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CrossMark

In today’s world, online stores have become major platforms for the distribution of
goods, through which customers select products and place their orders. Similar to
conventional retail stores, online stores require warehouse facilities from which
ordered products are delivered to customers; therefore, they require optimized
location—routing systems. In this study, a location—routing model for online stores was
designed by considering route risk, location risk, simultaneous pickup and delivery,
and flexible time windows. The model was analyzed using the NSGA-Il1 and MOGWO
metaheuristic algorithms. The results indicated that increases in route risk, location
risk, and integrated location—routing risk can lead to higher costs and greater customer
dissatisfaction, while the impact of integrated location—routing risk is greater than the
separate effects of location risk and route risk. Furthermore, enhancing flexibility in
time windows and delivering goods according to customer preferences and demands
requires higher costs and greater risk tolerance on the part of the online store.
Keywords: Location—Routing; Online Stores; Route Risk; Location Risk; Simultaneous
Pickup and Delivery; Flexible Time Window
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Extended Abstract
Introduction

The rapid expansion of e-commerce and digital marketplaces has fundamentally transformed
modern distribution systems and supply chain structures. Online retail platforms have become one of the
most significant channels for product distribution, enabling customers to purchase goods without
geographical limitations and creating substantial pressure on logistics systems to provide efficient,
reliable, and flexible delivery services. In this context, location—routing problems (LRPs) have emerged
as a critical area of study in supply chain management and logistics engineering because they integrate
facility location decisions with vehicle routing optimization in a unified framework. Earlier studies
generally considered location and routing as independent decision-making problems; however, more
recent research has demonstrated that simultaneous optimization of these dimensions produces more
realistic and efficient logistics solutions by better reflecting operational complexities in real-world systems
(Lou et al., 2024). In routing problems, the primary objective is typically to determine optimal
transportation paths between suppliers and customers, whereas location problems focus on identifying the
best locations for warehouses, hubs, or distribution facilities (Li et al., 2025). The integration of these two
dimensions has enabled researchers to address practical challenges associated with cost reduction, service
quality improvement, and risk management. In recent years, researchers have increasingly incorporated
uncertainty and risk considerations into location—routing models, especially in the context of e-commerce
logistics where customer expectations regarding delivery speed and reliability continue to increase. Route
disruptions, traffic congestion, road closures, environmental uncertainty, and operational vulnerabilities
have encouraged scholars to examine route and facility risks as essential components of logistics
optimization models (Temiz et al., 2025). Studies have also investigated simultaneous pickup and delivery
systems, flexible delivery time windows, and sustainable transportation strategies in urban logistics and
e-commerce distribution networks (Belbag, 2024; Giilmez et al., 2024). Flexible time windows are
particularly important because they improve customer satisfaction by aligning delivery schedules with
customer preferences instead of imposing fixed delivery times determined solely by logistics providers.
Moreover, simultaneous pickup and delivery operations increase vehicle utilization efficiency and
improve reverse logistics performance. Despite substantial advancements in the literature, few studies
have simultaneously integrated route risk, location risk, simultaneous pickup and delivery, and flexible
time windows into a multi-objective location—routing model for online retail systems. Therefore, the
present study addresses this research gap by proposing a three-objective location—routing model for online
stores that minimizes total logistics cost, customer dissatisfaction, and integrated route-location risk
simultaneously. The model was solved using the NSGA-II and MOGWO metaheuristic algorithms to
evaluate the effectiveness of the proposed framework in large-scale logistics environments.

Methods and Materials

This study employed a quantitative optimization-based research design centered on the
development of a three-objective mathematical location—routing model for online retail logistics systems.
The proposed model was designed to optimize warehouse location selection and vehicle routing
simultaneously while incorporating operational risks, simultaneous pickup and delivery, and flexible
customer-oriented time windows. The first objective function minimized total logistics costs, including
facility establishment costs and transportation costs associated with routing operations. The second
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objective minimized customer dissatisfaction based on flexible delivery time windows, while the third
objective minimized integrated route and facility risk levels across the distribution network. The model
considered customers, candidate warehouse locations, transportation routes, and flexible delivery time
priorities as the primary system components. Several assumptions were incorporated into the model to
increase realism and practical applicability. Flexible time windows were determined according to
customer preferences rather than supplier convenience. Both facilities and transportation routes were
associated with specific risk levels. Facilities could either be opened or closed depending on optimization
outcomes. Simultaneous pickup and delivery operations were permitted, allowing vehicles to deliver
products and collect returns during the same route. Furthermore, routing decisions depended directly on
customer allocation to facilities, meaning that no routing operation was permitted unless a customer was
assigned to a specific warehouse. Binary decision variables were defined to determine facility opening
status, route selection, customer allocation, and time-window assignment. The model constraints ensured
that each customer was visited exactly once, each customer was assigned to a single facility, closed
facilities could not serve customers, routing continuity was maintained, and all customers were associated
with one preferred time window. To solve the proposed optimization problem, two advanced multi-
objective metaheuristic algorithms were implemented: the Non-dominated Sorting Genetic Algorithm |1
(NSGA-II1) and the Multi-Objective Grey Wolf Optimizer (MOGWO). These algorithms were selected
because of their proven capability in solving complex multi-objective location—routing problems
efficiently. Twenty experimental problem instances were generated with varying dimensions ranging from
10 to 200 customers, 1 to 30 facilities, and 1 to 20 transportation routes. The computational analysis
focused on evaluating total cost, customer dissatisfaction, risk levels, and computational time for both
algorithms across different problem scales. Additional sensitivity analyses were conducted to investigate
the impact of increasing location risk, route risk, and integrated location—routing risk on total cost and
customer dissatisfaction. Another scenario analysis evaluated the consequences of maximizing flexible
time-window satisfaction on logistics cost, customer dissatisfaction, and operational risk.

