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Abstract

Objective: To systematically review the historical development, core research fields, and frontier
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technological evolution of computer science, analyze its practical value in education, healthcare, in-
dustrial manufacturing, transportation, finance, and social governance, and discuss its major chal-
lenges and future directions. Methods: This study adopts a literature-based and integrative analyt-
ical approach. From the perspectives of historical development, disciplinary connotation, key tech-
nologies, representative applications, and future trends, it provides a systematic discussion of com-
puter science, with particular attention to artificial intelligence, computer vision, multimodal tech-
nology, robotics, modern communications, cloud-edge collaboration, and cybersecurity. Results: The
analysis shows that computer science has evolved from early numerical computation and program-
ming into a comprehensive technological system underpinning digital society. Its frontier technolo-
gies are continuously enhancing machines’ capabilities in perception, understanding, generation,
and decision-making, and have produced significant application outcomes across multiple indus-
tries. At the same time, data security, privacy protection, algorithmic ethics, the digital divide, inde-
pendent innovation in core technologies, and the cultivation of high-level talents remain critical is-
sues affecting high-quality development. Conclusion: Computer science will continue to advance to-
ward intelligence, integration, sustainability, security, and technological self-reliance, and will play
an increasingly fundamental role in promoting scientific innovation, industrial upgrading, and so-
cial modernization.
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Table 1. Overview of the research structure and chapter logic
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Figure 1. Timeline of the development stages of computer science
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Table 2. Four dimensions of the disciplinary connotation of computer science
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Figure 2. Relationship diagram of major research fields in computer science
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Figure 3. Evolutionary stages and capability improvement of artificial intelligence
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Table 3. Stages, representative methods and practical value of artificial intelligence
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Table 4. Main technologies, maturity and application scenarios of computer vision
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Table 5. Key processes and typical value of multimodal technology
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Table 6. Development levels and typical applications of robotics
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Table 7. Comparison of stages and typical capabilities of modern communication technology
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Figure 4. Collaborative architecture of cloud computing, edge computing and the internet of things
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Table 8. Overview of computer science applications in education
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Table 9. Typical technologies and value in healthcare
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