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The study of relationship emotions, a set of emotional and psychological responses that arise in a relationship, can
help develop more humanized artificial intelligence, improve human—computer interaction, and even create more immersive
experiences in virtual and augmented reality. Due to the nonlinear and feedback-driven nature of relational affect, which
aligns closely with chaos theory, and the ability of leaky integrate-and-fire (LIF) neuron models to simulate dopamine-
related electrical activity in brain nuclei, this study innovatively integrates both approaches. By linking the membrane
potential signals of LIF neurons to relational affect equations, it achieves a refined modeling of the mechanisms underlying
relational affect generation. This paper adds the LIF neuron model to the relationship emotion model to construct a new
LIF relationship emotion model (LRM). The effect of the parameters in the LRM on the relationship emotions generated
by the model is investigated using numerical analysis. This includes the firing behavior produced by LIF neurons and a
study of relationship emotions produced by different initial relationship emotion states under the same conditions. Finally,
the feasibility of LRM is verified using a digital signal processing (DSP) platform. This process not only verifies the
feasibility of LRM but also provides new ideas and methods for future research in affective computing and human—computer

interaction.
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PACS: 05.45.Gg, 05.45.Jn
DOI: 10.1088/1674-1056/ae27b6

1. Introduction

Love is a complex emotional encounter, a distinctive yet
universal sentiment,!'! involving love, passion, intimacy, and
attachment. Being in love is not only about physical attrac-
tion but also about mental and emotional connection.?3! The
brain secretes large amounts of dopamine when producing the
emotion of love.*l Dopamine is a neurotransmitter secreted by
the brain, mainly in the central nervous system and peripheral
nervous system; it is involved in regulating the body’s emo-
tions, movement, and physiological functions, and also regu-
lates the cardiovascular system.!] The nucleus accumbens is
a round, flat structure that acts as the stimulus control cen-
ter of the brain.[®! It accelerates the production of dopamine,
which fills the brain with a sense of well-being, euphoria, and
desire. As dopamine levels increase, euphoria and desire in-
tensify. When dopamine reaches a certain level, the individ-
ual exhibits love behavior.!”) Understanding relationship emo-
tions helps people to identify and manage them better and re-
duces the incidence of anxiety and depression.®! Research has
shown that positive emotional experiences can enhance men-
tal health, while negative emotions can lead to psychological
problems.! Tt is also possible that research in areas such as

fCorresponding author. E-mail: xuxiany @dlpu.edu.cn
fCorresponding author. E-mail: liuxiaod@dlpu.edu.cn

CSTR: 32038.14.CPB.ae27b6

psychology and neuroscience can help develop new treatment
programs, such as affective therapy and emotion regulation

tools.10-12

1 Meanwhile, in the fields of artificial intelligence
and human—computer interaction, understanding human emo-
tions can help create more emotionally intelligent systems.
Therefore, the study of relationship emotions is of great im-
portance.

The process of creating relationship emotions is highly
analogous to chaos theory. A romantic relationship can be
viewed as a complex system involving the interaction of emo-
tional, behavioral, and environmental factors of two or more

(131 In chaos theory, small changes can trigger

[14-16

individuals.
large changes in the system, I similar to how, in a relation-
ship, minor frictions or misunderstandings in communication
can lead to dramatic swings in emotions. Emotional changes
in love are often non-linear, and fluctuations may be influenced
by many non-linear factors, such as personal experience, ex-
ternal pressure, and the social environment. This is consistent
with chaos theory, which states that small differences in ini-
tial conditions can produce different outcomes.!!”! Chaos the-
ory emphasizes uncertainty and unpredictability in complex

S.[18—20

system I In a relationship, emotions are often fraught
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with variables, and the behavior and reactions of both parties
cannot be fully predicted.?! This unpredictability makes re-
lationships full of surprises and challenges, sometimes lead-
ing to unexpected results. There are many feedback mecha-
nisms in romantic relationships; for example, the behavioral
and emotional responses of partners affect each other, creating
positive or negative feedback.[??! This cycle is an important el-
ement in chaos theory, emphasizing the interplay of dynamical

[23-26 Tn general, chaos theory provides a

changes in a system.
new perspective for understanding relationship emotions and
allows us to explore the complexities and dynamics of rela-
tionships in greater depth.>’-32!