Findings

The computational experiments demonstrated that both NSGA-I1 and MOGWO algorithms were
capable of solving the proposed multi-objective location—routing problem effectively across all problem
dimensions. As expected, increases in problem size resulted in higher values for cost, customer
dissatisfaction, operational risk, and computational time. The numerical results showed that the MOGWO
algorithm generally achieved lower logistics costs and lower customer dissatisfaction levels compared
with NSGA-II, while NSGA-I1 generated slightly lower operational risk values. For example, in the largest
problem instance containing 200 customers, 30 facilities, and 20 routes, the NSGA-I1 algorithm produced
a total cost value of 40,440, customer dissatisfaction value of 4,655, and risk value of 54 with a
computational time of 162 seconds. In comparison, the MOGWO algorithm generated a lower total cost
value of 39,607 and lower dissatisfaction value of 4,590, although the risk value increased slightly to 55
while computational time decreased to 153 seconds. The findings indicated that MOGWO exhibited
superior performance regarding computational efficiency, cost minimization, and customer satisfaction,
whereas NSGA-I11 performed better in risk minimization. The graphical analysis confirmed that increases
in problem dimensions caused a continuous rise in total logistics costs due to higher transportation
complexity and facility allocation requirements. Customer dissatisfaction also increased with larger



network dimensions because maintaining customer-oriented delivery schedules became increasingly
difficult in larger systems. Similarly, integrated operational risk increased as the number of facilities and
transportation routes expanded. Sensitivity analysis revealed that increasing location risk, route risk, and
integrated location—routing risk significantly affected both logistics cost and customer dissatisfaction. A
50% increase in location risk resulted in approximately 11.7% growth in total cost and 9.8% growth in
customer dissatisfaction. A similar increase in route risk generated approximately 13.5% cost growth and
10.5% dissatisfaction growth. However, the simultaneous increase in both location and route risk
produced the greatest negative impact, increasing total cost by nearly 14.8% and customer dissatisfaction
by approximately 12.5%. These findings confirmed that integrated logistics risk exerts a stronger influence
on operational performance than isolated route or facility risk alone. Additional analysis examined the
effect of maximizing flexible time-window satisfaction. Results demonstrated that increasing time-
window flexibility reduced customer dissatisfaction significantly but simultaneously increased both cost
and risk. Specifically, maximizing flexible delivery preferences by 50% reduced customer dissatisfaction
by approximately 17%, but increased total logistics cost by roughly 13% and increased operational risk
by approximately 26%. Therefore, providing highly flexible customer-oriented delivery schedules
requires online stores to accept higher operational complexity, increased routing uncertainty, and greater
financial expenditure.

Discussion and Conclusion

The findings of this study demonstrate the importance of integrating routing decisions, facility
location decisions, operational risks, simultaneous pickup and delivery systems, and flexible customer-
oriented delivery windows within a unified logistics optimization framework for online retail systems.
The proposed model successfully addressed multiple managerial objectives simultaneously and showed
that balancing cost efficiency, customer satisfaction, and risk management is one of the most critical
challenges in e-commerce logistics operations. The results confirmed that operational risks associated
with both facilities and transportation routes significantly influence logistics performance and customer
satisfaction outcomes. In particular, integrated location—routing risk had a stronger effect on operational
efficiency than independent route or location risk, indicating that logistics managers should adopt
integrated risk-management strategies rather than focusing on isolated operational components. The
findings also revealed that improving delivery flexibility substantially reduces customer dissatisfaction
because customers increasingly value delivery services aligned with their personal schedules and
preferences. However, this increased flexibility imposes additional operational burdens on online retailers
by increasing transportation costs, route complexity, and exposure to operational risks. Consequently,
managers must carefully balance customer-oriented service policies with cost and risk considerations
when designing logistics systems. From a computational perspective, the MOGWO algorithm
demonstrated superior performance regarding cost minimization, customer satisfaction, and
computational speed, whereas NSGA-II generated slightly better risk-related solutions. Therefore, the
selection of optimization algorithms may depend on the strategic priorities of the organization. Companies
emphasizing operational efficiency and customer satisfaction may prefer MOGWO, while firms
prioritizing risk reduction may benefit more from NSGA-I1 solutions. The study contributes to the logistics
and supply chain literature by integrating several operational realities into a comprehensive multi-
objective optimization framework specifically tailored to online retail distribution systems. The proposed
model provides a practical decision-support framework for managers of e-commerce companies seeking
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to improve logistics performance while maintaining acceptable service quality and operational reliability.
Future studies may extend the model by incorporating additional uncertainties such as road blockages,
stochastic customer demand, carbon emission constraints, autonomous vehicles, drones, and robotic
delivery technologies. These developments could further improve the realism and applicability of
location—routing optimization models in next-generation smart logistics systems.
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