
and gained a respectable place. An example of this is the solu-
tion of flow models, which are in the form of partial differential
equations, by converting them to systems of ordinary differential
equations (Shah et al. 2022) (Shahzad et al. 2023) (Bilal et al. 2021)
(Qureshi et al. 2022). In the last few decades, its use has become
widespread in disciplines such as biology, economics, and psy-
chology (Richardson et al. 2014). This study primarily scanned the
dynamic modeling efforts of the study of romantic relationships in
the literature, which are included in the field of psychology, and
aimed to make psychological theories and dynamical approaches
consistent with each other.

Psychologists have developed various theories to explain love.
According to Rubin, liking and loving are separate emotions. He
defines liking with feelings such as being appreciated, admired,
enjoying, spending time, and wanting to be with the partner. He
defines love as a more intense emotion with strong desires for phys-
ical contact and intimacy (Rubin 1970). The color wheel model
was developed by Lee in 1973 and according to Lee, there are three
main styles of love. These are EROS with physical and emotional
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passion, LUDUS with playful style, and STORGE, which combines
family love with friendship (Lee et al. 1988). In 1987, Hazan and
Shaver put forward the attachment theory, three styles of adult
attachment; she described them as "anxious-indecisive" who fears
that her partner does not love her, "avoidant" who has difficulty de-
veloping trust, and "safe" who has no fear of abandonment (Hazan
and Shaver 2017). According to Hatfield, there are two basic types
of love, compassionate and passionate. While mutual trust and
respect are at the forefront of tender love, deep feelings and sex-
ual attraction are at the forefront of passionate love (Hatfield et al.
1988).

One of the most popular love theories is the triangular love
theory developed by Sternberg in 1986. Three basic components of
love in this theory are named intimacy, passion, and commitment.
Intimacy encompasses the emotions that lead to the experience of
warmth in a loving relationship. Passion represents emotions that
lead to sexual attraction and romance. Finally, the commitment
component describes the determination to maintain the relation-
ship for a long time (Sternberg 1986).

There are also psychological studies on the relationship between
intimacy and passion. Baumeister and Bratslavsky reported that
passion is a function of the change in intimacy, hence the time
derivative of intimacy, and that there may be a positive or neg-
ative correlation between passion and intimacy within the same
relationship(Baumeister and Bratslavsky 1999). In addition, Ayku-
toğlu and Uysal state that they found evidence for the existence
of a relationship between intimacy and passion, and that phys-
ical attraction is effective on this relationship (Aykutoğlu 2015)
(Aykutoğlu and Uysal 2017).
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■ Table 1 Several models expressing the love dynamics between couples or love-triangle among triples.

1 ẋ1 = a1x1 (t) + b1x2 (t) ,
ẋ2 = b2x1 (t) + a2x2 (t) .

(Sprott 2004), (Erbaş
2022) and (Sunday et al.
2012)

2
ẋ1 = −α1x1 (t) + β1x2 (t) + γ1 A2,

ẋ2 = −α2x2 (t) + β2x1 (t) + γ2 A1.
(Rinaldi 1998b) and (Biel-
czyk et al. 2012)

3 ẋ1 = −α10x1 (t) + β10x2 (t) + F10 (t) ,
ẋ2 = −α20x2 (t) + β20x1 (t) + F20 (t) .

(Wauer et al. 2007) and
(Chen et al. 2016)

4

ṘJ = aRJ + b(J − G),

J̇ = cRJ + dJ,

ṘG = aRG + b(G − J),

Ġ = eRG + f G.

(Sprott 2004)

5
Ṙ = aR + bJ (1 − |J|) ,

J̇ = cR (1 − |R|) + dJ.
(Sprott 2004)

6
Ṙ = aR + bJ (1 − |J|) + y(t),

J̇ = cR (1 − |R|) + dJ + f (t) .
(Huang and Bae 2018a)

7 ẋ = RL (y (t)) + RA (A) (1 + B (x (t)))− αx(t) (Rinaldi and Della Rossa
2020)

8
ẋ1 = ax1 + bx2

(
1 − εx2

2
)

,

ẋ2 = dx2 + cx1
(
1 − εx2

1
)

.
(Barley and Cherif 2011)

9 ẋ1 = −α10x1 + β10
x2

1+ε0|x2| + F10,

ẋ2 = −α20x2 + β20
x1

1+ε0|x1| + F20.

