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KEYWORDS ABSTRACT

Discrete Event Simulation; Containerized transportation is widely acknowledged as one of the most efficient and cost-
Container Transportation; effective modes of freight movement in global supply chains. The adoption of containerization
Optimization. has substantially enhanced the efficiency of loading and unloading operations while streamlining

international logistics processes. Furthermore, container-based transport contributes to reduced
transit times, lower cargo handling costs, improved shipment security, minimized risk of
unauthorized access from origin to destination, and more effective utilization of terminal and yard
capacities. In this study, discrete-event simulation (DES) is employed as a robust modeling and
analytical tool to simulate container transportation flows among the southern ports of Iran. The
primary objective is to develop a statistically validated simulation model capable of accurately
representing real-world operational dynamics. Additionally, the study seeks to optimize key
operational processes in order to enhance system performance, improve resource utilization, and
support data-driven decision-making within the container transport network.

Extended Abstract

1. Introduction

ontainer transportation has become one of the most critical components of global logistics and international trade. The

widespread adoption of containerization has significantly improved operational efficiency in loading and unloading

processes, reduced transportation costs, enhanced cargo security, and streamlined global supply chains. Today, a
substantial share of international trade is conducted through containerized maritime transport, making port efficiency and
logistics optimization key determinants of trade competitiveness and economic development.

Among various maritime logistics operations, feeder container transportation plays a crucial role in connecting smaller
regional ports to major hub ports within a hub-and-spoke network structure. Feeder vessels transport containers between local
ports and central hubs where cargo is consolidated or redistributed to ocean-going vessels. This process, known as
transshipment, enhances network connectivity and improves overall system flexibility. Efficient feeder operations can
significantly influence port performance, operational costs, vessel waiting times, and cargo dwell time.

Despite substantial investments in port infrastructure and equipment, many decision-making processes related to resource
allocation in maritime logistics still lack systematic scientific support. Traditional approaches often rely on experience-based
decisions rather than data-driven modeling and optimization methods, which may lead to inefficient resource utilization and
operational bottlenecks. Therefore, the development of integrated decision-support models is essential to improve operational
efficiency and optimize resource allocation in container transport systems.
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Discrete Event Simulation (DES) has emerged as a powerful analytical tool for modeling complex logistics systems due to
its ability to capture stochastic behavior, dynamic interactions, and operational constraints. By combining simulation with
optimization techniques, it becomes possible to evaluate system performance under various scenarios and identify optimal
resource configurations.

This study aims to develop a simulation-based optimization framework for feeder container transportation services at
Shahid Rajaee Port, one of the largest container hubs in the Middle East. The main objective is to construct a statistically
validated DES model capable of accurately representing real operational conditions and to determine the optimal combination
of feeder vessels under cost and operational constraints.

2. Methodology

The research adopts a simulation-optimization approach using Discrete Event Simulation implemented in Arena software.
The case study focuses on feeder container transportation operations at Shahid Rajaee Port, which handles nearly half of Iran’s
maritime trade and has an annual container handling capacity exceeding three million TEUs.

Data required for the simulation model were collected through two main sources: time-study observations and expert
knowledge from port operation specialists. Historical operational data covering a one-year period were analyzed using the Input
Analyzer tool to determine appropriate probability distributions for key system processes, including vessel arrival intervals,
loading and unloading operations, and feeder vessel service times. Statistical goodness-of-fit tests such as Chi-square and error
metrics were used to validate distribution selection.

The logical simulation model represents a hub port, a feeder port, and four categories of feeder vessels differentiated by
capacity levels. The model captures the operational flow of container handling, including liner vessel arrival, transshipment
processes, feeder vessel allocation, and movement between ports.

Model validation was conducted through both qualitative and quantitative methods. Expert validation ensured the logical
correctness of system representation, while statistical validation compared simulation outputs with real operational data using
two-sample t-tests. The results confirmed the reliability and accuracy of the simulation model.

To optimize system performance, the OptQuest optimization module was integrated with the simulation model. The
objective function was defined as minimizing the average container dwell time in the system, subject to constraints including
budget limitations, resource availability, and acceptable waiting times. Multiple simulation runs and replications were
conducted to ensure solution stability and robustness.

3. Results and Discussion

Simulation results indicate that the existing feeder transportation system operates with limited resource efficiency due to
suboptimal allocation of feeder vessels. The optimization process identified the best combination of feeder vessel types within
the defined budget constraints.

The findings demonstrate a significant improvement in system performance after optimization. Specifically, the average
container dwell time in the system decreased from approximately 1468 minutes to about 999 minutes, representing an
improvement of nearly 32 percent. This reduction reflects enhanced coordination between operational processes, improved
resource utilization, and reduced congestion levels within the transport network.

Furthermore, the optimized configuration utilized only about 92.5 percent of the available budget, indicating that
performance improvements can be achieved without fully exhausting financial resources. The results highlight the importance
of balanced resource allocation rather than simply increasing the number of vessels or equipment.

The study also demonstrates the effectiveness of combining simulation and optimization techniques in addressing complex
maritime logistics problems. The integrated approach provides decision-makers with a practical tool for evaluating alternative
scenarios, understanding system dynamics, and making informed resource allocation decisions.

4. Conclusion

This research presents a comprehensive simulation-based optimization framework for feeder container transportation
services. By developing and validating a detailed DES model, the study successfully captures the operational dynamics of
feeder transport systems and identifies optimal resource allocation strategies.

The results confirm that simulation-optimization methods can significantly enhance system efficiency, reduce container
dwell times, and support cost-effective decision-making in maritime logistics. The proposed approach provides a practical
decision-support tool for port authorities and logistics planners seeking to improve operational performance and optimize
resource utilization.

Future research may extend this work by incorporating real-time data, uncertainty analysis, and multi-objective
optimization criteria such as environmental impacts and service reliability.
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(06l 5 Yo 5 yiaS Normal (7.1.9) 0.002135 Test Statistic = 0.936
) Corresponding p-value = 0.639
- Number of int Is=7
T b L Gl i) T Sl sl Degrees of freedom ~ 5
Triangular (6,11,13) 0.002965 o
(98l S0 b Test StatlStlF =242
Corresponding p-value > 0.75
B Number of intervals = 5
SRRCHCR ARV RINIERT ) JE SHRVERUR I _
’ & ’ 13.8+Weib(1.17,3.87) 0011153 Degrees of freedom =2
(p el SVt Test Statistic = 5.05
3 Corresponding p-value = 0.0838
- Number of int Is=5
Ve Sl ad la i) T i ad anl b Degrees of freedom 2
Normal (22.6,4.52) 0.003245 C
(gl sVeee b Test Statistic = 1.46
) Corresponding p-value = 0.487
Number of intervals = 5
IS RRUIRPIN S NPPNEC IS, Gamma (0.816,2.95) 0003160 ~ Degrees of freedom =2

Test Statistic = 1.52
Corresponding p-value = 0.476
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