Many researchers have established mathematical models
of love based on chaos theory to study love emotions.3>=" In
2005, a general model of happiness was proposed by Sprott
et al.3¥ By studying the dynamic behavior and properties
of the model, it was found that the existence of chaos im-
plies a certain degree of unpredictability within the dynamic
model of happiness. The model has been applied to many
In 2011, Barley et
al.B3%! examined the nonlinear dynamics of romantic relation-

scenarios for research and illustration.

ships. They found that such relationships can be influenced
by various factors, including individual emotions, communi-
cation styles, and environmental changes, and that these fac-
tors tend to be nonlinear and interact with each other. Exist-
ing chaos theory-based models of love predominantly focus
on macro-level emotional dynamics, failing to integrate the
physiological foundations at the neuronal level. This results in
an insufficient linkage between the models and the biological
mechanisms underlying genuine emotional experiences, cou-
pled with an inadequate parametric representation of individ-
ual differences, such as self-worth and partner support. This
paper combines their research to make the feedback of the re-
lationship model more reasonable by integrating it with the
mathematical model of leaky integrate-and-fire (LIF) neurons.
The improved love emotion model can be used to study the
generation of love emotion through individual neuron param-
eters, self-value, support for love objects, and other aspects.
The model is also used to explain a variety of relationship phe-
nomena.

In summary, there is a great need for research on rela-
tionship emotions, and to make the relationship model more
complete, we combine it with the LIF neuron model that rep-
resents the hippocampus and apply it to research relationship
phenomena. The methodology used in this paper to study rela-
tionship emotions is described in Section 2. The relationship
model of this paper and its topology are described in detail
in Section 3. The effects of various parameters with different
meanings on relationship emotions are analyzed in detail in
Section 4. The feasibility of the simulation is verified using a
digital signal processing (DSP) platform in Section 5, which

lays the foundation for future integration with artificial intelli-
gence, machine learning, and other digital technologies.

2. Methodology

This paper adds two LIF neuron models, representing a
male and a female, to the romantic relationship model. The
love signals produced by the other person are combined with
their own signals as the stimulus signals in the LIF. The results
produced by each iteration of the LIF neuron model represent-
ing a male and a female are incorporated into A; and A5 in the
relationship equation, enhancing the relevance of each system
dimension.

Define “cycle” as two people not in a romantic mood and
“chaos” as two people in a romantic mood.*”) The initial value
represents the initial state of the two people’s romantic emo-
tions. By varying the corresponding parameters, it is possible
to investigate whether people with different personalities and
states can develop romantic feelings.

3. The establishment of a love model
3.1. Two-way love model

Two LIF neuron models are used to simulate the activity
of brain nuclei of two individuals. The brain receives emo-
tional stimuli from the partner, and the brain nuclei acceler-
ate the secretion of dopamine, stimulating the corresponding
behavior of the individuals. The topology of the relationship
emotion model proposed in this paper is shown in Fig. 1.

———————————

y‘y

Fig. 1. Topology of relationship generation.

The LIF neuron model is a mathematical model used
to simulate the behavior of biological neurons. It simulates
changes in neuronal membrane potential through a simplified
electrical circuit. Membrane potentials vary over time and are
affected by input signals and their intrinsic dynamics. The fol-
lowing equation describes its dynamic behavior:

V(i+1)=—(V(i) = Vies) + RI(2). )]

Here, V(i) is the membrane potential, Vg is the resting po-
tential, R is the membrane resistance, /(¢) is the input cur-
rent, and 7 is the time constant. The model is designed to
simulate the electrical activity and spike-generation behavior
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of neurons. This model combines the dynamics of neuronal
membrane potentials with the mechanism of pulse (or action
potential) generation.

Relationship emotions occur between two independent
individuals; therefore, at least two dimensions are required
when constructing a mathematical model of relationship emo-
tions. In this regard, this paper proposes a two-dimensional
relationship emotion model as follows:

X1 = —eX) + gsin (Xg(l —hAlz)) ,

X iXo +k —1 @
2 =—jX2+ 1_~_67X1(1*h1A22) )

where e and j are non-negative numbers representing the ex-
tent to which an individual internalizes self-worth. g and
k indicate the level of support provided by the partner. X;
and X, represent the emotional intensities of the male and
female partners, respectively, while A; and A; correspond to
the membrane potential dynamics of LIF neurons, directly re-
flecting the electrical activity associated with dopamine se-
cretion in the nucleus accumbens. A; and A, are real num-
bers. Combining Egs. (1) and (2), since gsin(X»(1 — hA?))
and k { /[1+ e’Xl(l’hlA%)]} denote the response to passion,
and passion is generated by the stimuli provided by the love
object, let A| and A, represent the membrane potentials of the

(a) o >

)

other LIF neuron, respectively. The final mathematical model
of the relationship is shown below:

x=—1(x—b)+LiRsin(y+2),
. 1 1 1
y=—c—d)+ R [W} ;

t=—ez+gsin(w(l—hy?)), )

w]'w+k[1} :

l+efz(17h1x2)

3.2. Regretful love model

In a relationship between two people, although one per-
son may express positive emotional signals, the other person
does not necessarily provide positive feedback and may even
feel disgusted. Therefore, the relationship emotion model is
designed to represent not only situations in which two peo-
ple are mutually in love, but also situations in which the rela-
tionship is imperfect. The topology of imperfect relationship
emotions is shown in Fig. 2. The topology corresponding to
males liking females while females dislike males is shown in
Fig. 2(a); the topology corresponding to females liking males
while males dislike females is shown in Fig. 2(b); and the
topology corresponding to males and females having no fa-
vorable feelings toward each other is shown in Fig. 2(c).

