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Abstract:

This study aimed to generate redesign alternatives based on previously extracted soft design rules, evaluate and rank the alternatives using
the TOPSIS multi-criteria decision-making technique, and simulate the performance of the optimal alternative to improve space-syntax and
footfall indicators on the G2 floor of Iran Mall. A quantitative, algorithmic, simulation-based design was employed. Six soft design rules
derived from the preceding research phase were parameterized within predefined ranges of physical modification, resulting in five distinct
spatial alternatives. The alternatives were evaluated using five key performance indicators—footfall, space occupancy rate, user satisfaction,
social interactions, and economic value—and three key risk indicators—remaining blind spots, deviation from predicted footfall, and budget
deviation. Criterion weights were determined using the Analytic Hierarchy Process, after which the alternatives were ranked using TOPSIS.
Sensitivity analysis and expert feedback were subsequently applied to refine the leading alternative and develop the optimized Alternative
+3. Spatial, visual, network, and pedestrian-flow analyses were conducted using DepthmapX, Gephi/AGraph, and MassMotion. TOPSIS
identified Alternative 3 as the leading solution, with a relative closeness coefficient of 0.766, a distance of 0.234 from the positive ideal
solution, and a distance of 0.766 from the negative ideal solution. Sensitivity analysis confirmed the stability of this selection in six scenarios;
only reducing the occupancy-rate weight from 0.25 to 0.20 caused Alternative 4 to replace it. Following further optimization, Alternative +3
achieved a mean integration value of 21.60, mean spatial depth of 4.35 steps, choice value of 5,450, visual permeability of 0.55, only five
remaining blind spots, and daily footfall of 5,750 users. Space occupancy reached 82%, while the final TOPSIS score increased to 0.790.
Integrating generative design, space-syntax analysis, and TOPSIS provides a systematic and evidence-based framework for optimizing large-
scale shopping-center layouts. The optimized configuration demonstrates that restructuring circulation loops, strengthening horizontal and
vertical connectivity, and enhancing visual permeability can simultaneously reduce spatial isolation, improve movement distribution and
accessibility, and enhance the commercial performance of upper retail floors.
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Extended Abstract

Introduction

Large-scale shopping centers have evolved from relatively simple retail environments into complex, multi-level spatial
systems in which commercial performance is closely associated with accessibility, visibility, pedestrian circulation, spatial
configuration, and the distribution of attractive functions. One of the most persistent challenges in such complexes is the
progressive decline in pedestrian footfall on upper floors. Vertical separation, insufficient visual continuity, poorly positioned
escalators, excessive spatial depth, fragmented circulation loops, and the formation of poorly integrated peripheral areas may
collectively cause upper-level retail units to become spatially isolated. Recent research has highlighted the “verticality
challenge” in shopping malls, emphasizing that maintaining pedestrian movement across successive levels requires careful
coordination between vertical circulation and horizontal spatial structure (2). Similarly, empirical analysis of pedestrian
distribution in commercial environments has demonstrated that the spatial structure of movement networks is associated with
the distribution and concentration of users (1).

Space syntax provides an appropriate theoretical and analytical basis for investigating these relationships. The foundational
proposition of space syntax is that spatial configuration is not merely a geometric property but a relational structure capable of
shaping accessibility, movement, encounter, and social use (3, 4). Indicators such as integration, normalized mean depth, and
choice make it possible to quantify how accessible or segregated individual spaces are within the entire configuration. The
application of these concepts to Iranian bazaars and contemporary shopping centers has confirmed their utility for identifying

movement hierarchies, spatial isolation, and differences in behavioral use (5-7). Computational advances have further
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strengthened this analytical framework. Depthmap and subsequently DepthmapX enabled axial analysis and visibility graph
analysis to quantify spatial and visual relationships systematically (8, 9). More recent high-resolution geometric approaches
have further expanded the ability to examine fine-grained relationships within complex built environments (10).

Network analysis provides a complementary perspective on spatial performance. Betweenness and closeness centrality allow
researchers to identify nodes that play important intermediary or accessibility roles within a network (13, 14). AGraph has
facilitated the application of such network measures to architectural and spatial systems (15), while more recent research on
local and global centrality has demonstrated that different scales of network organization may jointly explain spatial
performance (16). Alongside configurational analysis, agent-based simulation makes it possible to estimate how madifications
in spatial structure may translate into changes in pedestrian movement and social interaction before physical implementation.
MassMotion is specifically designed for modeling pedestrian flows and testing alternative spatial scenarios (18).