(Wauer et al. 2007)

10
ẋ1 = −α1x1 (t) + ρ1 A2 + R1(x2),

ẋ2 = −α2x2 (t) + ρ2 A1 + R2(x1).
(Rinaldi et al. 2013a), (Ri-
naldi et al. 2010), (Rinaldi
et al. 2013b), (Liao and
Ran 2007), (?)

11

L̇ = −α1L + β1

[
P(1 − (P/γ)2) + AP

]
Ṗ = −α2P + β2

[
L + AL

1+δZ

]
Ż = −α3Z + β3P

(Rinaldi 1998a)

12

ṘJ = aRJ + b (J − G)
(

1 − (J − G)2
)

,

J̇ = cRJ

(
1 − R2

J

)
+ dJ − mJG,

ṘG = aRG + b(G − J)
(

1 − (G − J)2
)

,

Ġ = eRG
(
1 − R2

G
)
+ f G − nJG.

(Liu and Chen 2015)
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■ Table 2 continuation of Table 1

13

ṘJ = aRJ + b (J − G) (1 − |J − G|) ,

J̇ = cRJ
(
1 −

∣∣RJ
∣∣)+ dJ,

ṘG = aRG + b(G − J) (1 − |G − J|) ,

Ġ = eRG (1 − |RG|) + f G.

(Ahmad and El-Khazali
2007)

14
Dα

t u (t) = −ρ1u (t) + σ1v (t)
(
1 − ϵv2 (t)

)
+ φ1

Dα
t v (t) = −ρ2v (t) + σ2u (t)

(
1 − ϵu2 (t)

)
+ φ2

(Owolabi 2019), (Goyal
et al. 2019) and (Ozalp
and Koca 2012)

15 dαR/dtα = aR + bJ(1 − J) + 5sin(πt)
dβ J/dtβ = cR(1 − R) + dJ

(Huang and Bae 2018b)

16

dαRJ/dtα = aRJ + b sgn (J − G) ,

dβ J/dtβ = c sgn(RJ) + dJ,

dγRG/dtγ = aRG + b sgn(G − J),

dη G/dtη = e sgn(RG) + f G.

(Ahmad and El-Khazali
2007)

17

D2αx1 (t) = −α1x1 (t) + β1(x2 − x3)
(

1 − ε(x2 − x3)
2
)
+ γ1

D2αx2 (t) = −α2x2 (t) + β2x4
(
1 − εx2

1
)
+ γ2

D2αx2 (t) = −α2x3 (t) + β3x4
(
1 − εx2

4
)
+ γ3

D2αx4 (t) = −α1x4 (t) + β1(x3 − x2)
(

1 − ε(x3 − x2)
2
)
+ γ4

(Koca and Ozalp 2014)

18

CDΘ,ρ
t Mr (t) = βa + L2

r − L2
i + βc Mr,

CDΘ,ρ
t Mi (t) = 2Lr Li + βc Mi,

CDΘ,ρ
t Lr (t) = βb + M2

r − M2
i + βdLr,

CDΘ,ρ
t Li (t) = 2Mr Mi + βdLi.

(Kumar et al. 2021) and
(Jafari et al. 2016)

Dynamical modeling of romantic relationships has led re-
searchers in physics, mathematics, and engineering to the idea
of explaining the evolution of romantic relationships with a system
of differential equations. There is a consensus that the first attempt
at this was a short article published by Strogatz. Strogatz suggested
the following system of equations in the study of Romeo and Juliet
in which he tried to predict the love relationship (Strogatz 1988):

dR
dt

= −aJ and
dJ
dt

= bR (1)

In Equation 1, R(t) represents the quantity of Romeo’s love/hate
for Juliet and, J(t) represents the quantity of Juliet’s love/hate for
Romeo at time t. Here, a and b are the positive parameters that
characterize their romantic styles of the couple. After Strogatz, re-
searchers proposed more complex models to obtain the love/hate
evolution of individuals in a romantic relationship as a function of
time. In general, the models in the literature can be generalized by
Equation 2 (Erbaş 2022).

dx
dt

= f (x, y, t) and
dy
dt

= g (x, y, t) (2)

In this equation, the left-hand sides of the equation are the deriva-
tives with respect to time and the right-hand sides are functions
( f1 and f2) that explain the rate of change in their feelings with
instantaneous feelings and time. The models proposed by various
authors in their studies are summarized in Table 1. Same equations
are combined in the table so notations of the authors may be dif-
ferent from their original papers. The reader who wants to reach
detailed information about these studies can refer to the references
in the last column.

