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Abstract 

The role of 3D modeling in supply chain optimization has grown significantly, offering transformative benefits in design, 
prototyping, inventory management, production planning, logistics, and quality control. This paper explores the impact 
of 3D modeling technologies on these key areas, highlighting how they enhance efficiency, reduce costs, and improve 
overall supply chain responsiveness. It addresses high implementation costs, technical integration issues, and data 
management complexities. Additionally, the paper anticipates future trends, including integrating artificial intelligence 
and machine learning, the proliferation of cloud-based 3D modeling platforms, and advancements in additive 
manufacturing. Recommendations for successful implementation include investing in training, prioritizing data quality, 
and adopting a phased approach to integrate 3D modeling into supply chain processes. The findings underscore the 
critical role of 3D modeling in driving innovation and competitiveness in modern supply chains, emphasizing its 
potential to revolutionize the industry through enhanced visualization, simulation, and customization capabilities. 
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1. Introduction

Supply chain management (SCM) is a critical aspect of modern business operations, encompassing the coordination of 
production, shipment, and distribution of products. It involves managing a network of interconnected businesses and 
processes, from raw material suppliers to end customers, to ensure the efficient flow of goods, information, and finances 
(Ailawadi & SINGH, 2021). The significance of SCM lies in its ability to enhance operational efficiency, reduce costs, 
improve customer satisfaction, and provide a competitive advantage. As global markets become increasingly complex 
and competitive, optimizing supply chain processes has become paramount for businesses seeking to maintain and 
enhance their market positions (Mukhamedjanova, 2020). 

The primary goal of this paper is to explore the role of 3D modeling in supply chain optimization, focusing on the 
innovations and applications that this technology brings to the field. 3D modeling, a digital representation of physical 
objects, has evolved significantly with technological advancements. It offers many benefits for supply chain 
management, including improved design and prototyping, enhanced virtual simulations, and the ability to customize 
and personalize products. By leveraging these capabilities, companies can optimize their supply chain operations, 
leading to better resource management, increased agility, and improved overall performance. 

This paper will cover various aspects of 3D modeling as it applies to supply chain optimization. It will begin with an 
overview of 3D modeling, discussing its fundamental concepts, recent technological advances, and the tools and 
software commonly used in the industry. Next, the paper will delve into the innovative applications of 3D modeling 
within the supply chain, such as its role in design and prototyping, virtual simulations, and customization. The 
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discussion will shift to specific applications in inventory management, production planning, logistics, and quality 
control. Finally, the paper will address the challenges businesses face in implementing 3D modeling for supply chain 
optimization and explore future trends and recommendations. 

The central argument of this paper is that 3D modeling represents a transformative technology that can significantly 
enhance supply chain efficiency and effectiveness. By integrating 3D modeling into supply chain processes, businesses 
can achieve greater accuracy in product design, reduce lead times through efficient prototyping, and improve decision-
making with detailed virtual simulations. Additionally, 3D modeling facilitates greater flexibility in product 
customization, allowing companies to meet customer demands better and adapt to market changes swiftly. Despite the 
current challenges and limitations, the potential benefits of 3D modeling for supply chain optimization are substantial 
and warrant further exploration and adoption. 

2. Overview of 3D Modeling 

2.1.  Definition and Concepts 

3D modeling refers to the process of creating a three-dimensional representation of an object or surface using 
specialized software. Unlike traditional two-dimensional drawings, 3D models provide depth, allowing for more 
accurate visualization and manipulation of the object. These models are constructed using a combination of points in 
3D space, connected by various geometric entities such as triangles, lines, and curved surfaces (Lo Giudice et al., 2020; 
Pepe & Costantino, 2020). The primary concepts in 3D modeling include vertices (points in 3D space), edges (lines 
connecting vertices), and faces (surfaces enclosed by edges). Together, these elements form a mesh, constituting the 3D 
model (Calvin, Mustapha, Afolabi, & Moriki, 2024; Esiri, Sofoluwe, & Ukato, 2024a). 

