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Abstract

To clarify the development of rumor propagation models and simulation methods in complex social
networks, this paper reviews classical rumor propagation theories, differential equation models,
complex network topology and higher-order interaction models, and models integrating large lan-
guage model agents with dynamical constraints. First, starting from the Allport-Postman model,
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Knapp’s rumor classification, and compartmental modeling ideas, this paper explains the founda-
tional role of classical theories in propagation-variable selection and state classification. Second,
the modeling significance of the DK model, fractional-order ISDR model, and SKT-type partial dif-
ferential equation model is analyzed in terms of propagation mechanisms, memory effects, rumor-
refutation feedback, spatial diffusion, and spatiotemporal pattern characterization. Furthermore,
the roles of topological structures such as scale-free networks, community structures, node central-
ity, simplicial complexes, and hypergraphs in key spreader identification, collective synergistic
propagation, and abrupt diffusion analysis are discussed. Finally, the application of LLM agents cou-
pled with cellular automata and SIR mechanisms in opinion evolution simulation is examined. The
results show that rumor propagation modeling is gradually evolving from macro-level empirical
explanation toward dynamic mechanism characterization, topological structure constraints, spati-
otemporal coupling analysis, and agent-based simulation integration, which can provide theoretical
references for public opinion prediction and intervention strategy design in complex network en-
vironments.
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Table 1. Development context and modeling characteristics comparison of rumor propagation models
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