The first five rows in Table 1 are examples of homogeneous or in
homogeneous first-order systems of linear equation. Rows 5-10 are
nonlinear first order systems with two unknowns, rows 14 and 18
are systems of fractional order equations. In the literature, systems
of equations with more than two unknown functions have also
been used. The system of equations seen in row 11 deals with the
relationship of Laura and Petrarch. L(t) indicates Laura’s feelings
towards Petrarch, P(t) indicates Petrarch’s feelings toward Laura,
and Z(t) indicates Petrarch’s poetic inspiration.
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The four-dimensional models in rows 4, 12, 13 and 16-18 model
three-person romantic relationships, called love triangles. In the
love triangle model, Sprott assumes that Romeo has a mistress
named Guinevere and that she and Juliet do not know each other.
In this case, Romeo has two different affections or interests (RJ and
RG), while Juliet and Guinevere only have feelings for Romeo (J
and G).

While systems of fractional differential equations are used be-
tween lines 14-18, the feelings of individuals are modeled with
complex numbers in the last line. In line 18, Jafari and Sprott
represent feelings with complex numbers, while their fractional
derivatives are assigned as nonlinear functions of feelings (Jafari
et al. 2016). In studies of the dynamic analysis of love, the individ-
ual’s feeling for his partner is called love for positive values and
hate for negative values. In models that express emotions with
complex numbers, Jafari and Sprott consider the individual’s feel-
ings as a state of indecision in which love and hate coexist (Jafari
et al. 2016). But even this is far from the fact that the individual has
two-dimensional emotions that affect each other.

The triangular theory of love, which has a wide research
area in psychology, sees emotions in a romantic relationship as
two components (intimacy and passion) that affect each other.
Although this distinction has been accepted in the school of
psychology, there is, to our knowledge, no work in the school of
mathematics where dynamic calculations are made. To fill this
gap in the literature and to help interdisciplinary reconciliation
between psychology and mathematics, in this study, the dynamics
of the relationship between individuals with two-dimensional
feelings were modeled with a four-dimensional differential
equation system. This study, which is a first in this respect, aimed
to construct and test the simplest linear model. If this model is
developed;

• Relationships that minimal models cannot explain can be
explained more comprehensively,

• Relationships evolving from friendship to love can be
predicted,

• The situations of couples who come together after a long
separation are predictable.

MATHEMATICAL MODEL

In the studies on the dynamic modeling of love, the emotions of
the individual were handled as one-dimensional in the love/hate
range. This study aims to linearly model how individuals’ roman-
tic relationships evolve in a two-dimensional emotional state. For
this reason, a two-component emotional state, which is the inti-
macy of the individual to his/her partner and the deeper passions
he feels, has been determined as a function of time. The intimacy
and passion of x to his/her partner y are shown with xi(t) and
xp(t) respectively. For example, if the individual is in the emo-
tional state of (xi,xp) = (2,−1), she has sincere feelings towards
her partner and wants to spend time with him, but has no passions
and desires with him. That is, she does not feel romantic or sexual
desire.

Throughout the study, the emotions denoted by x and y will
represent the emotions of the fictional couples named Xena and
Yorgo. xi and xp will show Xena’s intimacy and passion for
Yorgo, and yi and yp will show Yorgo’s intimacy and passion
for Xena. Since an individual’s state of emotion is handled in
two components, four qualitative combinations can occur. These

combinations can be interpreted as follows according to the signs
of the components.

(xi,xp) = (+,+): Xena feels warm, close, and passionate
toward Yorgo. She enjoys spending time and being with him and
desires romance/sexuality with him.

(xi,xp) = (+,−): Xena has a good time with Yorgo and likes
him friendly. But they have no romantic or sexual desires toward
him.

(xi,xp) = (−,+): Xena does not find Yorgo close or sincere,
and even finds him boring. But she is fascinated by Yorgo’s charm
and desires him.

(xi,xp) = (−,−): Xena does not feel intimacy or passion
towards Yorgo. He does not enjoy spending time with her and
does not desire romance or sex with her.

In the two-component feeling of love modeling, it is clear that a
romantic relationship can be expressed with a total of four func-
tions. The simplest dynamic modeling of these four functions is
the linear differential equation system. In Equation 3, the intimacy
and passion of individuals x and y and their relationship with the
rate of change of these feelings are shown.

d
dt



xi

yi

xp

yp


=



axx axy bxx bxy

ayx ayy byx byy

cxx cxy dxx dxy

cyx cyy dyx dyy





xi

yi

xp

yp


(3)

In this equation, the parameters that make up the coefficients
matrix was defined in Table 3. After these parameters and initial
feelings of the couple are determined, readers can use the MAT-
LAB script in the Appendix to visualize the future of the relation.
How to comment on the visualizations is expressed in the Results
section.