In supply chain management, 3D modeling simulates and optimizes various supply chain stages, from design and 
manufacturing to logistics and distribution. This technology enables companies to create virtual prototypes of products, 
which can be tested and refined before actual production, thereby reducing time and cost. Moreover, 3D models can be 
integrated into larger digital frameworks, such as digital twins and virtual simulations, to enhance overall supply chain 
efficiency and responsiveness (Adanma & Ogunbiyi, 2024a; A. E. Adegbola, M. D. Adegbola, P. Amajuoyi, L. B. Benjamin, 
& K. B. Adeusi, 2024). 

2.2.  Technological Advances 

Recent technological advancements have significantly enhanced the capabilities and applications of 3D modeling in 
supply chain management. One of the most notable developments is the advent of advanced 3D scanning and printing 
technologies. 3D scanning allows for precisely capturing physical objects' dimensions and geometry, which can then be 
converted into digital 3D models. This process is invaluable for reverse engineering and quality control, ensuring digital 
models accurately reflect real-world objects (Adanma & Ogunbiyi, 2024b). 

Additionally, the rise of additive manufacturing, commonly known as 3D printing, has transformed how companies 
approach production and prototyping. Additive manufacturing builds objects from digital 3D models layer by layer, 
enabling rapid prototyping and small-batch production with minimal waste. This technology allows for greater design 
flexibility and can significantly shorten product development cycles. Another significant advancement is integrating 
artificial intelligence (AI) and machine learning (ML) with 3D modeling software. AI and ML algorithms can analyze vast 
amounts of data to optimize model accuracy, predict potential issues, and automate repetitive tasks. These capabilities 
enhance the efficiency and effectiveness of 3D modeling processes, making them more accessible and useful across 
various supply chain applications (Esiri, Jambol, & Ozowe, 2024; Ezeafulukwe, Onyekwelu, et al., 2024). 

The development of cloud-based 3D modeling platforms has also democratized access to this technology. Cloud-based 
solutions offer scalable computing power and storage, allowing companies of all sizes to create, store, and share 3D 
models without investing in expensive hardware. These platforms facilitate collaboration among distributed teams, 
enabling real-time updates and version control, which is crucial for maintaining consistency and accuracy in supply 
chain processes (Abati et al., 2024; M. D. Adegbola, A. E. Adegbola, P. Amajuoyi, L. B. Benjamin, & K. B. Adeusi, 2024a). 

2.3.  Tools and Software 

Several primary tools and software are widely used in 3D modeling, each offering unique features and capabilities 
tailored to different aspects of supply chain management. Among the most popular are AutoCAD, SolidWorks, and 
Blender. 
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AutoCAD, developed by Autodesk, is a versatile software widely used in various industries, including supply chain 
management (Chinnasami Sivaji, Saravanan, & Chinnasamy, 2023; Papadonikolaki, 2020). It provides comprehensive 
tools for creating detailed 2D and 3D models, making it suitable for designing complex components and systems. 
AutoCAD's integration with other Autodesk products, such as Inventor and Revit, further enhances its utility in creating 
comprehensive digital models that span multiple aspects of supply chain operations (Adanma & Ogunbiyi, 2024c; 
Ogunbiyi, Kupa, Adanma, & Solomon, 2024). 

SolidWorks, developed by Dassault Systèmes, is another prominent 3D modeling tool favored for its robust parametric 
design capabilities. SolidWorks allows users to create highly detailed and precise 3D models, which can be easily 
modified and tested. Its simulation features enable the analysis of how designs will perform under various conditions, 
helping to identify and address potential issues early in the development process. SolidWorks is particularly beneficial 
for manufacturing and production planning, where precision and reliability are paramount (M. D. Adegbola, A. E. 
Adegbola, P. Amajuoyi, L. B. Benjamin, & K. B. Adeusi, 2024b; Benjamin, Amajuoyi, & Adeusi, 2024). 

Blender, an open-source 3D modeling software, has gained popularity due to its flexibility and cost-effectiveness. While 
traditionally used in animation and visual effects, Blender's powerful modeling, sculpting, and simulation tools make it 
a viable option for supply chain applications. Its open-source nature allows for extensive customization and integration 
with other tools, providing a scalable solution for businesses with specific modeling needs (Esiri, Sofoluwe, & Ukato, 
2024b). 

