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Abstract

This article introduces artificial intelligence techniques in mathematical modelling ~ comp’ systems anu their
applications. Mathematical modelling of complex systems is a method of studying f* struc. ~- . behaviou” °complex
systems, aiming to understand interactions and nonlinear effects in the system. Ce-  .only usew.  “delling » .iods include
system dynamics, network theory, and algebraic methods. Artificial intelligenc-  “nologies incl. ma” e learning and
deep learning, which can be used for tasks such as prediction and classi” utio. momaly detec.  optimization and
decision-making. In mathematical modelling of complex systems, artificial incelligence  hnology can learn system patterns
and laws from large amounts of data, and can be applied to image and <neech recognit.  time series analysis and other
fields. Deep learning and machine learning are important branches  .ua..tal intelligence. =y realize the modelling and
analysis of complex systems by building neural network models Jata-driven modelling is a modelling method based on
actual data that, combined with traditional theoretical modelling :an better desci” > and predict the behaviour of complex
systems. Self-control of complex systems means that the syst.  realizes its ov optimization and adjustment through
adaptive control algorithms and feedback mechanisms. In summa artificial inte’ zence technology has broad application
prospects in mathematical modelling of complex systrms and will pr.  'enew t~ , and methods for in-depth understanding
and solving problems in complex systems.
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mplex systems involves the
and techniques to
predict the behavior of systems
terconnected components [1]. These
s can be found in various fields such as physics,
, ecology, economics and sociology. As shown in
¢ / below, the following process can generally be
when it comes to mathematical modeling of
complex systems.
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Figure 1. The mathematical modeling process of
complex systems
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The choice of mathematical model depends on the
specific characteristics of the system under study [2].
Different models can include differential equations,
difference equations, network models, met acellular

automata, agent-based models [3], or stochastic models, etc.

Choosing an appropriate model is critical as it should
capture the essential characteristics of the system while
being computationally tractable.

After a mathematical model is built, its behavior can
be analyzed using a variety of analytical and computational
techniques [4]. These techniques may include stability
analyses, bifurcation analyses, numerical simulations,
optimization methods, or sensitivity analyses. The goal is
to gain insights into the behavior of the system, identify key
parameters, and predict its response to different conditions
or interventions.

Mathematical modeling of complex systems has many
applications [5]. For example, it can be used to understand
the spread of infectious diseases, predict the behavior of
financial markets, optimize transportation networks, study

the dynamics of ecosystems, or simulate social interactions.

These models can provide valuable insights to help inform
informed decisions and guide the design of interventions or
policies [6].

In summary, mathematical modeling of complex
systems is a powerful tool for understanding, analyzj
and predicting the behavior of systems with
interacting components. It plays a vital role in vari
disciplines and can provide valuable insights for decisio
making and problem-solving. Howg
formulation, analysis and validation of thg
to ensure its accuracy and reliabilit
Figure 2:
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Figure 2. Paper structure

2. Common Methods for Data Modelling
of Complex Systems

Mathematical modeling of complex systems involves the

use of mathematical methods and techniques to describe
and analyze systems that are composed of multiple

O EA

interrelated components and often have nonlinear and
dynamic properties [7]. As shown in the Table 1, the
following are some methods often used in mathematical
modeling of complex systems:

Table 1. Different mathematical modeling methods
and their application fields

Methods Description Plication

Differential
Equations
and
Difference
Equations

Economics,
engineering,
social sciences

system, that

is, the state of
the system at a
point in time

Probabilistic Used to Finance,
and describe meteorology,
Statistical randomness medicine
Models and

uncertainty in

systems,

including

Markov

chains, Monte

Carlo

simulation
Graph Used to Social
Theory and  represent the network
Network relationships analysis,
Model between Internet

various research,

components in  power system

a system, optimization

helping to

understand

system

structure and

information

dissemination
System Used to Environmental
Dynamics quantitatively  studies,
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Chaos
Theory

Multi-agent
Modeling

optimization
method

AIT
(artificial

intelligence
technology)

analyze
causality in
complex
systems and
describe the
interaction
between
system
variables
Used to
describe and
analyze
chaotic
phenomena in
complex
systems and
capture the
complex and
unpredictable
nature of
systems
Agent-based
methods are
used to
simulate the
behavior and
interaction of
multiple
independent
individuals
and analyze
the overall

algorithms,
genetic
algorithms
This includes
machine
learning and
deep learning
for generating

management, models,
political predicting
science system
behavior,
optimizing
performance,
and more
Theory of Used to design
Control system
Weather controllers an
prediction,
stock market
fluctuations,
heart
physiology
ynamic behavior of sWems [8]. They are used to
resent interacgians and changes between components in
Trafﬁc ﬂow equations [9]: Algebraic equations are
simulation, e static relationships in a system, that
market stem at a certain point in time. This is
competition ng the balance and stability of a system.