RESULTS AND DISCUSSION

Results of some possible scenarios

To set an example for the model described above, a scenario was
prepared considering the characteristics of Xena and Yorgo when
they met. According to this scenario, the romantic styles of Xena
and Yorgo are shown in Table 3. The explanations of the parame-
ters in the tables are given. In the first interview, it was assumed
that both of them started with neutral emotions and the initial con-
dition was chosen as (0,0,0,0). The development of the relationship
starting from this condition over time is shown in Figure 1a. As
can be seen from this figure, as Xena’s sense of intimacy increases,
her passions decrease over time. On the contrary, Yorgo’s passion
for her increases as he gets colder from Xena.

One of the interesting features in this scenario is the influence
of individuals’ impressions on each other. When a small change is
made in the values shown in Table 3, the course of the relationship
changes. If Yorgo had found Xena sympathetic, that is, if fyx was
one instead of zero, the development of the relationship would
have been as in Figure 1b. In Figure 1b, while Yorgo’s intimacy
and passions increase over time.
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■ Table 3 Romantic styles of Xena and Yorgo.

axx = −0.2 Forgetting coefficient of the intimacy of Xena to Yorgo.

axy = −0.4 If Yorgo’s intimacy increases, Xena’s will decrease, and if it decreases, it will increase. If Xena’s partner shows
closeness/interest to her, Xena gradually loses her sense of intimacy.

bxx = +0.5 If Xena’s passion increases, her sense of intimacy increases, and if it decreases, it decreases. She is intimate with
someone she is passionate about. She might just want to fall in love.

bxy = −0.2 As Yorgo’s passion for Xena increase, Xena’s closeness to Yorgo decreases. When she realizes that Yorgo is not in
love, Xena increases her intimacy. Maybe she doesn’t want someone in love with her.

cxx = +0.3 Her passion increase when Xena feels close. Men with whom she does not feel close are not attractive, but men with
whom she feels sincere can be attractive.

cxy = +0.7 Intimate men are very attractive to Xena. Her passion for men who do not behave closely is significantly reduced.

dxx = −0.1 Forgetting coefficient of the passion of Xena for Yorgo.

dxy = +0.4 As Yorgo’s passion grows, so does Xena’s. A man who acts romantic may attract her.

fxy = +1.0 Xena’s impression of intimacy or friendship with Yorgo. Xena finds Yorgo intimate and friendly. She enjoys being friends
and spending time with him.

gxy = −1.0 Xena’s impression of glamorousness or attractiveness about Yorgo. Xena does not find Yorgo romantically or sexually
attractive.

ayy = −0.2 Forgetting coefficient of the intimacy of Yorgo to Xena.

ayx = +0.6 If Yorgo’s intimacy increases, Xena’s will decrease, if it decreases, it will increase. If Yorgo’s partner shows inti-
macy/interest to him, Yorgo increases his sense of intimacy.

byy = −0.5 If Yorgo’s passion increases, his sense of intimacy decreases, and if it decreases, it increases. He is intimate with
someone he is not passionate about. He might just want not to fall in love.

byx = +0.6 As Xena’s passion for Yorgo increases, Yorgo’s intimacy with Xena increases. When he realizes that Xena is not in love,
Yorgo decreases his intimacy. Maybe he wants someone in love with her.

cyy = −0.3 His passion decreases when Yorgo feels close. Women with whom he does not feel close are attractive, but women
with whom he feels intimacy are not attractive.

cyx = −0.1 Intimate women are not attractive to Yorgo. His passion for women who are close to him weakens a little.

dyy = −0.1 Forgetting coefficient of the passion of Yorgo to Xena.

dyx = −0.4 As Xena’s passion increases, Yorgo’s decreases. A romantic woman does not attract him.

fyx = +0.0 Yorgo’s impression of intimacy or friendship with Xena. Yorgo found Xena neither sympathetic nor antisympathetic.

gyx = +1.0 Yorgo’s impression of glamorousness or attractiveness about Xena. Yorgo finds Xena attractive. He desires her
romantically and sexually.
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Xena’s emotions show a similar development. However, as
Xena’s intimacy decreases initially and then increases, her passion
initially increases and then decreases. But they still enter into an
ideal relationship together. While the relationship shown in the
first case goes to the incompatible regions (2nd and 3rd quadrants)
in every sense, in the second case it goes to the best region. In
Figure 1a, while Zeyna wants to remain friends and not have emo-
tional relations, Yorgo wants an emotional relationship and refuses
to meet. In Figure 1b, they both enter into a friendly and passion-
ate relationship. What makes such a big difference is that Yorgo
doesn’t find Xena sympathetic. It can be said that the impressions
of individuals on each other affect the relationship very sensitively.