In addition to these general-purpose modeling tools, several specialized software solutions cater to specific supply chain 
requirements. For instance, Siemens' NX software offers advanced product design, simulation, and manufacturing 
capabilities, making it ideal for complex industrial applications. PTC's Creo provides comprehensive tools for product 
lifecycle management, enabling seamless integration of 3D modeling with broader supply chain processes (Bamisaye et 
al., 2023). Moreover, cloud-based platforms like Onshape and Fusion 360 offer collaborative modeling environments 
that streamline the design and development process. These platforms allow multiple users to work on the same model 
simultaneously, facilitating real-time collaboration and reducing the time required to bring products to market. Their 
integration with cloud storage and computing resources ensures that models are always up-to-date and accessible 
anywhere, enhancing flexibility and efficiency (Nnaji, Benjamin, Eyo-Udo, & Augustine, 2024a, 2024b; Onyekwelu et al., 
2024). 

Various complementary technologies also support the adoption of 3D modeling in supply chain management. For 
instance, virtual reality (VR) and augmented reality (AR) can be used in conjunction with 3D models to provide 
immersive and interactive experiences. These technologies enable stakeholders to visualize and interact with models 
in real-world contexts, improving understanding and decision-making. Similarly, digital twin technology, which creates 
a virtual replica of a physical system, relies heavily on accurate 3D models to simulate and optimize supply chain 
operations (Adanma & Ogunbiyi, 2024d). 

3. Innovations in 3D Modeling for Supply Chain Optimization 

3.1.  Design and Prototyping 

One of the most transformative innovations in supply chain management facilitated by 3D modeling is its application in 
design and prototyping. Traditional product design processes often involve creating numerous physical prototypes, 
which can be time-consuming and costly. With 3D modeling, designers can create detailed digital representations of 
products, enabling them to visualize and refine designs without needing physical prototypes. This digital approach 
significantly reduces the time and cost associated with the design phase. 

3D modeling software allows designers to experiment with different shapes, materials, and structural properties in a 
virtual environment. This flexibility is crucial for optimizing product designs to meet functional requirements while 
minimizing material usage and manufacturing complexity. For instance, in the automotive industry, 3D modeling can 
be used to design complex components that are both lightweight and durable, improving fuel efficiency and 
performance. Additionally, digital models can be easily shared and iterated upon, fostering collaboration among design 
teams across different locations (Ezeafulukwe, Owolabi, et al., 2024; Okwandu, Akande, & Nwokediegwu, 2024a). 

Integrating 3D modeling with additive manufacturing, or 3D printing, further enhances prototyping. Once a digital 
model is finalized, it can be quickly and accurately translated into a physical prototype using 3D printing technology. 
This capability allows for rapid prototyping, enabling designers to test and validate their concepts in real-world 
conditions more quickly than traditional methods. Rapid prototyping accelerates the product development cycle, 
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allowing companies to bring new products to market faster and respond more swiftly to changing consumer demands 
(Nnaji, Benjamin, Eyo-Udo, & Etukudoh, 2024c). 

3.2.  Virtual Simulations 

Virtual simulations are another innovative application of 3D modeling in supply chain optimization. These simulations 
involve creating a digital twin of the supply chain. This virtual replica mimics the physical supply chain's structure and 
operations. By simulating various scenarios and processes within this digital environment, companies can predict and 
address potential issues before they occur in the real world. 

3D modeling plays a critical role in creating accurate and detailed digital twins. Each component and process within the 
supply chain is represented by a 3D model, allowing for precise simulations of interactions and dependencies. For 
example, in logistics, virtual simulations can model the movement of goods through different transportation networks, 
helping to identify bottlenecks and optimize routing strategies. In manufacturing, simulations can predict the impact of 
equipment failures or changes in production schedules on overall efficiency (Olatunde, Okwandu, Akande, & 
Sikhakhane, 2024a). 

One of the key benefits of virtual simulations is their ability to perform what-if analyses. By altering variables within 
the simulation, companies can explore different strategies and identify the most effective solutions for various supply 
chain challenges. This capability is particularly valuable in today's dynamic business environment, where supply chains 
must be resilient and adaptable to disruptions such as natural disasters, geopolitical tensions, and fluctuations in 
demand. Virtual simulations enable proactive decision-making, allowing companies to develop contingency plans and 
optimize their supply chain operations for different scenarios (Nnaji, Benjamin, Eyo-Udo, & Etukudoh, 2024a). 

