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Abstract: This article explores the key role of intelligent computing in driving the paradigm shift of scientific discovery.
The article first outlines the five paradigms of scientific discovery, from empirical observation to theoretical models, then
to computational simulation and data intensive science, and finally introduces intelligent computing as the core of the fifth
paradigm. Intelligent computing enhances the ability to understand, predict, and automate scientific discoveries of complex
systems through technologies such as deep learning and machine learning. The article further analyzes the applications
of intelligent computing in fields such as bioinformatics, astronomy, climate science, materials science, and medical
image analysis, demonstrating its practical utility in solving scientific problems and promoting knowledge development.
Finally, the article predicts that intelligent computing will play a more critical role in future scientific research, promoting
interdisciplinary integration, open science, and collaboration, providing new solutions for solving complex problems.
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1. Introduction

The history of scientific discovery is the relentless pursuit of human curiosity and desire to understand the natural
world, and it is a journey of exploration. From empirical observations of ancient civilizations to modern complex
theoretical models, every shift in scientific paradigms is a significant expansion of knowledge boundaries. This
article aims to explore the role of intelligent computing in the fifth paradigm, marking a fundamental change in the
way science is discovered.

In the early stages of scientific development, the empirical paradigm dominated the description and recording
of natural phenomena but lacked systematic methods to capture and express the laws behind these phenomena.
The rise of theoretical paradigms has brought about the application of models and inductive reasoning, such
as Newton’s laws and Maxwell’s equations, which provide a broader perspective for understanding the natural
world. The emergence of electronic computers in the 20th century propelled the birth of computational paradigms,
enabling scientists to solve complex problems through numerical simulations. With the advent of the big data era,
the fourth paradigm —data-intensive scientific discoveries—utilizes machine learning and other technologies to
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analyze large-scale datasets, revealing new insights "',

The rise of intelligent computing, as the core of the fifth paradigm, not only represents technological progress
but also a revolution in scientific research methodology. It achieves a deeper understanding and prediction of
complex systems through technologies such as deep learning and machine learning. The introduction of intelligent
computing has made the process of scientific discovery more automated and efficient, providing new tools and
methods for exploring unknown fields ™.

This article explores the integration of intelligent computing into scientific research, its impact on scientific
methodology, and the technical, ethical, and social challenges involved. By examining the role of intelligent
computing in the fifth paradigm, it aims to offer the scientific community valuable insights and guidance for future

research and applications.

2. The evolution of computational paradigms

The process of scientific exploration is like a magnificent symphony, with its melody and rhythm carefully woven by
the evolution of computational paradigms. From ancient times to the present, the evolution of scientific methodology
is not only a witness to technological progress but also a reflection of deep philosophical thinking in science.

The empirical paradigm, as the cradle of science, has nurtured the philosophical ideas of positivism. It
emphasizes the acquisition of knowledge through observation and experimentation, establishing a preliminary
framework for scientific exploration. However, this methodology is inadequate in dealing with complex
phenomena because it lacks the exploration of the underlying laws behind the phenomena .

The rise of theoretical paradigms, and the introduction of mathematical models and logical reasoning, marks
the shift of the philosophy of science towards rationalism. This paradigm not only deepens our understanding of
the laws of nature but also provides powerful tools for scientific prediction and control. However, the limitation of
the theoretical paradigm lies in its reliance on analytical solutions, which is particularly evident when dealing with
nonlinear and multi-body problems ™.

Now, we are standing at the threshold of the fifth paradigm, which is a new era driven by intelligent
computing. It not only integrates the advantages of the first four paradigms but also provides unprecedented depth
and breadth for scientific discovery through the integration of artificial intelligence "*'. The development of the fifth
paradigm heralds a new stage in the philosophy of science characterized by systems theory and complexity theory,

emphasizing interdisciplinary integration and innovative thinking in scientific exploration ..

3. The rise of intelligent computing

Intelligent computing represents a revolutionary leap in computing science, integrating advanced technologies
from multiple fields such as artificial intelligence, machine learning, deep learning, natural language processing,
computer vision, and reinforcement learning, forming a new computing paradigm "”’. The core of intelligent
computing lies in its ability to simulate and expand human cognitive abilities, extract patterns from large amounts
of data through algorithms, make predictions, and autonomously generate solutions.

At the technical level, the implementation of intelligent computing relies on a series of highly specialized
algorithms and models. As one of the core technologies of intelligent computing, deep learning simulates the
way the human brain processes information by constructing multi-layer neural networks, achieving efficient
recognition and processing of complex data such as images, speech, and text. The development of natural language
processing technology enables machines to understand, generate, and translate human language, greatly promoting
the automation of information processing and knowledge discovery. Computer vision technology endows
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machines with the ability to recognize and understand visual information, providing powerful technical support for
applications such as autonomous driving and medical imaging analysis. Reinforcement learning enables machines
to autonomously learn optimal behavioral strategies through interaction with the environment, providing new
possibilities for automated decision-making and control system design .

The development of intelligent computing, thanks to the popularity and success of deep learning, has established
artificial intelligence as a cutting-edge field for exploring machine intelligence. Its characteristics lie in its theoretical
and technological self-learning and evolution, high computing power and energy efficiency in architecture, security
and reliability in system methods, automation and accuracy in operating mechanisms, and collaboration and ubiquity
in service . It includes two fundamental aspects: intelligence and computing, which complement each other.
Intelligence promotes the development of computing technology, and computing is the foundation of intelligence.