In another scenario, the romantic styles of our fictional char-
acters Xena and Yorgo are parameterized as in Table 4. In the
relationship that started according to these parameters, it can be
understood from Figure 2a that Xena wants friendship without
a romantic relationship and Yorgo seeks love, not intimacy. As
an example of Yorgo’s strategy for obtaining Xena, when the ayx
parameter is increased to -3, the relationship evolves as in figure 2b.
So if Yorgo exaggerates his avoidance of friendship, it may cause
Xena to desire him because a friendly man is not attractive to Xena,
but a man who avoids intimacy with her is attractive (cxy = −1).

Suppose that individuals with romantic styles in Table 3 meet
again after a long separation, but during this time their impressions
of each other, not their characteristics, have changed. Now both of
them have neutralized the impression of being close to each other
( fxy = fyx = 0), but their attraction has become gxy = 0.5 and
gyx = 0.7. How such an encounter would progress is shown in
Figure 3a. We can see that their feelings of intimacy are gradually
developing, but Yorgo’s passion first increases and then decreases,
while Xena’s passion increases steadily. In other words, ex-lovers
reconcile and become friends, but it can be said that while Xena
wants to try again, Yorgo does not take kindly to this.

When the matrix in Equation 3 is grouped and divided into
four sub-matrices, 2x2 matrices A, B, C, and D in Eqs.4 and 5 are
obtained. Matrices A and D respectively model the effect of intima-
cies on intimacies, while matrix D represents the effect of passions
on passions. The B matrix represents the influence of passions on
intimacy, and the C matrix represents the influence of intimacy on
passions. Situations, where there is no reciprocal cross-effect on
intimacies and passions, can be expressed by Equations 4 and 5. In
general, the studies seen in the literature are 2-dimensional. The
two-dimensional work done by ignoring the cross-interactions and
the four-dimensional study with the cross-interaction introduced
in this study are visualized with the data in Table 2, and the re-
sults are compared in Figure 3b. According to Figure 3b, intimacy
and passion follow a very different course when cross interactions
come into play.−→I′ 2x1

−→
P′

2x1

 =

Â2x2 B̂2x2

Ĉ2x2 D̂2x2


−→I 2x1

−→
P 2x1

+

−→f 2x1

−→g 2x1

 (4)

If B2x2=C2x2=0, then

−→
I′ 2x1 = Â2x2

−→
I 2x1 +

−→
f 2x1,

−→
P′

2x1 = D̂2x2
−→
P 2x1 +

−→g 2x1.
(5)

Discussion
When the results obtained here are discussed, perhaps the first
issue that comes to mind is how to determine the parameters that
determine romantic styles. The parameters explained in Table
2 can be obtained by surveys to be applied to individuals, by
observation, or by examining the past relationships of individuals.
But as this would be a thorny work in psychology, it is not covered
here. The signs of these parameters will give the romantic style of
the individual, but the question of how much is quite difficult to
answer.

Another issue that needs to be discussed is that the relationship
dynamics are linear. One might argue that a complex subject
such as human behavior cannot be modeled with linear systems.
Suggesting more complicated non-linear equations will of course
give results closer to reality, but the fact that a four-dimensional
structure is tried for the first time and measurement difficulties
in human emotions made it necessary to start with the simplest
model, the linear model. Moreover, the approximation of nonlinear
systems by linearizing them around fixed points is a commonly
used approximation technique. The model described here can
be said to be a model that approximately explains the evolution
of a short-term relationship around neutral emotions. It would
be appropriate to interpret the evolution of the relationship for
the first few days or a week or two. Otherwise, in long-term
developments, the model will deviate too much from reality.

To model the chaotic nature of love, it is necessary to construct
two-dimensional nonlinear and non-homogeneous or at least three-
dimensional nonlinear dynamic systems (Sprott 2010). Although
nonlinear studies have been tried in the studies in the literature, it
does not seem possible for a system with two unknowns to create
a chaotic system by itself. However, it has been determined that
chaos occurs when non-homogeneous terms are added.

