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Abstract

This research focuses on the key issues of the relocation compensation mechanism design and
spatial resource allocation optimization in the renovation of old urban blocks. By integrating the
spatial topological network theory, behavioral economics principles, and dynamic programming
methods, it conducts systematic theoretical modeling and algorithm innovation, establishing a
multi-dimensional coupled decision-making model system. This effectively addresses related
problems such as the design of relocation compensation plans, maximizing the utilization of the
entire courtyard area, calculating the cost-benefit gain inflection point, and constructing the
framework of an intelligent decision-making software. The research constructs a dual-dimen-
sional compensation decision-making model that integrates physical space attributes and resi-
dents’ psychological expectations. In the case application, the relocation success rate reached
95.58%, while the proportion of renovation compensation cases was controlled at 39.81%.
Through the Delaunay triangulation algorithm, a spatial topological network was constructed to
optimize spatial reorganization, successfully vacating 34 complete courtyards (vacation rate
94.4%), optimizing an area of 12,890 square meters, achieving a net income of 122.9747 million
yuan over a ten-year period, and an investment return rate of 538%. By using a model that com-
bines stochastic differential equations and dynamic programming, the cost-benefit gain inflection
point at a relocation rate of 79.3% was identified. At this point, 28 complete courtyards could be
vacated and a maximum rental premium of 35% could be obtained. Additionally, an intelligent
decision support system based on digital twin technology and adopting a five-layer architecture
was developed, integrating a multi-objective optimization solver and an LSTM-GAN prediction
model, which can provide efficient and precise automated technical support for the decision-mak-
ing of old urban block relocation and replacement.
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Figure 1. Heatmap of the effectiveness of the relocation plan
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Figure 2. The interface of the intelligent decision-making system for the relocation and adjustment
of the old urban area—result overview
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Figure 3. The interface of the intelligent decision-making system for the relocation and adjustment
of the old urban area—spatial optimization
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Figure 4. Interface of the intelligent decision-making system for old urban area
migration and adjustment-plot display
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Figure 5. Shapley value sensitivity function perturbation analysis
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