Probabilistic and statistical models: Complex systems
ntain randomness and uncertainty. Probabilistic
stical models, such as Markov chains, Monte Carlo
simulations, etc., are used to describe random changes and
uncertainties in systems [10]. Graph theory and network
models: Graph theory and network models are used to
represent the relationships between components in a
system. Complex network analysis can help understand the
structure of a system, how nodes are connected, and the
paths through which information travels.

System Dynamics: System dynamics is a method of
quantitatively analyzing cause-and-effect relationships in
complex systems [11]. It uses tools such as Coulomb
diagrams and flow charts to describe the interactions
between variables in the system. Chaos theory: For
complex systems that exhibit chaotic phenomena, chaos
theory provides a method to describe and analyze system
behavior [12]. Nonlinear dynamics and chaos models can
be used to capture the complex and unpredictable nature of
systems.

Multi-agent modeling: For systems containing
multiple individuals or agents, the multi-agent modeling
method (Agent-Based Modeling) is widely used [13]. Each
individual is treated as an independent agent whose actions
and decisions are based on its surrounding environment
and interactions with other agents. Optimization methods:
Optimization methods can be used to determine system

analysis,
natural
resour

&l

supply chain
management

Data mining,

intelligent . .

. parameters or adjust the system structure to achieve
transportatlon, specific goals. Methods such as evolutionary algorithms,
n?edlcaI. genetic algorithms, and particle swarm algorithms are often
diagnosis used to solve optimization problems in complex systems

O EA
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[14].

Artificial Intelligence Technology [15]: Artificial
Intelligence technology, especially machine learning and
deep learning, is widely used in generating models from
complex systems, predicting system behavior, optimizing
system performance, etc. Control Theory: Control theory is
used to design controllers that can regulate the state of a
system to achieve its stability and performance goals [16].

Mathematical modeling of complex systems is an
interdisciplinary field that requires combining knowledge
from multiple fields such as mathematics, physics, and
computer science. By employing a variety of mathematical
modeling methods, researchers are able to better
understand and predict the behavior of complex systems,
allowing them to make more informed decisions and
optimize system performance.

3. Artificial Intelligence Technology

Artificial Intelligence (AI) [17, 18] technology is a research
field dedicated to enabling computer systems to perform
intelligent behaviors similar to humans [19]. Artificial
intelligence technology includes a variety of methods and
algorithms designed to enable computer systems to
perceive, understand, learn, reason, and perform tasks [15].
From to Figure 3, here are some common artifigial
intelligence technologies:

AlT(artifcial ntelligence
technology)

Natural Language
Processing

Artfical Intelligence§ | Machine Leaming Dccpuamingl Al Chips

Figure 3. Artificial intellig

Machine Learningg
intelligence method t
to perform tasks b

througf@ese features. Deep learning excels at handling
large-scale data and complex tasks.

Natural Language Processing (NLP): It is an
important branch in the field of artificial intelligence and
studies the interaction and communication between
computers and human natural language [25]. It involves the
understanding, generation, processing and analysis of text

O EA

and speech, aiming to enable computers to understand and
process human language. Natural language processing is
widely used in many fields, such as intelligent assistants,
machine translation, public opinion analysis, text mining,
automatic question and answer system [26].

Computer Vision: Computer Vision (Computer Vision)
is an important branch in the field of artificialg ioence
[27]. It studies how to enable computers

understanding, analysis and proces
videos [28, 29]. The goal of co
computers to extract useful i

is widely used in the field of
ing and control. The

orcement learning.

ph: A knowledge graph is a graphical
present and organize knowledge. It can
systems understand the relationships
gveen entities and facilitate reasoning and problem
32]. Recommendation System: Recommendation
system uses machine learning algorithms to analyze user
behavior and preferences to predict and recommend
content, products or services that may be of interest to the
user.

Artificial Intelligence Chips (AI Chips): In order to
meet the needs of artificial intelligence model training and
inference, specially designed hardware accelerators, such
as graphics processing units (GPUs), tensor processing
units (TPUs), etc., are widely used to improve computing
efficiency [33]. Autonomous Driving technology uses
computer vision, sensor fusion, reinforcement learning and
other technologies to enable vehicles to perform navigation
and driving tasks without human intervention [34]. Swarm
Intelligence imitates collaboration and collective behavior
in social groups and is used in fields such as optimization
problems and routing planning.