In addition, since the love triangle models are expressed with
a system of equations with four unknowns, it has been observed
that four-dimensional nonlinear models can produce chaos (Kacar
et al. 2018; Wang et al. 2022). However, when the individual’s
feelings for his partner are divided into two intimacy and passion,
a nonlinear four-dimensional system alone can produce chaos.
There is no need for two-dimensional homogeneous systems as
Huang and Bae have pointed out (Huang and Bae 2018a) or for
the four-dimensional nonlinear love triangle dynamics as Liu and
Chen (Liu and Chen 2015). Even the simplest love affair can be
chaotic, with no outside human influence or involvement of a third
party.
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Figure 1 Evolution of the intimacy (black dot) and passion (red dot) between Xena and Yorgo according to the parameter in Table 3 with a)
fyx = 0 and b) fyx = +1.0.

Figure 2 Evolution of the intimacy (black dot) and passion (red dot) between Xena and Yorgo according to the parameter in Table 4 with a)
ayx = −1.0 and b) ayx = −3.0.

Figure 3 a) Intimacy (black dot) and passion (red dot) after a long separation ( fxy = fyx = 0, gxy = 0.5, gyx = 0.7), b) Grouping the matrix
according to Eqs.4 and 5.
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■ Table 4 Romantic Styles for Scenario 2

Xena axx=-1 axy=-1 bxx=+1 bxy=-2 cxx=-1 cxy=-1 dxx=-1 dxy=-1 fxy=+1 gxy=-1

Yorgo ayy=-1 ayx=-1 byy=-1 byx=+1 cyy=+1 cyx=+1 dyy=-1 dyx=+1 fyx=0 gyx=+1

CONCLUSION

As a result, in this study, emotions in a romantic relationship are
discussed in two dimensions, intimacy, and passion, which are
predicted by the triangular love theory. In cases where an indi-
vidual’s sense of intimacy influences his passion, results appear
very different from those predicted by classical one-dimensional
emotion models. In addition, it has been seen that the parame-
ters that determine the romantic styles of individuals and their
impressions of each other can affect the future of the relationship
quite sensitively. Finally, it can be said that romantic relationships,
which are seen as fragile in one-dimensional emotion models, are
more fragile in two-dimensional models.

APPENDIX

clear all; clc; close all;
% Input the parameters and initial conditions
axx= -0.2; axy= -0.4; bxx= +0.5; bxy= -0.2; cxx= +0.3; cxy= +0.7;
dxx= -0.1; dxy= +0.4; fxy=0; gxy=0.5;
ayy= -0.2; ayx= +0.6; byy= -0.5; byx= +0.6; cyy= -0.3; cyx= -0.1;
dyy= -0.1; dyx= -0.4; fyx=0; gyx=0.7;
xi0=-0.0; yi0=-0.0; xp0=+0.0; yp0=+0.0;
% Matrix and calculations. Do not type anything below
A=[axx axy bxx bxy;ayx ayy byx byy;cxx cxy dxx dxy;cyx cyy dyx
dyy]; B=[fxy;fyx;gxy;gyx];
f = @(t,x) A*[x(1);x(2);x(3);x(4)]+B;
[t,xa] = ode45(f,[0 4],[xi0 yi0 xp0 yp0]);
% Xena vs Yorgo. Black dot:intimacy, Red dot:passion
subplot(2,2,1)
%figure(1);
s1=scatter(xa(:,1),xa(:,2),40,t,’filled’); grid on; ax = gca;ax.XDir
= ’normal’;view(-31,14); xlabel(’Xena’,’FontSize’,16); yla-
bel(’Yorgo’,’FontSize’,16);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;hold
on;
s2=scatter(xa(:,3),xa(:,4),40,t,’filled’); grid on; ax = gca;ax.XDir =
’normal’;view(-31,14);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;
hold on;L1 = plot(xa(50,1),xa(50,2), ’ob’, ’MarkerSize’,7, ’Marker-
FaceColor’,’black’); axis tight;
hold on;L2 = plot(xa(50,3),xa(50,4), ’ob’, ’MarkerSize’,7, ’Marker-
FaceColor’,’red’); axis tight;
hold on; L3 = plot(xa(1,1),xa(1,2), ’ob’, ’MarkerSize’,7, ’MarkerFace-
Color’,’blue’);
hold on; L4 = plot(xa(1,3),xa(1,4), ’ob’, ’MarkerSize’,7, ’MarkerFace-
Color’,’blue’); view(2);
% Intimacy vs Passion. Black dot:Yorgo, Red dot:Xena
subplot(2,2,2)
%figure(2);
s3=scatter(xa(:,1),xa(:,3),40,t,’filled’); grid on;
ax = gca;ax.XDir = ’normal’;view(-31,14); xla-
bel(’intimacies’,’FontSize’,16); ylabel(’passions’,’FontSize’,16);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;hold
on;
s4=scatter(xa(:,2),xa(:,4),40,t,’filled’); grid on;

