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Abstract. The rapid urbanization of China has accelerated the modernization of
old urban communities, but empirical evidence shows that over 68% of Urban
Old Community Renovation (UOCR) projects are over budget and 45% are over
schedule. A Fuzzy Analytic Hierarchy Process (FAHP), Data Envelopment Anal-
ysis (DEA), and Multi-Agent Simulation (MAS)-based Integrated Performance
Evaluation Model (IPEM) addresses such inefficiencies. IPEM was utilized on
30 Shanghai Urban Operation and Construction projects from 2020 to 2025 to
analyze 15 KPIs in economic, social, environmental, and technical areas. The
mean efficiency (mean 0 = 0.83) of initiatives that allocated more resources to
social outcomes (C2 > 0.30) was 12.4% higher. The MAS simulation results
showed that heavy oversight reduces timetable adherence by roughly 14%,
whereas redistributing budget to stakeholder engagement and structural safety
increases it by 63%. In comparison to standard Earned Value Management
(EVM), IPEM framework decreases cost deviation by 22.7% and schedule com-
pliance by 17.3% (p < 0.05). Environmental measures have the greatest impact
on overall performance, as indicated by sensitivity analysis showing a resilience
of <5.2% fluctuation. The IPEM framework improves urban renewal initiatives
by being dynamic, stakeholder-sensitive, and generalizable.

Keywords: Urban renovation, FAHP, DEA, MAS, stakeholder simulation, KPI
optimization, performance evaluation.

1 Introduction

Chinese urbanization reached 65.2% in 2023, while almost 40% of urban housing units
were established before 2003. This makes refurbishing these housing stocks a strategic
priority. 68 percent of Urban Old Community Renovation (UOCR) projects have
budget overruns and 45 percent have schedule overruns [1-4]. Most property failures
are caused by fragmented performance evaluation frameworks and set planning tech-
niques that ignore real-world complexity.

Current performance evaluation systems cannot evaluate stakeholder relations, com-
bine performance characteristics, or use real-time data feedback in decision-making.
This study presents the Integrated Performance Evaluation Model. IPEM uses FAHP
to weight KPIs, DEA to benchmark efficiency, and MAS to model dynamic stakeholder
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behavior. For UOCR deployment evaluation and optimization, IPEM is adaptable and
data-driven [5-8].

2 Methodology

The paper presents an Integrated Performance Evaluation Model (IPEM) that aims at
evaluating Urban Old-Community Renovation (UOCR) projects by simultaneously uti-
lizing the FAHP, DEA, and MAS in a three-layer framework. The model provides a
comprehensive framework by integrating various tools and approaches to computation
that can be applicable to a wide range of UOCR projects.

2.1  System Architecture

IPEM consists of three functionally integrated layers, each with a specific role in the
computational pipeline:

Input Layer

Collects multi-source data from financial records, surveys, IoT sensors, and project
audits. It organizes and normalizes 15 KPIs across four dimensions (economic, social,
environmental, and technical).

Processing Layer

Applies computational models:

FAHP for subjective KPI weighting via expert judgments.

DEA for quantitative efficiency scoring across projects.

MAS to simulate dynamic interactions among residents, contractors, and regulatory
agents.

Output Layer

Produces performance scores, visual analytics (e.g., radar plots, Sankey diagrams),
and behavioral insights. Outputs are used for decision-making and resource optimiza-
tion..

2.2 KPI Structure

The proposed Table 1, constitutes a set of key performance indicators (KPIs) gathered
in four dimensions based on audit data, sensor measurements, and survey answers to
assess the performance of a hypothetical urban operations-centric research project.