These artificial intelligence technologies have made
remarkable progress in various fields and have had a
profound impact on society, science, and industry. Its
continuous innovation and application are expected to
further promote the development of the field of artificial
intelligence.

4. Artificial Intelligence in Mathematical
Modelling of Complex Systems

Artificial intelligence has extensive applications in
mathematical modeling of complex systems [35]. Through
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technologies such as machine learning and deep learning,
artificial intelligence can learn from large amounts of data
and discover patterns and regularities in the system. This
ability allows artificial intelligence to better understand and
solve problems in complex systems. Like that Figure 4 here,
implementation flow of artificial intelligence in
mathematical modeling of complex systems.

Model selection: Select the
machine learning or deep
learning mode! suitable for the
current problem, such as neural
networks, support vector

Data Collection: Collect large: ‘machines

amounts of data from various
complex systems

Application of resuls: The
results of Al modeling are

applied to real problems to

provide better understanding
and solutions for complex
systems in various fields

F ion: Extracting

meaningful features from pre-

processed data to describe the

characteristics and laws of the
system

Prediction and optimization:
The use of trained models to
predict new data, system
optimization and decision-
making

Model training: The selected
model is trained using processed;
data so that it can leam patterns
Data preprocessing: The and laws in the system
collected data is cleaned,

denoised and standardized to
ensure the quality and
consistency of the data

—

Model evaluation: Evaluate the
performance and accuracy of th
model through cross-validation
and other methods, and optimize}
and improve the model.
—

Figure 4. Implementation flow of artificial intelligence
in mathematical modeling of complex systems

In the modeling of biological systems, artifics
intelligence can reveal complex relationships
mechanisms in biological systems by analyzing biologt
data and simulating biological processes [36]. For examp
by analyzing genomic data, Al can predigigs iati

between genes. From to Figure
significance for disease prevention
other aspects.

}

Adaptive control of

Datdrven el A T -
Byaulyzinghre- Conplesewok | Trasmisonagent Thesysem e sty
sledaa ats, e madlng ot ad mlagnt 4 atonatlly et B
methodsareable o {hecontol ity »

" Ttis Wi o bl 2 ehniques elp
identify pattems, auconding o the .
‘models for system nterret the outpt of
trends, and associatons| for simulating systems : environmen change
prediction and ‘modelsto promote:

and feedback
simulation. understanding of
information o optimize}

the system

peromae

insysems kadingto ; wilhalarge umerof
o e b inrgin il

mabemaiel modes, comples ysems,

mgrof social systems, artificial intelligence
eveal the complexity and dynamics in social systems
zing social network data and human behavior
¥/]. For example, by analyzing social network
data, artificial intelligence can predict people's interests
and behaviors and help companies conduct precise
marketing; by analyzing traffic data, artificial intelligence
can optimize traffic flow and improve urban transportation
efficiency.
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In addition, artificial intelligence can also be applied to
complex system modeling in various fields such as
financial systems, energy systems, and environmental
systems [38]. By analyzing large amounts of historical and
real-time data, artificial intelligence can predict market
trends, optimize energy utilization [39], improve
environmental protection effects, etc. The fg i
some typical application areas:

Data-driven =~ modeling:
techniques, especially machine learni
are widely used in data-drive
systems [40]. By analyzing
methods are able to id;
correlations in  syste
mathematical models.

d parameter adjustment:
gy can be used for model

genetic algorithms, particle swarm
ulated annealing, can help adjust the
matical models to better fit observed

twork modeling: Artificial intelligence
a key role in modeling complex networks [43].
learning methods can be used to analyze network
topology, relationships between nodes, and information
propagation patterns, which are very important for
understanding systems with complex structures such as
social networks and biological networks.

Agent Model vs. Multi-Agent Modeling: Agent models
and multi-agent modeling methods in artificial intelligence
are applied to describe the behavior of independent
decision-making entities in the system [13]. This method is
suitable for simulating systems with a large number of
interacting individuals, such as economic systems or
ecological systems.

Model prediction and simulation: Machine learning and
deep learning can be used to build models to predict and
simulate systems [44]. This is useful for evaluating system
behavior under different conditions, predicting future
states, and for decision support.

