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Abstract: This paper systematically analyzes the development path of artificial intelligence technology in the big data
era, and explores the integration mechanism of the two and their role in promoting technological progress. By sorting out
the definition and characteristics of big data, the basic concepts of artificial intelligence technology and the interactive
relationship between the two, the study reveals how the massive resources provided by big data for artificial intelligence drive
breakthroughs in deep learning, natural language processing and other fields. At present, artificial intelligence technology has
made significant progress in model optimization and cross-modal fusion, but it still faces challenges such as high computing
costs and privacy security. In the future, efficient algorithms, edge intelligence and ethical governance will become the focus
of development, and are expected to achieve greater value in medical care, education and urban management. This study
provides theoretical reference and practical guidance for the optimization and application of artificial intelligence technology.
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1.Introduction

With the rapid development of information technology, big data and artificial intelligence (Al) have become the core driving
force for promoting social progress and economic transformation. The explosive growth of big data has provided artificial
intelligence technology with rich training resources, enabling it to achieve significant breakthroughs in image recognition,
natural language processing, autonomous driving and other fields. For example, the application of convolutional neural net-
works (CNNs) in 3D face reconstruction demonstrates the powerful potential of data-driven models . Big data, with its mas-
siveness, diversity, and high speed, provides a basis for optimizing Al algorithms and solving complex problems, while Al
further explores the potential value of big data through technical means such as deep learning and reinforcement learning ..
The two complement each other and jointly promote the comprehensive upgrade of intelligence. However, the era of big data
also brings challenges such as data privacy, algorithm bias, and computing resource bottlenecks. These problems have put
forward new requirements for the development path of Al technology. Therefore, systematically analyzing the integration
mechanism and development laws of big data and Al will not only help understand the current technology ecology, but also
point out the direction for future technological breakthroughs. This study focuses on this and aims to provide theoretical
reference and practical guidance for academia and industry, which has important academic value and practical significance.
The interaction between big data and Al has also profoundly affected many fields such as social governance, medical health,
and financial services. For example, the application of big data-based predictive models in medical diagnosis has significantly
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improved the accuracy of disease screening . However, with the advancement of technology, data security and ethical issues
have become increasingly prominent, and it is urgent to address them through the coordination of technology and policy.
Therefore, exploring the development path of Al technology in the era of big data is not only a technical demand, but also an

inevitable choice to cope with social challenges.

2.0verview of big data and artificial intelligence technology

2.1 Definition and characteristics of big data

Big data refers to a collection of data with huge volume, complex types, fast generation speed and difficult to effectively ana-
lyze using traditional data processing methods'". Its core characteristics include large volume, multiple types, fast speed and
high value. Large volume is reflected in the exponential growth of data scale, such as social media, IoT devices, etc., which
generate massive amounts of data every day; multiple types refer to the diverse forms of data, including structured data such
as database records, unstructured data such as images and videos, and semi-structured data such as log files; fast speed reflects
the real-time nature of data generation and processing requirements, such as financial transactions or online recommendation
systems; high value emphasizes the insights mined through deep analysis, which can drive decision optimization and business
innovation”'. These characteristics of big data provide rich raw materials for intelligent applications, especially in the fields
of pattern recognition and trend prediction, which greatly expands the boundaries of technology application. However, the
complexity of big data also places higher demands on storage, computing and analysis capabilities, prompting the continuous
innovation of the technology system to cope with the opportunities and challenges brought by the data flood.

2.2 Basic concepts of artificial intelligence technology

Artificial intelligence technology refers to a collection of technologies that enable computer systems to perform tasks such as
perception, reasoning, learning and decision-making by simulating human intelligent behavior (Figure 1). Its core branches
include machine learning, deep learning, natural language processing, computer vision and reinforcement learning '*.
Machine learning extracts patterns from data through algorithms to drive prediction and classification tasks; deep learning
uses neural networks to handle complex nonlinear problems and performs well in image and speech recognition; natural
language processing gives machines the ability to understand and generate human language; computer vision focuses on the
analysis of image and video content; reinforcement learning optimizes decision-making strategies through trial and error and
is suitable for dynamic environments. The essence of artificial intelligence is to automate intelligent behavior based on data
and algorithms. Its development relies on powerful computing power and diverse training data, aiming to solve complex
problems and improve efficiency and accuracy in various fields .

Figure 1 Basic concepts of artificial intelligence technology
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2.3 Integration and interaction between big data and artificial intelligence
The integration of big data and artificial intelligence is an important driving force for technological progress. The two have

formed a dynamic relationship of mutual promotion. Big data provides artificial intelligence with a huge amount of training
materials, enabling algorithms to learn complex patterns from diverse scenarios, thereby improving the generalization ability

of the model™. For example, recommendation systems achieve accurate personalized services by analyzing user behavior

2



Journal of Advances in Engineering and Technology Vol. 2 No. 2 (2025)

data. In turn, artificial intelligence uses efficient data processing and analysis technologies to explore the hidden value in big
data and solve scale and complexity problems that traditional methods cannot cope with. This interaction not only accelerates
technology iteration, but also promotes cross-domain innovative applications, such as disease prediction in smart healthcare
and traffic optimization in smart cities”. However, the integration process also faces problems such as uneven data quality
and insufficient algorithm transparency, which require the coordinated solution of technology and management methods to

maximize the advantages of both.