ax = gca;ax.XDir = ’normal’;view(-31,14);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;
hold on;L1 = plot(xa(50,1),xa(50,3), ’ob’, ’MarkerSize’,7, ’Marker-
FaceColor’,’r’); axis tight;
hold on;L2 = plot(xa(50,2),xa(50,4), ’ob’, ’MarkerSize’,7, ’Marker-
FaceColor’,’black’); axis tight;
hold on; L3 = plot(xa(1,2),xa(1,4), ’ob’, ’MarkerSize’,7, ’MarkerFace-
Color’,’blue’);
hold on; L4 = plot(xa(1,1),xa(1,3), ’ob’, ’MarkerSize’,7, ’MarkerFace-
Color’,’blue’); view(2);
% Intimacy of Xena vs intimacy of Yorgo vs passion of Xena.
subplot(2,2,3)
%figure(3);
s5=scatter3(xa(:,1),xa(:,2),xa(:,3),40,t,’filled’); grid on;
ax = gca;ax.XDir = ’normal’;view(-31,14); xlabel(’intimacy of
Xena’,’FontSize’,16); ylabel(’passion of Xena’,’FontSize’,16); zla-
bel(’passion of Xena’,’FontSize’,16);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;hold
on;
% Intimacy of Xena vs intimacy of Yorgo vs passion of Yorgo.
subplot(2,2,4)
%figure(4);
s6=scatter3(xa(:,1),xa(:,2),xa(:,4),40,t,’filled’); grid on;
ax = gca;ax.XDir = ’normal’;view(-31,14); xlabel(’intimacy of
Xena’,’FontSize’,16); ylabel(’passion of Yorgo’,’FontSize’,16); zla-
bel(’passion of Yorgo’,’FontSize’,16);
cb = colorbar;cb.Label.String = ’time’; cb.Label.FontSize = 14;
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142 | K.C Erbaş CHAOS Theory and Applications



Bilal, S., M. Rehman, S. Noeiaghdam, H. Ahmad, and A. Akgül,
2021 Numerical analysis of natural convection driven flow of a
non-newtonian power-law fluid in a trapezoidal enclosure with
a u-shaped constructal. Energies 14: 5355.

Chen, K., W. Liu, and J. Park, 2016 Modified models for love and
their dynamical properties. Miskolc Mathematical Notes 17: 119–
132.

Erbaş, K. C., 2022 Determination of romantic relationship cate-
gories and investigatıon of their dynamical properties. Chaos
Theory and Applications 4: 37–44.

Goyal, M., A. Prakash, and S. Gupta, 2019 Numerical simulation
for time-fractional nonlinear coupled dynamical model of ro-
mantic and interpersonal relationships. Pramana 92: 1–12.

Hatfield, E., R. J. Sternberg, and M. L. Barnes, 1988 Passionate
and companionate love. the psychology of love. Sternberg RJ &
Barnes MSL .

Hazan, C. and P. Shaver, 2017 Romantic love conceptualized as
an attachment process. In Interpersonal Development, pp. 283–296,
Routledge.

Huang, L. and Y. Bae, 2018a Analysis of chaotic behavior in a novel
extended love model considering positive and negative external
environment. Entropy 20: 365.

Huang, L. and Y. Bae, 2018b Chaotic dynamics of the fractional-
love model with an external environment. Entropy 20: 53.

Jafari, S., J. C. Sprott, and S. Golpayegani, 2016 Layla and majnun:
a complex love story. Nonlinear Dynamics 83: 615–622.

Kacar, S., Z. Wei, A. Akgul, and B. Aricioglu, 2018 A novel 4d
chaotic system based on two degrees of freedom nonlinear me-
chanical system. Zeitschrift für Naturforschung A 73: 595–607.