(c) (//7\\

€
. %9, \MQ

Fig. 2. Topology of the regretful love model. (a) Males like females, while females dislike males. (b) Females like males,

while males dislike females. (c) Both parties dislike each other.

4. Chaos in the relationship emotions
4.1. Effect of film resistor R > on the system

The combination of membrane resistance, capacitance,
and time constant determines the propagation speed of ac-
tion potentials. High membrane resistance is usually accom-
panied by slower signaling. Therefore, it is necessary to an-
alyze the membrane resistance. The parameters are selected
asa=09 b=-55c=5d=-2,e=0.1, g=1.08,
h=1,h=1 =09, k=1, R =9, and R, = 12. With
the LEs and BD representing the changes in membrane re-
sistance R; of female LIF neurons, as shown in Fig. 3,41l
the relationship emotion system is in a chaotic state when
R € (8.86,9.09) U (9.2,14.6), and perfect relationship out-
comes are reached when the membrane resistance R is within
this range. The relationship emotion system is in a cyclic state
when R; € (8,8.86) U (9.09,9.2) U (14.6,15), and perfect re-
lationship outcomes are not achieved when the membrane re-
sistance R; is in this range.

The attractor generated by changes in membrane resis-

tance R; is shown in Fig. 4. The periodic attractor with
R; = 8.5 is shown in Fig. 4(a), and the chaotic attractors with
R1 =9 and 14 are shown in Figs. 4(b) and 4(c).

With LEs and BD representing the changes in membrane
resistance R, of male LIF neurons, as shown in Fig. 5, a
wide range of cyclic phenomena occurs as R; varies in this
relationship-emotion system. Chaos occurs only to a lesser
extent with changes in R, meaning that a perfect relationship
is reached under those conditions. This phenomenon is con-

sistent with social observations. 42
(a) 0.5 (b) 4
[Wr\‘vm
0
Y LE2 -\ 2
—0.5
B
] 3 0
= _1.0
—1.5 —2
LE4 4
—2.0 10 12 14 8 10 12 14
R, R,

Fig. 3. LEs and BD as membrane resistance R; increases in female LIF
neurons. (a) LEs. (b) BD.
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Fig. 4. Attractors with increasing membrane resistance R; in female LIF neurons. (a) Ry =8.5. (b) Ry =9. (¢) R = 14.

_®

12 13

Ry

14

15

13
Ry

12 14 15

Fig. 5. LEs and BD as membrane resistance R, increases in male LIF neurons. (a) LEs. (b) BD.

0.7 0.8 0.6
(a) (b) ()
0.6
0.6 0.5
3 05 3 3
0.4 0.4
0.4
0'3—4 -2 0 2 0'2—6 —4 -2 0 2 0.3 —4 —2 0 2
xT T T

Fig. 6. Attractors with increasing membrane resistance R, in male LIF neurons. (a) Ry = 11.7. (b) R, = 12.5. (c) R, = 14.

The attractors generated as the membrane resistance R,
varies are shown in Fig. 5. The periodic attractors at R, = 11.7
and 14 are shown in Figs. 6(a)-6(c), and the chaotic attractor
at R, = 12.5 is shown in Fig. 6(b).

4.2. Firing patterns of the system

Understanding neuronal firing patterns can help design
more effective brain-computer interfaces (BCIs) and facilitate
the integration of neuroscience and engineering.*3~7! The fir-
ing patterns of neurons are closely related to learning and
memory, providing insight into the biological basis of these
processes. In this paper, some interesting electrical discharges
are observed during the analysis of parameters in LIF neurons
representing males and females. The selected parameters are
a=09,b=-55c=5d=-2,g=108, h=1,h =1,
j=09k=1,R =9,and R, = 12.

When e = 0, the x-sequence (red), representing the fe-
male, and the y-sequence (green), representing the male, ex-
hibit cyclic burst discharge behavior, as shown in Fig. 7(a).
When e = 0.1, the x and y sequences undergo chaotic burst
discharge behavior, as shown in Fig. 7(b). When e = 0.2, peri-
odic spike discharge behavior occurs in the x and y sequences,
as shown in Fig. 7(c).