Contemporary architectural design has simultaneously shifted toward data-driven and computationally supported decision-
making. Data-driven design reduces reliance on intuition alone by incorporating measurable evidence into design generation
and evaluation (19, 20). The increasing integration of big data into architecture and urban planning has further expanded the
potential for identifying spatial patterns and transforming analytical outputs into design decisions (21-23). Generative and
parametric design are central to this transition because they enable designers to define rules and variable ranges rather than
producing only one predetermined solution. Parametric modeling allows spatial attributes to be manipulated systematically
(24), whereas generative design expands the solution space by algorithmically producing multiple alternatives from explicitly
defined constraints and rules (25, 26). Reverse engineering can further support this process by extracting transferable design
logic from existing successful precedents and translating implicit spatial knowledge into explicit rules (27, 28).

However, generating multiple alternatives does not by itself determine which alternative offers the most appropriate balance
among potentially conflicting criteria. Multi-objective optimization approaches such as NSGA-II demonstrate the value of
exploring multiple non-dominated solutions rather than seeking a single simplistic optimum (29). In architectural decision-
making, this logic can be complemented by multi-criteria decision-making techniques. TOPSIS selects alternatives according
to their simultaneous proximity to a positive ideal solution and distance from a negative ideal solution (30). Its suitability for
problems containing both benefit and cost criteria has been demonstrated in comparative MCDM research (31). This evidence-
based approach is consistent with broader developments in architectural design, which emphasize measurable performance,
transparent evaluation, and reproducible decision processes (32). Such systematic procedures are particularly relevant to the
AECO sector, where persistent productivity limitations have encouraged greater use of computational and analytical methods
(33, 34). Accordingly, the present study aimed to parameterize previously derived soft design rules, generate and evaluate
alternative redesign scenarios, rank them using TOPSIS, and simulate an optimized configuration to improve spatial
performance, reduce commercial blind spots, and increase pedestrian footfall on the G2 floor of Iran Mall.

Methods and Materials

The study employed a quantitative, computational, simulation-based design focusing on the G2 floor of Iran Mall. The
baseline configuration contained 28 commercial blind spots, a mean integration value of 16.77, a normalized mean spatial
depth of 6.06 steps, and an estimated daily footfall of 4,200 users. The research procedure consisted of five integrated stages:
parameterization of six previously derived soft design rules, algorithmic generation of alternatives, definition and weighting of
performance and risk indicators, TOPSIS-based evaluation, and final simulation and optimization. Six design variables were

operationalized within predefined ranges: escalator location, number of new circulation paths, width of main corridors, location
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of major brands, central void area, and location of public spaces. Five distinct alternatives were subsequently generated, ranging
from minimum intervention to extensive structural, visual, or accessibility-oriented modifications.

Evaluation incorporated five key performance indicators—footfall, occupancy rate, user satisfaction, social interaction, and
economic value—and three key risk indicators—remaining blind spots, deviation from projected footfall, and budget deviation.
The corresponding weights were determined through the Analytic Hierarchy Process. Spatial indicators were calculated using
DepthmapX through axial analysis and visibility graph analysis. Gephi/AGraph was used to examine network centrality, while
MassMotion was used for agent-based pedestrian simulation and estimation of footfall and social interaction. The alternatives
were then ranked using TOPSIS by constructing and normalizing the decision matrix, applying criterion weights, defining
positive and negative ideal solutions, calculating Euclidean distances, and estimating relative closeness coefficients. Sensitivity
analysis was performed by changing the weights of footfall, occupancy, and remaining blind spots by +20%. Finally, the
highest-performing alternative was refined through targeted spatial modifications and re-evaluated as Alternative 3+.

Findings

The five initial alternatives produced substantially different spatial and functional outcomes. Alternative 1 generated only
limited improvements: integration increased from 16.77 to 17.60, spatial depth decreased to 5.70 steps, blind spots declined
from 28 to 22, and daily footfall increased to 4,600. Alternative 2 produced greater improvements, with integration reaching
18.90, depth falling to 5.10, blind spots declining to 18, footfall increasing to 5,100, and occupancy reaching 74%.

Alternative 3 produced the strongest overall performance among the initial scenarios. Mean integration increased by 26.4%
to 21.20, normalized mean depth decreased by 25.7% to 4.50 steps, and choice increased by 35.1% from 3,850 to 5,200. The
number of blind spots decreased by 71.4%, from 28 to 8. Visual permeability increased by 78.6% to 0.50, daily footfall
increased by 33.3% to 5,600 users, and occupancy increased from 68% to 80%. Alternative 4 achieved the strongest visual
performance, increasing mean isovist area from 35 to 55 m2 and visual permeability from 0.28 to 0.52, but its structural
improvements were weaker than those of Alternative 3. Alternative 5 reduced spatial depth to 4.60 steps and blind spots to 10
while increasing daily footfall to 5,300.

