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Abstract: This paper provides a comprehensive analysis of artificial
neural network (ANN) structures and their application in machine learning.
The study explores the architecture, working principles, and learning
mechanisms of neural networks. In addition, the historical development
and modern applications of ANN in various fields are discussed. Special
attention is given to their ability to model complex systems and process
large datasets efficiently. The advantages and limitations of neural
networks are also analyzed.
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Infroduction. In the 21st century, the rapid development of information
and communication technologies has significantly tfransformed many
aspects of human life. Among these advancements, artificial inteligence
(Al) has emerged as one of the most influential and rapidly growing fields.

Machine learning, as a subfield of Al, enables systems to learn from
data and improve their performance without being explicitly programmed.
One of the most important tools in machine learning is artificial neural
networks.

Artificial neural networks are inspired by the biological structure of the
human brain. They are designed to simulate the way neurons interact,
process information, and generate responses. Due to their ability to handle
complex and nonlinear problems, neural networks have become widely
used in various domains.

Today, neural networks are applied in fields such as healthcare,
transportation, finance, and industrial automation. Their ability fo analyze
large volumes of data and identify hidden patterns makes them highly
valuable in modern technological systems.

In the modern era of advanced technologies, artificial inteligence
and its components are being applied in almost all areas of human life. In
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particular, everyday household devices such as televisions, refrigerators,
washing machines, ovens, security systems, and smart home technologies
serve as clear examples of this application. Furthermore, mobile
applications such as Google Translate, dictionaries, and various games also
demonstrate the practical use of artificial inteligence.

Literature Review. The concept of artificial neural networks dates back
to the mid-20th century. In 1943, Warren McCulloch and Walter Pitts
intfroduced the first mathematical model of an artificial neuron. This model
laid the foundation for future research in neural networks.

In 1949, Donald Hebb proposed a learning rule based on the strength
of connections between neurons. Hebb's theory emphasized that learning
occurs through the adjustment of synaptic weights, which later became a
fundamental principle in neural network training.

In 1957, Frank Rosenblatt developed the perceptron model, which was
one of the earliest implementations of a neural network. The perceptron
demonstrated the ability to classify input data and learn from examples.

John von Neumann also contributed to the development of
computing systems inspired by neural structures. In recent vyears,
researchers such as Chen, Van Gerven, and Liu have further advanced the
theory and application of neural networks, especially in deep learning and
complex system modeling.

In 1958, John von Neumann developed a vacuum tube system that
simulated simple functions of neurons.

Among researchers in our country, several scientists have also
conducted extensive studies in this field. In particular, in the scientific works
of academicians V.Q. Qobulov and S.S. G'ulomov, professors A.T.
Shermuhamedov and D.A. Khalilov, as well as researchers |. Tojimamatov
and Q. Rahimov, this topic has been discussed and analyzed in detail.

Learning Process in Neural Networks. Learning in neural networks
involves adjusting the weights of connections to minimize the error between
predicted and actual outputs. This process is typically achieved using
training algorithms such as backpropagation. The training process includes
the following steps:

1. Forward propagation of input data

2. Calculation of error

3. Backward propagation of error

4. Updating weights

Neural networks can be trained using different learning approaches:
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« Supervised learning

. Unsupervised learning

. Reinforcement learning

Supervised learning is the most commonly used method, where the
model is frained on labeled data.

Applications of Neural Networks

Artificial neural networks are widely used in various fields due to their
flexibility and efficiency. Some of the key applications include:

. Healthcare: disease diagnosis and medical image analysis

. Transportation: fault detection and autonomous driving systems

. Finance: fraud detection and risk assessment

. Industry: predictive maintenance and process optimization

. Computer vision: image and object recognition

. Natural language processing: franslation and speech recognition

For example, in fransportation systems, neural networks can detect
potential faults in vehicles before they occur. This helps reduce
maintenance costs and improve safety.

Advantages and Limitations Advantages and Limitations

Advantages:

Ability to process large amounts of data
High accuracy in prediction and classification tasks
Adaptability and self-learning capability

. Capability to model complex nonlinear relationships

Limitations:

. Requires large datasets for training

. High computational cost

. Lack of interpretability (black-box problem)

. Risk of overfitting

Analysis and Discussion. The analysis shows that artificial neural
networks are powerful tools for modeling complex systems. They can learn
patterns from data and make accurate predictions, often outperforming
traditional algorithmes.

However, training neural networks requires significant computational
resources and time. Recent advancements in hardware technologies, such
as GPUs and cloud computing, have significantly improved the efficiency
of neural network training.

Moreover, ongoing research in explainable Al aims to address the
interpretability issues associated with neural networks.
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Conclusion. In conclusion, artificial neural networks play a crucial role
in modern machine learning systems. Their ability to process large datasets
and solve complex problems makes them essential in various applications.

Future research should focus on improving computational efficiency,
reducing data requirements, and enhancing interpretability. As technology
continues to evolve, neural networks are expected to become even more
powerful and widely used.

REFERENCES:

1. Bre, Facundo, Juan M Gimenez, and Victor D Fachinotti. 2018.
"Prediction of wind pressure coefficients on building surfaces using artificial
neural networks." Review of. Energy and Buildings158:1429-41.

2. Balakrishnan, Harikrishnan Nellippallil, Aditi Kathpalia, Snehanshu
Saha, and Nithin Nagaraj. 2019. "ChaosNet: A chaos based artificial neural
network  architecture  for classification”. Review of.Chaos: An
Interdisciplinary Journal of Nonlinear Science 29 (11):113125.

3. Chen, Mingzhe, Ursula Challita, Walid Saad, Changchuan Yin, and
Murouane Debbah. 2019. "Artificial neural networks-based machine
learning for wireless networks: A tutorial." Review of. IEEE Communications
Surveys & Tutorials 21 (4):3039-71

4, Liu, Jinjin, Yongchun Chen, Li Lan, Boli Lin, Weijian Chen, Meihao
Wang, Rui Li, Yunjun Yang, Bing Zhao, and Zilong Hu. 2018. "Prediction of
rupture risk in anterior communicating artery aneurysms with a feed-
forward artificial neural network”. Review of. European radiology
28(8):3268-75.

5. Murodqgosimova Shodiya Xolmamat qizi 2024. “Mashinani o*qitishda
go'llaniladigan sun'iy neyron tarmoqg tuzilishlarining tahlili”
https://zenodo.org/records/10726862

6. Van Gerven, Marcel, and Sander Bohte. 2017. "Arfificial neural
networks as models of neural information processing”. Review of. Frontiers
in Computational Neuroscience 11:114.

7. XQHT 3. MICKYCCTBEHHbIM MHTEAAEKT. MoCKBa: Mup, 1978. - C. 5.