(a) 4 T T T
> 2F
0
8 —2F
—4 L L L
100 150 200 250 300
t
(b) 5 , , ,
=
0 a
8
_5 1 1 1
100 150 200 250 300
t
(c) 5 . . .
=
0 I I
. 1
_5 1 1 1
100 150 200 250 300
female  male

Fig. 7. Firing pattern diagrams of the LIF neuron model in this system.
(a) Cyclic burst discharge (e = 0), corresponding to emotional stagnation
under a lack of self-worth. (b) Chaotic burst discharge (e = 0.1), corre-
sponding to dynamic emotional interaction under healthy self-worth. (c)
Cyclic spike discharge (e = 0.2), corresponding to emotional rigidity un-
der excessive self-worth (selfishness).
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4.3. The effect of the degree of self-worth on the emotions
of relationships

People with a high sense of self-worth usually show more
confidence in social interactions, which in turn creates a pos-
itive attraction to others, making their socialization smoother
and more successful. The same principle applies when two
people are in love. Therefore, it is necessary to analyze and
explain the parameters that represent the sense of self-worth
in the relationship emotion system.

The LEs and BD that indicate an increase in the female’s
sense of self-worth e are shown in Fig. 8. As observed in
Fig. 8, the system is in a cyclic state when the female’s sense of
self-worth e = 0, indicating that relationship emotions do not
arise when there is no sense of self-worth. When e € (0,0.12),
the relationship emotion system is almost always in a chaotic
state, and the probability of generating relationship emotions
is very high within this range. When e € (0.12,0.15), the sys-
tem returns to a cyclic state, as the sense of self-worth becomes
particularly high, evolving from self-confidence to ego. This
is consistent with the observation that relationship emotions

are difficult to produce in egoistic personalities.

rJT T —LE1
LE2

(a) 0.5
0

(b)
1.0

—0.5
2 -1.0

-15

a0 LE4

% 005 0.0 o150 005 0.10 0.15

Fig. 8. LEs and BD as the female’s sense of self-worth increases. (a) LEs.
(b) BD.

When the self-worth parameter e = 0, the z—w attractor,
representing the emotion of love, is in a cyclic state, as shown
in Fig. 9(a). In this case, the female in the system fails to
produce the emotion of love due to low self-esteem. The z—
w attractor for relationship emotions when e = 0.1 is shown in
Fig. 9(b), and relationship emotions are successfully generated
under this level of self-worth. When e = 0.12, no relationship
emotion occurs because the sense of self-worth is too high and
the personality shifts from self-confidence to ego; the corre-
sponding z—w attractor is shown in Fig. 9(c).

" ") e
0.6 0.6 0.6
3 3 3
0.5 0.4 0.4
0.4 0.2 0.2
—1.0 —0.5 0 0.5 —1.0 —0.5 0 0.5 —1.0 —0.5 0 0.5
z z z
Fig. 9. Attractors as the female’s sense of self-worth increases. (a) e = 0. (b) e =0.1. (c) e =0.12.

1 @ 10. (b) Jj, representing the male’s sense of self-worth, as shown in
0 e o Fig. 10. The system does not operate properly when j €
4 i LE: (0,0.1), indicating that males with low self-esteem have diffi-
-1.0 % culty developing relationship emotions. When j € (0.1,0.91),
vo . dical o r——— the relationship emotion system is almost always in a chaotic
02 04 06 08 1.0 02 04 06 L0 1.2 state, suggesting that this range is most conducive for males

J

0.8
J

Fig. 10. LEs and BD as the male’s sense of self-worth increases. (a) LEs.

(b) BD.

The LEs and BD indicate an increase in the parameter

to generate relationship emotions. When j € (0.91,1.2), sim-
ilar to the female parameter e, the sense of self-worth is ex-
cessively high, evolving into ego, and it becomes difficult to
develop relationship emotions.

2.0 1.2 0.7
(a) (b) ()

1.9 1.1 0.6

1.8
3 3 1.0 3 0.5

1.7

1.6 0.9 0.4

1.5 0.8 0.3

—0.6 —0.4 —-0.2 O 0.2 04 —1.5 —1.0 —0.5 0 —1.0 —0.5 0 0.5

z

z z

Fig. 11. Attractors as the male’s sense of self-worth increases. (a) j = 0.23. (b) j=0.7. (¢) j=1.
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Along with the z—w attractor indicating changes in the
male’s sense of self-worth is shown in Fig. 11. The z—w attrac-
tor when j = 0.23 is shown in Fig. 11(a), successfully gener-
ating relationship emotions under this level of self-worth. The
z—w attractors when j = 0.7 and j = 1 are shown in Figs. 11(b)
and 11(c), respectively.

