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framework and applications
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Abstract

In complex systems represented by megacities, large-scale cross-domain data circulation exhibits distinct characteristics
such as dispersed data sources, heterogeneous data, cross-scenario application, and dynamic rules, which pose
systematic challenges to the collaborative governance of multi-source data. To address these challenges, this paper firstly
elaborates on the evolution of data governance paradigms from multiple perspectives, analyzing the conceptual
foundations, technological approaches, and application characteristics of each stage. It subsequently summarizes the
technical challenges and scientific questions encountered in the entire spatial scope, innovatively proposing the Data
Governance 5.0 paradigm characterized by data symbiosis along with its corresponding technical framework. Finally, the

application of this proposed paradigm is demonstrated through a case study of an Intelligent Data Operating System.
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