3.Development path and trend of artificial intelligence technology in the big data era
3.1 Current status and breakthroughs in technology development

Driven by big data, artificial intelligence technology has made significant progress in recent years, especially in the fields of
deep learning, natural language processing and computer vision. Deep learning processes massive amounts of data through
large-scale neural networks, reaching or even surpassing human performance in tasks such as image recognition and speech
transcription, such as the widespread application of face recognition systems. Breakthroughs in natural language processing
technology in machine translation and dialogue systems have made cross-language communication and intelligent customer
service a reality, such as the popularization of multilingual real-time translation tools '’ Computer vision has shown great
potential in autonomous driving and medical image analysis, such as assisting disease diagnosis through scanning images.
The volume and diversity of big data provide the basis for these breakthroughs, enabling models to learn more sophisticated
patterns from complex data. However, current technology is still limited by high computing costs and data dependence, and
the robustness and interpretability of models in some scenarios are insufficient. These current situations show that artificial
intelligence has entered a rapid development stage driven by big data, but technical bottlenecks still need to be overcome to
achieve wider application.

3.2 Main Development Trends and Directions

Artificial intelligence technology has shown a diversified development trend in the big data era. First, the optimization
of model architecture has become a focus, and new algorithms such as Transformer and generative adversarial networks
continue to improve performance and efficiency. Second, automated machine learning technology is emerging, which reduces
the development threshold by automatically adjusting parameters and selecting features, and promotes the popularization of
artificial intelligence. Third, cross-modal fusion has become a hot topic, combining multimodal data such as text, images,
and voice to achieve more comprehensive intelligent perception. For example, smart assistants can understand voice
commands and visual environments at the same time. In addition, edge intelligence has gradually attracted attention, reducing
dependence on the cloud by running lightweight models on the device side, improving real-time performance and privacy
protection. These trends show that artificial intelligence is evolving in the direction of efficiency, universality, and multi-
dimensionality, striving to achieve more flexible and intelligent application scenarios with the support of big data.

Figure 2 Development direction of artificial intelligence
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3.3 Potential and Challenges of Future Technologies
Artificial intelligence has great potential in the era of big data and is expected to further reshape all walks of life. In the

medical field, accurate diagnosis and personalized treatment plans may greatly improve the level of health management;
in urban management, intelligent transportation and energy optimization based on real-time data will improve resource
utilization efficiency; in the field of education, adaptive learning systems can provide students with customized educational
experiences. However, these potentials are accompanied by significant challenges. First, data privacy and security issues
are becoming increasingly serious, and large-scale data collection may trigger a crisis of user trust. Second, algorithmic bias
may be exacerbated by the imbalance of training data, affecting the fairness of decision-making. In addition, the demand for
computing power for high-performance artificial intelligence continues to rise, and energy consumption and environmental
impact cannot be ignored. Future technological breakthroughs need to balance efficiency and ethics, explore models with
strong interpretability and low resource consumption, and jointly address privacy and fairness issues through policies and

technologies to ensure the sustainable development of artificial intelligence.

4.Conclusion and Prospects

4.1 Research Summary

This study systematically analyzed the development path of artificial intelligence technology in the era of big data and
revealed the mechanism and significance of the integration of the two. Big data, with its massiveness, diversity and real-time
nature, provides a key driving force for artificial intelligence, and promotes breakthroughs in deep learning, natural language
processing and other fields. Artificial intelligence mines data value through efficient algorithms and realizes a wide range of
applications such as personalized recommendations and precision medicine. Studies have found that current technologies
have made significant progress in model performance and application scenarios, but still face limitations such as high
computing costs and insufficient interpretability. In terms of development trends, model optimization, automated machine
learning and multimodal fusion are leading technological innovation, while edge intelligence has expanded the application
boundaries. Overall, the deep interaction between big data and artificial intelligence has not only accelerated technological
iteration, but also injected new vitality into the social economy, laying a solid foundation for subsequent research and
practice.

4.2 Outlook on future development paths

In the future, artificial intelligence will make further breakthroughs with the support of big data, deeply penetrate into fields
such as medical care, education and urban management, and help accurate decision-making and resource optimization. At
the technical level, efficient algorithms and low-power models will become the focus to cope with computing bottlenecks
and environmental challenges. At the same time, privacy protection and algorithm fairness need to be solved through
the coordination of technology and policy to ensure that the benefits of technology benefit a wider group of people.
Interdisciplinary collaboration will also promote the development of explainable artificial intelligence and enhance public
trust. Looking ahead, the integration of artificial intelligence and big data will continue to drive intelligent transformation and

shape a more efficient and fair digital society.
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