4.4. The effect of partner support on relationships

In the course of a relationship between two people, in ad-
dition to self-confidence, the partner’s support is also neces-
sary. Therefore, it is important to analyze the level of part-
ner support. When the parameter g = 0, representing the
level of female support, is considered, the relationship emotion
curves between males and females are shown in Fig. 12(a).
The curves fluctuate slightly for a short period and then set-
tle down. The relationship emotion curve when the param-
eter k = 0, representing the level of male support, is shown
in Fig. 12(b); it exhibits behavior similar to that when g = 0.
These results indicate that relationship emotions cannot arise
without the support of either party.

Lol@ Lof (b)

w
w

Female 0

Female

0 500 1000 1500 2000 0 500 1000 1500 2000
t t

Fig. 12. Relationship emotion curves at different levels of partner sup-
port. (a) Female support level g = 0. (b) Male support level k = 0.

(2)

0.4 0.14
(b)
0.5 0.2 0.12
6]
= 0 0 - 0.10
= 3
—0.2 0.08
—-0.5
1.5 _ 0.06
1.0 04
k 0.04
00 g —3.0 —2.8 —2.6
z
0.8
(c) 1.5} (d)
0.6
3 ® 10
0.4
0.5
0.2
—1.0 —0.5 0 0.5 -3 -2 -1 0
z z

Fig. 13. Bi-parameter LEs and attractors with increasing partner support.
(a) Bi-parameter LEs. (b) g =0.6,k=0.2.(c)g=1,k=1.(d) g=1.1,
k=1.5.

Lower partner support also affects relationship emotions,
so it should be examined in more detail. The bi-parameter LEs
that increase with the parameters g and k, indicating the levels
of support from the partners, are shown in Fig. 13(a). This re-
lationship emotion system experiences a large range of chaos
when male support levels g € (0.81,1.1) and female support
levels k € (1,1.5), suggesting that relationship emotions are
more likely to stabilize and develop successfully within this

range. The z—w period attractor for relationship emotion when
g =0.6 and k = 0.2 is shown in Fig. 13(b), which fails to
produce relationship emotions under this set of support lev-
els. The z—w chaotic attractors wheng=1,k=1and g=1.1,
k = 1.5 are shown in Figs. 13(c) and 13(d), where the two
parties support each other, develop mutual affection, and the
relationship is successful.

4.5. Male and female without love for each other

It is also possible to fail to develop relationship emotions
even when both self-confidence and support are present. Since
relationship emotions arise only between individuals who re-
ciprocate affection, if Individual A never develops relation-
ship emotions toward Individual B, Individual B is unlikely to
elicit emotions from A regardless of effort. This phenomenon
is studied by controlling the initial values. Let the initial value
be (x,y,z,w) = (a,B,0,7) (o, B are real numbers, y > 0),
k =0, and let the other parameters take arbitrary values to indi-
cate that the male prefers the female while the female dislikes
the male. The relationship emotion curve for the female is
shown in Fig. 14(a), corresponding to the relationship topol-
ogy in Fig. 2(a). The curve shows that female relationship
emotion returns to calm after a brief fluctuation. Similarly,
let the initial value be (x,y,z,w) = (04, B1,%,0) (o, i real,
N > 0), g =0, and let other parameters be arbitrary to indicate
the female prefers the male while the male does not choose
the female. The male’s relationship emotion curve is shown
in Fig. 14(b), corresponding to the relationship topology in
Fig. 2(b); it eventually returns to calm. There is also a sit-
uation where both individuals dislike each other, defined as
g =k =0and z=w = 0. In this case, the relationship emotion
curve is shown in Fig. 14(c), corresponding to the relationship
topology in Fig. 2(c). This system rationalizes these phenom-
ena through numerical analysis.

4.6. Different initial relationship emotions produce differ-
ent results

This section examines how initial relationship emotions
affect outcomes when one individual initially lacks emotions
and parameters vary without changing other conditions. The
parameters are chosen as a =09, b= —-55,¢c=5,d = -2,
e=0.1,g=108,h=1,h1=1,j=09,R =9,Ry =12. De-
fine (1,5,2,0) as the initial state where the male lacks relation-
ship emotion and (1,5,0,2) for a female with no initial emo-
tion. The BD with increasing female support k in these two
states is shown in Fig. 15(a), demonstrating that different ini-
tial states under identical conditions produce completely dif-
ferent relationship emotions. The z—w attractor when k = 1 is
shown in Fig. 15(b), where the initial state (1,5,2,0) produces
no relationship emotion. The z—w attractor when k = 1.23 is
shown in Fig. 15(c), with both initial states generating rela-
tionship emotions. The z—w attractor when k = 1.88 is shown
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in Fig. 15(d), and the initial state (1,5,0,2) produces no rela-
tionship emotion.

