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Spatiotemporal Agent-based Simulation of Residential Areas

Integrating
Discrete Choice and Multi-Agent Modeling: Theoretical Model Construction and
Research Framework
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Abstract: The effectiveness of residential area planning depends on a deep under-

standing of the complex interactions between residents' heterogeneous activities and
the built environment. Current research is shifting from static spatial analysis toward
dynamic spatiotemporal activity modeling, micro-level individual behavior representa-
tion, and individual activity decision-making simulation. However, modeling indi-
vidual activity decisions still faces challenges in quantifying personal preferences and
systematically evaluating decision influencing factors. In addition, the heterogeneous
interactions and bottom-up mechanisms between individuals and space remain insuffi-
ciently explored. Drawing on the planning-activity system framework of time geogra-
phy as a theoretical foundation, this study proposes a hybrid simulation framework
integrating the mixed Logit model (MLM) with agent-based modeling (ABM). It out-
lines a three-stage model construction framework: 1) agent configuration with dual
static-dynamic attributes; 2) decision mechanisms reflecting individual preference het-
erogeneity and parameter estimation; 3) ABM simulation integrating planning, execu-
tion, and feedback. Four application scenarios are proposed: multidimensional dy-
namic evaluation of activity space effectiveness, analysis of interaction mechanism
and attribution between individuals and their activity spaces, shaping and scene con-
struction of spatial polysemy based on activity simulation, and scenario simulation
and intervention evaluation for activity space development. This framework provides
a computable approach for understanding the complexity and heterogeneity of human-
land interactions within activity spaces, while also offering scientific decision-making

tools for human-centered and precision-oriented urban renewal and governance.
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Tab.1 Attributes and data sources of resident agents
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