Koca, I. and N. Ozalp, 2014 On a fractional order nonlinear dy-
namic model of a triadic relationship. Journal: Journal of Ad-
vances in Mathematics 5.

Kumar, P., V. S. Erturk, and M. Murillo-Arcila, 2021 A complex
fractional mathematical modeling for the love story of layla and
majnun. Chaos, Solitons & Fractals 150: 111091.

Lee, J. A. et al., 1988 Love-styles. The psychology of love pp. 38–67.
Liao, X. and J. Ran, 2007 Hopf bifurcation in love dynamical mod-

els with nonlinear couples and time delays. Chaos, Solitons &
Fractals 31: 853–865.

Liu, W. and K. Chen, 2015 Chaotic behavior in a new fractional-
order love triangle system with competition. J. Appl. Anal. Com-
put 5: 103–113.

Owolabi, K. M., 2019 Mathematical modelling and analysis of
love dynamics: A fractional approach. Physica A: Statistical
Mechanics and its Applications 525: 849–865.

Ozalp, N. and I. Koca, 2012 A fractional order nonlinear dynamical
model of interpersonal relationships. Advances in Difference
Equations 2012: 1–7.

Qureshi, Z. A., S. Bilal, U. Khan, A. Akgül, M. Sultana, et al.,
2022 Mathematical analysis about influence of lorentz force and
interfacial nano layers on nanofluids flow through orthogonal
porous surfaces with injection of swcnts. Alexandria Engineering
Journal 61: 12925–12941.

Richardson, M. J., R. Dale, and K. L. Marsh, 2014 Complex dy-
namical systems in social and personality psychology: Theory,
modeling, and analysis. .

Rinaldi, S., 1998a Laura and petrarch: An intriguing case of cyclical
love dynamics. SIAM Journal on Applied Mathematics 58: 1205–
1221.

Rinaldi, S., 1998b Love dynamics: The case of linear couples. Ap-
plied Mathematics and Computation 95: 181–192.

Rinaldi, S. and F. Della Rossa, 2020 From individual traits to cou-

ple behavior. International Journal of Bifurcation and Chaos 30:
2050219.

Rinaldi, S., F. Della Rossa, and P. Landi, 2013a A mathematical
model of “gone with the wind”. Physica A: Statistical Mechanics
and its Applications 392: 3231–3239.

Rinaldi, S., P. Landi, and F. D. ROSSA, 2013b Small discoveries
can have great consequences in love affairs: the case of beauty
and the beast. International Journal of Bifurcation and Chaos 23:
1330038.

Rinaldi, S., F. D. Rossa, and F. Dercole, 2010 Love and appeal in
standard couples. International Journal of Bifurcation and Chaos
20: 2443–2451.

Rubin, Z., 1970 Measurement of romantic love. Journal of person-
ality and social psychology 16: 265.

Shah, I. A., S. Bilal, A. Akgül, M. T. Tekin, T. Botmart, et al., 2022 On
analysis of magnetized viscous fluid flow in permeable channel
with single wall carbon nano tubes dispersion by executing
nano-layer approach. Alexandria Engineering Journal 61: 11737–
11751.

Shahzad, A., M. Imran, M. Tahir, S. A. Khan, A. Akgül, et al.,
2023 Brownian motion and thermophoretic diffusion impact on
darcy-forchheimer flow of bioconvective micropolar nanofluid
between double disks with cattaneo-christov heat flux. Alexan-
dria Engineering Journal 62: 1–15.

Sprott, J., 2004 Dynamical models of love. Nonlinear dynamics,
psychology, and life sciences 8: 303–314.

Sprott, J. C., 2010 Elegant chaos: algebraically simple chaotic flows.
World Scientific.

Sternberg, R. J., 1986 A triangular theory of love. Psychological
review 93: 119.

Strogatz, S. H., 1988 Love affairs and differential equations. Mathe-
matics Magazine 61: 35–35.

Sunday, J., D. Zirra, and M. Mijinyawa, 2012 A computational
approach to dynamical love model: The romeo and juliet sce-
nario. International Journal of Pure and Applied Sciences and
Technology 11: 10.

Wang, X., Y. Feng, and Y. Chen, 2022 A new four-dimensional
chaotic system and its circuit implementation. Frontiers in
Physics p. 376.

Wauer, J., D. Schwarzer, G. Cai, and Y. Lin, 2007 Dynamical models
of love with time-varying fluctuations. Applied Mathematics
and Computation 188: 1535–1548.
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