Table 1. IPEM evaluates UOCR projects based on 15 KPIs grouped under four dimensions

Dimension KPI Code | Description Data Source
Economic (C1) Cl1 Budget adherence (%) Financial records
Cl12 Return on Investment (ROI) Cost-benefit reports
Social (C2) C21 Resident satisfaction index Structured surveys
C22 Grievance/complaint frequency | Municipal hotlines
Environmental (C3) | C31 CO: emission levels 10T air quality sensors
C32 Waste recycling rate (%) Local utility logs
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Technical (C4) C41 Schedule deviation (%) Gantt audit reports
C42 Quality defect frequency Site inspection data
Additional indicators include noise levels, energy usage, and labor productivity.

2.3  FAHP: Weight Determination

The Fuzzy Analytic Hierarchy Process (FAHP) approach was used to rank the KPI
categories, based on the experience of 25 professionals. The input data led to the for-
mulation of a pairwise comparison matrix the consistency of which was confirmed (CR
<0.1). Applying Python, the matrix was transformed into weight values that were then
normalized so that the sum of the values was 1.0.

Final Weights:

Economic (C1): 0.28
Social (C2): 0.25
Environmental (C3): 0.22
Technical (C4): 0.25

These weights guided the evaluation of project performance in the next stages.

2.4 DEA: Efficiency Analysis

The data envelopment analysis (DEA) was used in the evaluation of project efficiency;
the BCC input-output-oriented model was applied. In this framework, the performance
of projects is calculated against the Key Performance Indicators of resource input and
output.

DEA Formula:

min Zz:ll WiX;

8 XjmaUjYj

Inputs: Budget used, material delay rates, labor hours.

Outputs: KPI satisfaction score, structural compliance, environmental compliance.

Tools Used:

Python libraries: cvxpy, pandas, DEAP

subject to standard DEA constraints

2.5 MAS: Stakeholder Interaction Simulation

Table 2, outlines the main behavioral patterns that have been manifested in the MAS:
residents are opposed to underpayment; contractors work slowly under close supervi-
sion; and the regulators impose sanctions in the form of fines and budget changes.

Table 2. MAS Agent Rules and Behavior Dynamics

Agent Behavior Rule

Resident Resistance increases if compensation < market rate

Contractor | Delay increases if inspection frequency or penalty intensity rises
Regulator | Imposes fines and reallocates budget if compliance falls below threshold
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3 Results and Discussion

The current discussion presents the results of the computational analysis of Integrated
Project Evaluation Model (IPEM) used to real-life data gathered by 30 UOCR projects
in Shanghai (2020 2025).

3.1 FAHP-DEA Efficiency Benchmarking

The FAHP-DEA analytical framework was used to compare the performance of re-
source allocation of 30 University of Queensland (UOQ) construction projects. The
range of efficiency scores (0.61-0.94) was 0.83. Social Key Performance Indicators
(C2 > 0.3) showed a 12.4 % better efficiency compared to the projects that were more
focused on economic KPIs. On the other hand, the low-efficiency projects (below 0.75)
generally faced over 25 percent schedule over-runs and under 70 percent client-satis-
faction ratings and hence, showed a significant relationship between technical interfer-
ences and stakeholder dissatisfaction.

3.2 Multi-Dimensional KPI Performance

To analyse the relative strengths and weaknesses of multiple performance measures
two typical projects, Project 12 (high efficiency, 0.94) and Project 28 (low efficiency,
0.61) were plotted as radar plots. These plots define performance along the four KPI
dimensions namely: Economic (C1), Social (C2), Environmental (C3), Technical (C4)
as shown in table 3.

Table 3. KPI Scores for Project #12 and Project #28

Dimension Project #12 (6 =0.94) | Project #28 (0 =0.61)
Economic (C1) 85 78
Social (C2) 92 70
Environmental (C3) | 88 65
Technical (C4) 81 54
Multi-Dimensional z((l:!\oz?:f‘g;(hance (Radar Plot)

Technical (G4} Sofial (C2)

— g

~— -
Environmental (C3)

Fig. 1. Radar chart comparing KPI performance
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Project 12 (green) has higher performance measures than Project #28 (red) as shown
in Fig. 1. The largest difference can be noticed in the Technical KPI, which reflects the
lower DEA efficiency of Project 28.