Furthermore, virtual simulations supported by 3D modeling can improve collaboration and communication among 
supply chain stakeholders. Visual representations of supply chain processes make it easier for teams to understand 
complex interactions and make informed decisions. This enhanced visibility and understanding can lead to more 
effective coordination and alignment across different functions and partners within the supply chain (Ezeafulukwe, 
Bello, et al., 2024; Okem, Iluyomade, & Akande, 2024a). 

3.3.  Customization and Personalization 

Customization and personalization are becoming increasingly important in modern supply chains as companies strive 
to meet diverse customer preferences and enhance customer satisfaction. 3D modeling is a powerful tool that enables 
these capabilities by allowing for the creation of customized products and personalized experiences. 

In traditional manufacturing, producing customized products often involves significant retooling and setup costs, 
making it impractical for large-scale operations. However, 3D modeling, combined with additive manufacturing, allows 
for the efficient production of customized products without extensive retooling. Digital models can be easily modified 
to incorporate customer-specific requirements, and 3D printers can produce these customized products on demand. 
This approach reduces production costs and shortens lead times, enabling companies to respond quickly to individual 
customer orders (Nnaji, Benjamin, Eyo-Udo, & Etukudoh, 2024b). 

For example, in the healthcare industry, 3D modeling is used to create customized medical devices and implants tailored 
to the unique anatomical features of individual patients. This personalization enhances the effectiveness of medical 
treatments and improves patient outcomes. Similarly, in the consumer goods sector, companies can offer personalized 
products, such as customized footwear and apparel, that meet each customer's preferences and measurements. This 
level of customization enhances customer satisfaction and loyalty, providing a competitive advantage in the market 
(Adanma & Ogunbiyi, 2024e). 

Moreover, 3D modeling facilitates mass customization, where products are manufactured in large quantities but with 
individual variations. This capability is achieved through modular design, where standardized components are 
combined in different configurations to create customized products. 3D modeling allows designers to create and 
manage these modular components efficiently, ensuring they fit together seamlessly and function correctly. Mass 
customization enables companies to offer various product variations without compromising efficiency and cost-
effectiveness (Ullah & Narain, 2021). 

In addition to product customization, 3D modeling supports personalized customer experiences through virtual and 
augmented reality applications. Customers can interact with 3D models of products in a virtual environment, allowing 
them to visualize and customize products before making a purchase. For instance, in the furniture industry, customers 
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can use augmented reality to see how different pieces of furniture would look in their homes, adjusting colours, sizes, 
and configurations to match their preferences. This immersive and interactive experience enhances customer 
engagement and confidence in purchasing decisions (Okem, Iluyomade, & Akande, 2024b; Olatunde, Okwandu, Akande, 
& Sikhakhane, 2024b). 

4. Applications of 3D Modeling in Supply Chain 

4.1.  Inventory Management 

3D modeling has become a crucial tool in optimizing inventory management within supply chains, offering significant 
improvements in accuracy and efficiency. Traditional inventory management relies heavily on manual tracking and 
static data, often leading to discrepancies and inefficiencies. However, 3D modeling allows for creating digital twins of 
warehouses and storage facilities, providing a dynamic and accurate representation of inventory levels in real-time. 

By utilizing 3D models, companies can visualize the spatial arrangement of inventory, helping to optimize storage 
utilization and minimize space wastage. For instance, 3D models can simulate different storage configurations and 
layouts, enabling warehouse managers to identify the most efficient setup for maximizing storage capacity while 
ensuring easy access to items. This optimization reduces the need for excess storage space and lowers associated costs 
(Eswaran & Bahubalendruni, 2022). 

Moreover, integrating 3D modeling with automated inventory tracking systems, such as RFID and IoT sensors, further 
enhances inventory management. These systems provide real-time data on inventory levels and movements, which can 
be visualized and analyzed using 3D models. This integration allows for more accurate forecasting of inventory needs, 
reducing the risk of stockouts and overstock situations. Additionally, 3D modeling enables the simulation of inventory 
replenishment scenarios, helping to identify the optimal reorder points and quantities for maintaining a balanced 
inventory (Olatunde, Okwandu, & Akande, 2024). 