(a) (b)
n h 3
0 10 20 30 40 w=5 B
t —_w=25 zZ=9
—w=145 t 2=25
. 0 20 40 60 80 z=45
0 500 1000 1500 2000 0 500 1000 1500 2000
t t
(c) 1.0 1.0
0.5 0.5
n 0 Wad ® 0
Female
—0.5 —0.5
—1.0 -1.0
0 500 1000 1500 2000 0 500 1000 1500 2000

t t

Fig. 14. Relationship emotion fluctuation graphs when partner support
and favorability are absent. (a) Relationship curve corresponding to
Fig. 2(a). (b) Relationship curve corresponding to Fig. 2(b). (c) Rela-
tionship curve corresponding to Fig. 2(c).

(1.5.2,0)

1 \\ //

0.8} (1502

0.6
0.5 -2 -1 0 1

()

Fig. 15. Relationship emotion outcomes from different initial emotional
states. (a) Coexistence branch diagram (BD). (b) k = 1. (¢) k = 1.23. (d)
k=1.88.

5. DSP implementation

DSP provides higher computational accuracy, is less sus-
ceptible to human factors, exhibits better resistance to noise
and interference, and lays a foundation for future integra-
tion with artificial intelligence, machine learning, and other
digital technologies. Therefore, it is necessary to verify the
chaotic relationship emotion system using DSP. The process
of connecting the DSP hardware in this study is shown in
Fig. 16(a). The program is downloaded from a computer to the
TMS320F28335 processor. The DAC8552 digital-to-analog
converter transforms the digital signals generated by the pro-
cessor into analog signals, which are then output to an oscillo-
scope. The DSP and the oscilloscope display of the attractor
are shown in Fig. 16(b). The different outputs of the DSP are
shown in Fig. 16(c).

Computer

-

+

Fig. 16. DSP implementation results. (a) Hardware implementation steps.
(b) DSP and oscilloscope display of the attractor. (c) Different attractors
obtained from the DSP.

6. Conclusion

In this paper, the LIF neuron model is incorporated into
the relational sentiment model to construct a new LIF rela-
tionship emotion model (LRM). Chaotic phenomena indicate
the generation of relationship emotions, while cyclic phenom-
ena indicate the absence of such emotions. Through numerical
analysis, it was found that the LRM exhibits chaotic behavior
when the membrane resistance R of the female LIF neuron
is within an appropriate range, corresponding to the formation
of a successful relationship. For the membrane resistance R»
of the male LIF neuron, a wider range of cyclic phenomena is
observed, which aligns with the observation that males tend to
rely more on logic and rationality in social interactions and are
relatively less sensitive to emotional fluctuations.

The effect of the degree of self-worth on relationship
emotions is also analyzed. It is found that when the sense of
self-worth lies within a certain range, the LRM is in a chaotic
state, generating relationship emotions. When the sense of
self-worth is too high, the LRM exhibits cyclic behavior, and
relationship emotions fail to emerge. The effect of partner sup-
port on relationship emotions is further examined. The LRM
produces relationship emotions when support levels are within
an appropriate range, whereas insufficient support prevents the
emergence of such emotions. Finally, the absence of mutual
affection is investigated. By controlling the initial conditions,
it is observed that different initial relationship emotion states
lead to completely different outcomes under identical parame-
ters.

In summary, by introducing the LIF neuron model into
the relationship model and analyzing each parameter in detail,
this paper provides new methods and perspectives for studying
relationship emotions. This work contributes to a better un-
derstanding and management of relationship emotions and in-
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forms the design of artificial intelligence and human-computer

interaction systems.

Acknowledgments

This work was supported by the National Natural Sci-

ence Foundation of China (Grant No. 62571079), the Doc-
toral Research Startup Fund Program Project of Liaoning
Province (Grant No. 2025-BS-0471), the Basic scientific
research projects in department of education of Liaoning
Province (Grant No. LJ212410152011), and the Research
startup fund project for introducing talents of Dalian Polytech-
nic University (Grant No. LIBKY2025070). .