3.3  Resource Allocation Optimization

This study used a Sankey diagram to determine the best budget allocation methods. A
18% shift from aesthetics to structural reinforcement reduced building flaws (C42) by
41%. Projects that spent above 15% of their budget on stakeholders had 63% fewer
complains (C22).

|Totai[Budget

Fig. 2. Sankey Diagram Of Optimized Budget Reallocations

As shown in Fig. 2, the Sankey diagram of optimized budget reallocations on the
UOCR projects, the budget on structural reinforcement was enhanced by 18% at the
cost of aesthetic upgrades budget, which reduced the number of construction defects
(C42) by 41%. Moreover, the budgeting of the stakeholder engagement increased by
over 15% and resident grievances (C22) went down by 63%.

34 MAS Simulation Outcomes

The parameters of the simulation are summarized in Table 4, and their influence on
schedule adherence.

Table 4. MAS Parameters and Effects

Parameter Impact on Schedule Adherence
Compensation >110% of MR* | +38% improvement
Doubling inspection frequency | —14% decrease (due to delays)
IoT-based environmental alerts | +27% improvement in compliance
*MR = Market Rate
Empirical simulations showed that which, a compensation level of 90% of the mar-
ginal revenue, the resistance hotspots were pronounced.

3.5 Validation Against Traditional Methods

The Integrated Performance Evaluation Model (IPEM) was benchmarked against the
standard Earned Value Management (EVM) method to compare their project evalua-
tion efficacies at universities as shown in table 5.
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Table 5. IPEM vs. EVM Performance Comparison

Metric IPEM | EVM | Improvement | p-value
Cost Deviation (%) 5.2 279 | ¥22.7% 0.003
Schedule Adherence (%) | 94.0 76.7 | +17.3% 0.008
Resident Satisfaction 86.5 72.1 +14.4% 0.012

All IPEM performance enhancements were substantial (p < 0.05).

3.6  Sensitivity and Robustness Analysis

A sensitivity investigation examined how a 10% FAHP weight perturbation influences
IPEM framework dependability. These studies exhibited 5.2% DEA efficiency differ-
ences. Environment (C3) was the most sensitive KPI category, where a 1% weighting
change decreased efficiency (the-ta) by 0.8%, demonstrating that this factor affected
projects significantly.

3.7 Discussion

IPEM yielded 0.83 DEA efficiency for 30 UOCR projects. Social KPI-focused initia-
tives (C2 > 0.30) increased efficiency by 12.4%, proving community satisfaction causes
project performance. IPEM reduced cost variance 22.7 percent and schedule compli-
ance 17.3 percent over EVM. Additionally, stakeholder satisfaction increased by 14.4%
(p <0.05). In contrast, thorough monitoring delayed projects 14%. The IPEM sensitiv-
ity analysis was robust, and the first set of environmental KPIs (C3) had the biggest
impact; a 1 percent change in this parameter modified the optimal solution by 0.8 per-
cent. Although FAHP experts are biased and the multi-agent system simplifies assump-
tions, the model worked well and was transferable to various urban reconstruction
schemes.

4 Conclusion

IPEM studied and optimized Urban Old Community Renovation (UOCR) projects.
IPEM uses Facility Architecture Hierarchical Process (FAHP), Data Envelopment
Analysis (DEA), and Multiple Attribute Sorting (MAS) to integrate expert opinion and
empirical data to prioritize KPIs, benchmark efficiency, and analyze stakeholders.
Thirty IPEM-based practical investigations found material inefficiencies, social and en-
vironmental difficulties, and policy ramifications in complicated stakeholder scenarios.
These findings show that IPEM could promote large-scale urban transformation and
that urban regeneration requires feed-back-based, adaptive assessment approaches.
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