4.2.  Production Planning 

Production planning is another area where 3D modeling has a profound impact, significantly enhancing efficiency and 
flexibility. Traditional production planning methods often involve complex and time-consuming processes to coordinate 
various aspects of manufacturing. 3D modeling streamlines this process by providing a comprehensive digital 
representation of production lines, machinery, and workflows. 

With 3D models, production planners can visualize and simulate the entire manufacturing process, from raw material 
input to finished product output. This visualization allows for identifying and mitigating potential bottlenecks and 
inefficiencies before they occur. For example, planners can use 3D simulations to test different production schedules, 
machinery configurations, and workflow arrangements, identifying the most efficient setup that maximizes throughput 
and minimizes downtime. Furthermore, 3D modeling facilitates the integration of new products into existing production 
lines. By creating digital prototypes of new products, manufacturers can simulate the production process and assess 
how the new products interact with existing machinery and workflows. This capability allows for the seamless 
introduction of new products without significant disruptions to ongoing operations (Olatunde, Okwandu, Akande, & 
Sikhakhane, 2024c). 

The use of 3D modeling also supports lean manufacturing principles by enabling the continuous improvement of 
production processes. By analyzing 3D simulations of production workflows, companies can identify areas where waste 
can be reduced and efficiency can be improved. This iterative approach to production planning helps achieve higher 
operational efficiency and productivity. 

4.3.  Logistics and Distribution 

The impact of 3D modeling extends beyond production planning to logistics and distribution networks, where it plays 
a crucial role in optimizing the movement of goods. Efficient logistics and distribution ensure that products reach 
customers on time and at the lowest possible cost. 3D modeling enhances these processes by providing detailed 
visualizations and simulations of logistics operations. 

In logistics, 3D modeling can design and optimize transportation routes, considering factors such as traffic patterns, 
road conditions, and delivery schedules. By simulating different routing scenarios, logistics managers can identify the 
most efficient routes that minimize travel time and fuel consumption. This optimization reduces operational costs and 
contributes to environmental sustainability by lowering carbon emissions (Okem et al., 2024b). Additionally, 3D 
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modeling aids in the design and management of distribution centers. By creating digital twins of these facilities, 
companies can simulate different layouts and workflows to identify the most efficient configuration for receiving, 
sorting, and dispatching goods. This capability helps optimize space, equipment, and labor, ensuring distribution 
centres operate at peak efficiency. 

3D modeling also supports the management of last-mile delivery, which is often the most complex and costly part of the 
logistics process. By simulating various delivery scenarios, companies can optimize delivery routes and schedules, 
improving the accuracy and efficiency of last-mile delivery. This optimization leads to enhanced customer satisfaction 
through faster and more reliable deliveries (Esiri, Babayeju, & Ekemezie, 2024; Ogedengbe, Oladapo, Elufioye, Ejairu, & 
Ezeafulukwe, 2024). 

4.4.  Quality Control and Assurance 

Maintaining high quality control and assurance standards is critical in supply chain management, and 3D modeling plays 
a pivotal role in this area. Traditional quality control methods often involve manual inspections and testing, which can 
be time-consuming and prone to errors. 3D modeling, however, allows for more precise and efficient quality control 
processes. 

By creating detailed digital models of products, companies can conduct virtual inspections to identify defects and 
deviations from specifications. These virtual inspections can be performed at various stages of the production process, 
allowing for early detection and correction of quality issues. This proactive approach to quality control reduces the 
likelihood of defects reaching the final product, enhancing overall product quality and customer satisfaction. 
Furthermore, 3D modeling supports the development of automated quality control systems. By integrating 3D models 
with machine vision and AI technologies, companies can develop systems that automatically inspect and measure 
products against predefined quality standards. These automated systems can operate continuously and precisely, 
ensuring consistent quality across large production volumes. 