References

(1]
(2]

[3]
(4]

(3]
(6]
(7]
[8]
[9]
[10]
[11]
[12]

[13]
[14]

[15]
[16]

[17]

Zeki S 2007 FEBS Lett. 581 2575

Stanley S M, Rhoades G K and Whitton S W 2010 J. Fam. Theory Rev.
2243

Collins W A 2003 J. Res. Adolesc. 13 1

Acevedo B P, Aron A, Fisher H E and Brown L L 2012 Soc. Cogn.
Affect. Neurosci. 7 145

Nieoullon A and Coquerel A 2003 Curr. Opin. Neurol. 16 S3

Chen G, Lai S, Bao G, et al. 2023 Cell Rep. 42 112345

Takahashi K, Mizuno K, Sasaki A T, et al. 2015 Front. Hum. Neurosci.
9191

Zaki J and Williams W C 2013 Psychol. Bull. 139 803

Ma J 2025 Nonlinear Dyn. 113 25365

Zhao L and Ma J 2025 Chaos 35 023158

Guo Y, Wang C and Ma J 2013 Chaos Solitons Fractals 189 115739
Carl J R, Soskin D P, Kerns C and Barlow D H 2013 Clin. Psychol. Rev.
33343

Lee J and Pistole M C 2012 J. Couns. Psychol. 59 303

Mou J, Ma T, Banerjee S and Zhang Y 2024 [EEE Trans. Circuits Syst.
I Regul. Pap. 71 1771

Njitacke Z T, Isaac S D, Nestor T and Kengne J 2021 Neural Comput.
Appl. 33 6733

Shi X, Duan S, Wang L, Huang T and Li C 2015 Neurocomputing 166
487

Xu B, Luo X, Wang Y, Bai L, Chen K and Zhao J 2024 [EEE Trans.
Ind. Inf. 20 8673

[18]
[19]
[20]

[21]
[22]
[23]
[24]

[25]

[26]
[27]
[28]

[29]

[30]
(31]

(32]
[33]
[34]
[35]
[36]
[37]

(38]
[39]
[40]
[41]
[42]

[43]
[44]
[45]
[46]

[47]

060504-8

Xu B, She X, Jiang L, Zou S, Qiu G and Zhao J 2023 Chaos Solitons
Fractals 173 113661

Ding S, Wang N, Bao H, Chen B, Wu H and Xu Q 2023 Chaos Solitons
Fractals 166 112899

Lin H, Wang C, Sun J, Zhang X, Sun Y and Iu H H C 2023 Chaos
Solitons Fractals 166 112905

Rusbult C E and Van Lange P A M 2003 Annu. Rev. Psychol. 54 351
Givertz M and Safford S 2011 Curr. Psychol. 30 148

Mou J, Cao H, Zhou N and Cao Y 2024 IEEE Trans. Cybern. 54 7333
Lin H, Wang C, Xu C, Zhang X and Iu H H C 2022 [EEE Trans. Com-
put. Aided Des. Integr. Circuits Syst. 42 942

Lin H, Wang C, Sun Y and Wang T 2022 IEEE Trans. Circuits Syst. I
Express Briefs 70 311

Di Ventra M, Pershin Y V and Chua L O 2009 Proc. IEEE 97 1717
LiC,Li Y, Yu W, Moroz I and Volos C 2025 Nonlinear Dyn. 113 3857
Xu B, Luo X, Wang Y, Bai L, Chen K and Zhao J 2024 IEEE Trans.
Ind. Inf. 20 8673

Wang M, Ding J, Zhang X, Iu H H C and Li Z 2025 Nonlinear Dyn.
113 1879

Wang M, Yi Z and Li Z 2025 Chaos Solitons Fractals 190 115740

Yu Z, Zhu K, Wang Y and Yang F 2025 Chaos Solitons Fractals 194
116233

Yang F, Song X and Yu Z 2025 Nonlinear Dyn. 113 7213

Rinaldi S 1998 SIAM J. Appl. Math. 58 1205

Rinaldi S 1998 Appl. Math. Comput. 95 181

Sprott J C 2004 Nonlinear Dyn. Psychol. Life Sci. 8 303

Liao X and Ran J 2007 Chaos Solitons Fractals 31 853

Gragnani A, Rinaldi S and Feichtinger G 1997 Int. J. Bifurcat. Chaos
72611

Sprott J C 2005 Nonlinear Dyn. Psychol. Life Sci. 9 23

Barley K and Cherif A 2011 Appl. Math. Comput. 217 6273

Korn H and Faure P 2003 C. R. Biol. 326 787

Shimada I and Nagashima T 1979 Prog. Theor. Phys. 61 1605
Baron-Cohen S, Knickmeyer R C and Belmonte M K 2005 Science 310
819

Song X and Yang F 2025 J. Theor. Biol. 599 112034

Yang F, Song X and Yu Z 2024 Chaos Solitons Fractals 188 115496
Gao S, Iu H H C, Erkan U, Cimgek C, Toktas A, Cao Y, Wu R, Mou
J, Li Q and Wang C 2025 [EEE Trans. Circuits Syst. Video Technol. 35
7706

Gao S, Zhang Z, Iu H H C, Ding S, Mou J, Erkan U, Toktas A, Li Q,
Wang C and Cao Y 2025 [EEE Internet Things J. 12 18115