Adaptive control of complex systems: Artificial
intelligence techniques such as reinforcement learning can
be used for adaptive control of complex systems [45]. The
system can automatically adjust the control strategy based
on environmental changes and feedback information to
optimize system performance.

Model explanation and interpretability: As the
complexity of machine learning models increases, it
becomes increasingly important to explain the model's
decision-making process [46]. Explainable Al techniques
help explain model outputs, making decisions more
trustworthy and promoting understanding of complex
systems.
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These application examples highlight the diversity and
flexibility of artificial intelligence in mathematical
modeling of complex systems. By combining traditional
mathematical modeling methods with modern artificial
intelligence techniques, researchers are able to more fully
understand and analyze the behavior of complex systems.

5. Machine Learning and Deep Learning

Deep learning is a specific branch of machine learning that
simulates and imitates the structure and function of neural
networks in the human brain [47]. Deep learning [48, 49]
improves the model's ability to understand and represent
data by building a deep neural network model. Deep
learning has achieved great success in fields such as
computer vision and natural language processing. The
differences between deep learning and machine learning
are shown in the Table 2 below.

Table 2. The difference between deep learning and
machine learning

Features Deep Machine Learning
Learning
Definition A learning A way for computers
method to learn and improve
simulating from data

the structure
and function

of human
brain neural
network
Neural Construct a
network deep neural
structure network
model
Data
understanding on
and
presentation
skills

Area of Applications in many
fields, such as finance,
medical care,

transportation

fields

ine learning is a broader concept that
encompasses a variety of methods and techniques designed
to enable computers to learn and improve from data [50].
Machine learning methods can be divided into supervised

learning, unsupervised learning and reinforcement learning.

Supervised learning is one of the most common
machine learning methods. It uses labeled data as training

samples, allowing the machine learning algorithm to learn
the mapping relationship between input data and output
labels [51]. In supervised learning, the goal of the model is
to make predictions on new unlabeled data. Common
supervised learning algorithms include linear regression,
logistic regression, decision trees, support vector machines
[52], etc.

Unsupervised learning is a machine

from unlabeled data [53].
algorithms can perform task;
dimensionality reduction, an
Common unsupervised le
means clustering, pig
association rules, etc.

long-term cumulative rewards
the environment and taking

to Figure 6, deep lealing is a branch
that improves the model's ability to
esent data by building a deep neural

Machine Learning

Designed to simulate and mimic the
structure and function of human brain
neural networks

Deep Learning

Specific branches and
powerful tools

Figure 6. The connection between deep learning
and machine learning

Machine learning encompasses a variety of methods
and techniques, including supervised learning,
unsupervised learning, and reinforcement learning, for
learning and improving from data [21]. Deep learning is a
powerful tool for machine learning and has achieved major
breakthroughs and applications in many fields.
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6. Deep learning and machine learning in
mathematical modelling of complex
systems

From to Figure 7, machine learning and deep learning have
wide applications in mathematical modeling of complex
systems [56]. Through machine learning and deep learning
technology, we can learn from large amounts of data and
discover patterns and laws in the system, helping to
understand and solve complex problems in biological
systems, social systems and other fields.

Application of machine learning
and deep learning in mathematical
modeling of complex systems

L L

Prediction and Anomaly Optimizationand | Analysis of time | Image and speech
classification detection decision seris tecognition

Figure 7. Application of machine learning and deep
learning in mathematical modeling of complex
systems

1.Prediction and classification: In complex syst
machine learning and deep learning can be used
prediction and classification [57]. By learning ai
discovering patterns and regularities from largg

in biological systems, de
used to identify and clasgd
helping researchers
function of biolgai

be used to predict the rise and
e medical field, machine learning
rogression and patient

such as identifying objects in
emotional tendency of text.

¥an also be applied to anomaly detection
Various anomalies and mutations often exist in
systems, and these anomalies may have an
mpact on the normal operation of the system. By
training a deep neural network, the normal pattern of the
system can be learned, allowing it to detect anomalies and
respond promptly [61]. By training machine learning
models, normal behavior and abnormal behavior can be
distinguished, and abnormal situations can be discovered
and handled in a timely manner. This has important

O EA

application value in the financial field, network security
and other fields. This is very important to ensure the stable
operation and security of the system. For example, in
power systems, machine learning models can be used to
detect abnormal loads or potential power failures [62].
3.Optimization and decision-making: In addition,
machine learning and deep learning can also i
optimization and decision-making [63]. Hg
operation and decision-making progl®

nalyzing largg
pon-makip

options [64]. For example,
used to optimize suppl

patterns and trends in time
an be built to predict future

peech recognition: Machine learning
can be used for image and speech
erstanding [67]. By learning a large
and speech data, image recognition
eech recognition models can be built to
ieve automatic recognition and understanding of
d speech.