3D modeling also facilitates the analysis of quality control data. By visualizing inspection results and quality metrics in 
a 3D context, companies can identify patterns and trends that may indicate underlying issues in the production process. 
This analysis helps implement corrective actions and continuous improvement initiatives to enhance overall quality. 

In addition to product quality, 3D modeling supports quality assurance in packaging and logistics. For example, by 
creating 3D models of packaging materials and configurations, companies can simulate different packaging scenarios to 
ensure that products are adequately protected during transportation. This capability helps minimize damage and 
ensure that products reach customers optimally (Mustapha, Ojeleye, & Afolabi, 2024; Okwandu, Akande, & 
Nwokediegwu, 2024b). 

5. Challenges and Future Directions 

5.1.  Current Challenges 

Despite its numerous advantages, implementing 3D modeling in supply chain optimization is not without challenges. 
One of the primary issues is the high cost associated with adopting advanced 3D modeling technologies. Initial software, 
hardware, and training investments can be substantial, particularly for small and medium-sized enterprises. 
Additionally, the complexity of integrating 3D modeling tools with existing supply chain management systems can pose 
significant technical hurdles. Compatibility issues and the need for specialized skills to operate and maintain 3D 
modeling systems can also create barriers to widespread adoption. 

Another challenge lies in data management. Effective 3D modeling relies on the availability of accurate and 
comprehensive data. However, collecting, processing, and maintaining high-quality data across all supply chain stages 
can be difficult. Incomplete or inaccurate data can lead to flawed models, undermining the reliability of simulations and 
predictions. Furthermore, ensuring data security and addressing privacy concerns are critical, especially when dealing 
with sensitive information related to product designs and supply chain operations. 

5.2.  Future Trends 

Several trends and innovations in 3D modeling technology are poised to further impact supply chains. One promising 
development is the increased integration of artificial intelligence (AI) and machine learning with 3D modeling tools. AI 
and ML can enhance the capabilities of 3D modeling by enabling more sophisticated simulations, predictive analytics, 
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and automated decision-making processes. These advancements can lead to more accurate and efficient supply chain 
optimization. 

Another trend is the growing use of cloud-based 3D modeling platforms. These platforms offer scalable solutions that 
reduce the need for significant upfront investments in infrastructure. Cloud-based 3D modeling facilitates collaboration 
among geographically dispersed teams, enabling real-time updates and seamless sharing of models. This accessibility 
can democratize advanced 3D modeling tools, making them available to various organizations. 

Moreover, advancements in additive manufacturing, or 3D printing, are expected to continue transforming supply 
chains. As 3D printing technology becomes more sophisticated and affordable, it can enable on-demand production and 
greater customization of products. This capability can significantly reduce lead times and inventory costs, leading to 
more responsive and flexible supply chains. 

5.3.  Recommendations 

For organizations looking to implement 3D modeling in their supply chain processes, several recommendations can 
help navigate the associated challenges and leverage future trends. First, it is essential to invest in comprehensive 
training programs to develop the necessary skills within the workforce. Building expertise in 3D modeling and related 
technologies will ensure the organization can effectively utilize these tools. 

Second, organizations should prioritize data quality and management. Implementing robust data governance practices 
and investing in advanced data collection and processing technologies can enhance the accuracy and reliability of 3D 
models. Ensuring data security and addressing privacy concerns are crucial to maintaining trust and compliance. 

Third, adopting a phased approach to implementation can help manage costs and technical challenges. Starting with 
pilot projects in specific areas of the supply chain can provide valuable insights and build confidence before scaling up. 
Collaborating with technology providers and leveraging cloud-based solutions can also reduce the burden of initial 
investments and infrastructure management. 

6.  Conclusion 

In summary, while 3D modeling presents significant opportunities for supply chain optimization, it also comes with a 
cost, technical integration, and data management challenges. However, the future holds promising trends, including 
integrating AI and ML, the rise of cloud-based platforms, and advancements in additive manufacturing. By investing in 
training, prioritizing data quality, and adopting a phased implementation approach, organizations can successfully 
leverage 3D modeling to enhance their supply chain operations. As the technology continues to evolve, its role in driving 
efficiency, flexibility, and competitiveness in supply chains will only become more critical, underscoring the importance 
of 3D modeling in the future of supply chain management. 
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