4. Intelligent computing and the fifth paradigm

As the core of the fifth paradigm, intelligent computing not only represents a technological breakthrough but also
reshapes our understanding of the knowledge discovery process in the dimension of scientific philosophy. This
paradigm emphasizes the centrality of data, elevating the capabilities of data analysis and pattern recognition to
unprecedented heights, thus providing a new methodology for scientific exploration.

Under the framework of the fifth paradigm, the value of intelligent computing goes far beyond tools and has
become a new scientific way of thinking.

Intelligent computing can process and analyze large-scale, high-dimensional datasets, revealing complex
patterns and potential connections behind the data. It allows scientists to construct complex system models, predict
system behavior, and optimize experimental designs based on this. This data-driven prediction and optimization
not only improves research efficiency but also makes scientific research more accurate and in-depth.

Additionally, the simulation capability of intelligent computing, especially with the help of deep learning,
provides new tools for understanding and predicting the behavior of complex systems. This simulation not only
includes phenomena in the physical world but also encompasses the dynamics of socio-economic systems.
Intelligent computing provides a powerful tool for interdisciplinary research by constructing highly complex
neural network models that can simulate the operational mechanisms of these systems """,

Intelligent computing has also driven the rise of open science and collaboration. With the assistance of
intelligent computing, scientists can share data, tools, and methods more effectively, promoting collaboration
and communication within the global scientific community. This openness not only accelerates the dissemination
and application of knowledge but also provides guarantees for the transparency and reproducibility of scientific
research. Under the guidance of the fifth paradigm, intelligent computing is no longer just a tool for performing
computational tasks but has become a partner in scientific exploration """, It expands human cognitive boundaries

through automation and intelligence, enabling scientists to explore more complex scientific problems.

5. Application cases of intelligent computing in scientific research

The rise of intelligent computing plays a revolutionary role in global scientific research and innovation, and
its application cases not only demonstrate the practical utility of technology but also significantly promote the
expansion of scientific knowledge. The following are application cases in several fields that demonstrate how
intelligent computing has become an indispensable tool for modern scientific research.

In the fields of bioinformatics and genomics, intelligent computing analyzes large-scale genomic data
through deep learning algorithms, revealing the complex connections between genetic variations and diseases, and
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providing a new path for personalized medicine and precision treatment. For example, DeepMind’s AlphaFold
project’s breakthrough in protein structure prediction has opened up new perspectives for understanding the three-
dimensional morphology and function of living molecules. AlphaFold successfully predicted the three-dimensional
structure of proteins through deep learning models, which was validated in the 14th Community Wide Experiment
on the Critical Assessment of Techniques for Protein Structure Prediction (CASP14) competition. The average
Global Distance Test - Total Score (GDT-TS) of its prediction results reached 92.4, close to experimental accuracy,
bringing a disruptive breakthrough to the field of structural biology .

In climate science, intelligent computing improves the accuracy of predicting extreme weather events by
analyzing climate models and observational data, providing a scientific basis for addressing climate change. The
application of machine learning models is particularly prominent in simulating global climate change trends
and assessing their impact on ecosystems " For example, the digital Earth model “Earth-2” constructed using
Artificial Intelligence (Al) technology relies on the FourCastNet Al model, which can improve prediction accuracy
thousands of times faster, predict weather conditions for the next two weeks, and accurately capture rare and
deadly disaster risks "\

Finally, in medical image analysis, the application of deep learning technology has significantly improved
the accuracy and speed of disease diagnosis. Intelligent algorithms can identify small pathological changes
from medical images, providing strong support for early diagnosis and personalized treatment. For example, the
RFdiffusion model developed by David Baker’s team can “design various functional proteins out of thin air.” The
emergence of this Al-based protein design tool provides a new approach for a deeper understanding of protein
structure and function .

These cases highlight the application of intelligent computing in global scientific innovation and demonstrate
its enormous potential to push the boundaries of scientific knowledge. With the continuous advancement of
technology, intelligent computing is expected to play a more central role in future scientific research, providing

new solutions for solving complex scientific problems.

6. Conclusion

Looking ahead, intelligent computing is expected to play a more critical role in scientific research. With the further
improvement of computing power and continuous optimization of algorithms, intelligent computing will be able
to handle larger and more complex datasets, providing deeper insights for scientific discoveries. Meanwhile,
interdisciplinary integration and innovative thinking will be strengthened under the impetus of intelligent
computing, promoting knowledge integration and technological innovation between different fields. Additionally,
the development of intelligent computing will also promote the further rise of open science and collaboration.
Through intelligent computing-assisted global scientific community collaboration, knowledge dissemination,
and application will be accelerated, and research transparency and reproducibility will be improved. The self-
learning and evolving nature of intelligent computing will make it a more active and dynamic partner in scientific
research. The role of intelligent computing in the fifth paradigm shift is not only a technological breakthrough but
also a profound impact on the process of scientific exploration. It will drive us to rethink the methods of scientific
discovery, expand the boundaries of knowledge, and provide new solutions for solving complex problems. With
the continuous advancement of technology, we have reason to believe that intelligent computing will continue to
drive significant progress in the field of science in the coming decades and make immeasurable contributions to

the development of human society.
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