TOPSIS analysis ranked Alternative 3 first with a relative closeness coefficient of 0.766, followed by Alternative 4 at 0.613,
Alternative 5 at 0.559, Alternative 2 at 0.458, and Alternative 1 at 0.215. Alternative 3 had the shortest distance from the
positive ideal solution (0.234) and the greatest distance from the negative ideal solution (0.766). Sensitivity analysis
demonstrated considerable ranking stability: Alternative 3 remained first in six of seven scenarios. Only when the occupancy-
rate weight decreased by 20%, from 0.25 to 0.20, did Alternative 4 replace it as the highest-ranked alternative.

The subsequent refinement of Alternative 3 involved reducing the area of the elliptical geometry at Node 14 by 25%, creating
a new 10-m-wide eastern route connecting Nodes 63 and 66 to the main network, locating three public/event spaces at former
blind spots, relocating the escalator at Node 0 by 15 m westward, and adding a new escalator at Node 146. The resulting
Alternative 3+ achieved a mean integration value of 21.60, representing a 28.8% improvement over the existing condition,
while mean spatial depth decreased to 4.35 steps, a 28.2% reduction. Mean choice increased by 41.6% to 5,450. Visual
connectivity increased by 160% to 2.60, mean isovist area increased by 65.7% to 58 mz, and visual permeability increased by
96.4% to 0.55. Betweenness centrality increased from approximately 850 to 920, while closeness centrality increased from
approximately 0.185 to 0.190.

Functional performance also improved considerably. Daily footfall increased from 4,200 to 5,750 users, representing a

36.9% increase. Occupancy rose from 68% to 82%, user satisfaction increased from 3.2 to 4.2, and simulated social interactions
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increased from 45 to 75 per hour. The number of commercial blind spots declined from 28 to only 5, an 82.1% reduction. The
final TOPSIS score increased from 0.105 for the baseline configuration to 0.790 for Alternative 3+.

Discussion and Conclusion

The findings demonstrate that upper-floor commercial underperformance is not attributable to a single spatial characteristic
but to the combined effects of topological depth, insufficient route choice, weak visual continuity, incomplete horizontal and
vertical circulation loops, and spatially isolated commercial areas. The superior performance of Alternative 3 indicates that
substantial improvements require coordinated modifications rather than isolated geometric interventions. In particular,
introducing additional horizontal routes while simultaneously strengthening vertical circulation substantially reduced spatial
segregation and redistributed movement opportunities across the floor.

The contrast between Alternatives 3 and 4 is especially informative. Alternative 4 achieved the highest visual permeability
among the initial scenarios, yet it did not achieve the highest overall TOPSIS score. This indicates that visual enhancement
alone is insufficient when the movement network remains structurally fragmented. By contrast, Alternative 3 achieved a more
balanced combination of structural accessibility, route choice, visual performance, occupancy, and footfall. The results
therefore support a multi-dimensional conception of commercial spatial performance in which visual, topological, behavioral,
and economic indicators must be evaluated simultaneously.

The sensitivity analysis further strengthens confidence in the decision model. The persistence of Alternative 3 as the highest-
ranked solution under six of seven weighting scenarios indicates that its selection was not dependent on a narrowly defined set
of preferences. The final refinement to Alternative 3+ demonstrates the value of an iterative workflow in which the initially
preferred option is not treated as a final solution but is subjected to targeted correction based on residual weaknesses. The
dramatic reduction of blind spots, improvement in visual permeability, increase in pedestrian footfall, and rise in occupancy
illustrate how relatively focused interventions at strategically important nodes can generate system-wide effects.

Overall, the study demonstrates that integrating generative design, space syntax, network analysis, agent-based simulation,
AHP weighting, and TOPSIS provides a transparent and reproducible framework for evidence-based redesign of complex
shopping environments. The optimized Alternative 3+ substantially improved configurational accessibility, visual continuity,
pedestrian distribution, user-related performance, and commercial indicators while sharply reducing spatial blind spots. The
proposed framework can therefore serve as a practical model for diagnosing and redesigning underperforming upper floors in
large-scale shopping centers, particularly where design decisions must be made under multiple and potentially conflicting

performance and risk criteria.
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