Gao S, Zhang Z, Li Q, Ding S, Iu H H C, Cao Y, Xu X, Wang C
and Mou J 2025 IEEE Trans. Dependable Secure Comput. 20(3) 1792—
1805


http://dx.doi.org/10.1016/j.febslet.2007.03.094
http://dx.doi.org/10.1111/jftr.2010.2.issue-4
http://dx.doi.org/10.1111/jftr.2010.2.issue-4
http://dx.doi.org/10.1111/jora.2003.13.issue-1
http://dx.doi.org/10.1093/scan/nsq092
http://dx.doi.org/10.1093/scan/nsq092
http://dx.doi.org/10.1097/00019052-200312002-00002
http://dx.doi.org/10.3389/fpsyg.2018.00191
http://dx.doi.org/10.3389/fpsyg.2018.00191
http://dx.doi.org/10.1007/s11071-025-11487-4
http://dx.doi.org/10.1063/5.0251352
http://dx.doi.org/10.1016/j.chaos.2024.115739
http://dx.doi.org/10.1016/j.cpr.2013.01.003
http://dx.doi.org/10.1016/j.cpr.2013.01.003
http://dx.doi.org/10.1037/a0027563
http://dx.doi.org/10.1109/TCSI.2024.3355120
http://dx.doi.org/10.1109/TCSI.2024.3355120
http://dx.doi.org/10.1007/s00521-020-05451-z
http://dx.doi.org/10.1007/s00521-020-05451-z
http://dx.doi.org/10.1016/j.neucom.2015.03.018
http://dx.doi.org/10.1016/j.neucom.2015.03.018
http://dx.doi.org/10.1109/TII.2024.3372017
http://dx.doi.org/10.1109/TII.2024.3372017
http://dx.doi.org/10.1016/j.chaos.2023.113661
http://dx.doi.org/10.1016/j.chaos.2023.113661
http://dx.doi.org/10.1016/j.chaos.2022.112899
http://dx.doi.org/10.1016/j.chaos.2022.112899
http://dx.doi.org/10.1016/j.chaos.2022.112905
http://dx.doi.org/10.1016/j.chaos.2022.112905
http://dx.doi.org/10.1146/psych.2003.54.issue-1
http://dx.doi.org/10.1007/s12144-011-9106-1
http://dx.doi.org/10.1109/TCYB.2024.3471644
http://dx.doi.org/10.1109/TCAD.2022.3186516
http://dx.doi.org/10.1109/TCAD.2022.3186516
http://dx.doi.org/10.1109/JPROC.2009.2021077
http://dx.doi.org/10.1007/s11071-024-10368-6
http://dx.doi.org/10.1109/TII.2024.3372017
http://dx.doi.org/10.1109/TII.2024.3372017
http://dx.doi.org/10.1007/s11071-024-10299-2
http://dx.doi.org/10.1007/s11071-024-10299-2
http://dx.doi.org/10.1016/j.chaos.2024.115740
http://dx.doi.org/10.1016/j.chaos.2025.116233
http://dx.doi.org/10.1016/j.chaos.2025.116233
http://dx.doi.org/10.1007/s11071-024-10710-y
http://dx.doi.org/10.1137/S003613999630592X
http://dx.doi.org/10.1016/j.chaos.2005.10.037
http://dx.doi.org/10.1142/S0218127497001771
http://dx.doi.org/10.1142/S0218127497001771
http://dx.doi.org/10.1016/j.crvi.2003.09.011
http://dx.doi.org/10.1143/PTP.61.1605
http://dx.doi.org/10.1126/science.1115455
http://dx.doi.org/10.1126/science.1115455
http://dx.doi.org/10.1016/j.jtbi.2024.112034
http://dx.doi.org/10.1016/j.chaos.2024.115496
http://dx.doi.org/10.1109/TCSVT.2025.3545868
http://dx.doi.org/10.1109/TCSVT.2025.3545868
http://dx.doi.org/10.1109/JIOT.2025.3540097
https://doi.org/10.1109/TDSC.2025.3540078
https://doi.org/10.1109/TDSC.2025.3540078

	1. Introduction
	2. Methodology
	3. The establishment of a love model
	3.1. Two-way love model
	3.2. Regretful love model

	4. Chaos in the relationship emotions
	4.1. Effect of film resistor R1,2 on the system
	4.2. Firing patterns of the system
	4.3. The effect of the degree of self-worth on the emotions of relationships
	4.4. The effect of partner support on relationships
	4.5. Male and female without love for each other
	4.6. Different initial relationship emotions produce different results

	5. DSP implementation
	6. Conclusion
	References