In general, machine learning and deep learning are
widely used in mathematical modeling of complex systems,
which can help understand and solve problems in complex
systems and provide intelligent decision-making and
optimization capabilities [68].

7. Data-driven modeling

As shown in the Figure 8, data-driven modeling is a data-
based modeling method that uses a large amount of actual
observation data to discover the patterns and laws of the
system and transforms it into a mathematical model [69].
The core idea of this method is that the data itself contains
the behavior and characteristics of the system. Through the
analysis and modeling of the data, the behavior of the
system can be more accurately described and predicted
[70].
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——»  Linear regression

e Statistical model m

——  Analysis of time series

Data-driven algorithm — — Regression tree

Support vector regression

Machine learning
algorithm

Artificial neural network

Deep learning

——»  Ensemble methods

Figure 8. Data-driven algorithm

In data-driven modeling, methods such as machine
learning and statistics are generally used to process and
analyze data [71]. Among them, machine learning is a
method of learning rules and patterns from data through
training algorithms, which can automatically dis
features in data and build corresponding mathemat
models. Statistics is a method of inferring and modeli
systern behav1or through statlstlcal analysis of data [72

The advantage of data-driven
extract the actual behavior of a
without relying on a priori
theoretical assumptions [73

jcations in many
he financial Tield, data-driven
to predict stock prices, risk
jons [75], etc. In the field

n general, data- drlven modeling is a data-based
ing method that can more accurately describe and
ic behavior of the system through the analysis and
¥ of a large amount of actual observation data and
has Wlde application value.

8. Adaptive Control of Complex Systems

Adaptive control of complex systems refers to

2 EAI

automatically adjusting control strategies and parameters
according to the current status of the system and
environmental changes through monitoring and analysis of
the system to achieve regulation and optimization of
system behavior [77]. Adaptive control has important
application value in complex systems and can improve
system performance and stability.

As shown in the Figure 9, a typical g

expected quahty
compared, and
mechanism,
so that y(t

rs are changed,

Figure 9. Structure block diagram of adaptive
control system

In complex systems, due to the complexity and
uncertainty of the system, traditional fixed control
strategies and parameters may not be able to adapt to
system changes and fluctuations [78]. Adaptive control can
adjust control strategies and parameters according to the
actual situation of the system to adapt to different working
conditions and environmental changes by monitoring and
analyzing the status and behavior of the system in real time
[79].

The core of adaptive control is to establish adaptive
models and algorithms [80]. Adaptive models can learn the
patterns and laws of the system from large amounts of data
through technologies such as machine learning and deep
learning to predict the future behavior of the system and
adjust control strategies [81]. The adaptive algorithm is
used to automatically adjust control parameters and
strategies based on the model's prediction results and actual
observation data to achieve optimal and stable control of
the system [82].

Adaptive control has applications in many fields, such
as industrial control, traffic management, power systems,
water conservancy projects [83], etc. Through adaptive
control, the robustness and adaptability of the system can
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be improved, allowing the system to automatically adapt to
different working conditions and changes, thereby
improving system efficiency and performance [84].

9.Conclusion

Through technologies such as machine learning and deep
learning, artificial intelligence can learn from large
amounts of data and discover patterns and rules in the
system, helping to understand and solve complex problems
in biological systems, social systems and other fields [84].
In terms of mathematical modeling of complex systems,
the applications of artificial intelligence include prediction
and classification, anomaly detection, and optimization and
decision-making [85].

In terms of prediction and classification, artificial
intelligence can build prediction models and classification
models to predict future trends of the system and classify
new data by learning patterns and patterns in data [86]. This
helps anticipate and respond to changes and uncertainties
in the system in advance. In terms of anomaly detection,
artificial intelligence can learn the normal behavior pattern
of the system and build an anomaly detection model to
detect and identify abnormal behaviors in the system [87].
This helps to promptly detect and resolve abnormalities in
the system and improve system stability and security.
terms of optimization and decision-making, arti
intelligence can learn the dynamics and objective functi
of the system to find optimal strategies and decisions. T
can be used to solve optimization problems 2
making problems, improving the
performance of the system [88].

In summary, the application of ay
mathematical modeling of co
application value [89]. Thr

and laws in the syste
methods for the m
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