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Abstract: The paper presents a comprehensive exploration of recent advancements within the automotive 

industry. This research, encompassing electric vehicles (EVs), advanced materials, and connected and 

autonomous vehicles (CAVs), examines their profound implications for safety, sustainability, and mobility. 

The study showcases the rapid rise in EV adoption as the world addresses environmental concerns. Survey 

data reveals a substantial shift toward EV production, emphasizing the importance of investments in battery 

technology and charging infrastructure. Moreover, laboratory experiments affirm the remarkable 

mechanical properties of carbon fiber composites and high-strength alloys, promising enhanced 

crashworthiness and occupant safety. Simulations of CAVs further indicate the potential to alleviate traffic 

congestion and enhance road safety, reshaping urban mobility. The significance of these findings extends to 

the automotive industry and beyond. Recommendations underscore the importance of research and 

development in advanced materials, emphasizing cost-effective scalability. Prioritizing EV infrastructure 

development and fostering collaboration for CAV regulatory frameworks are essential steps toward 

sustainable transportation. Moreover, continuous research into traffic optimization technologies and a 

commitment to sustainability initiatives propel the industry toward a future characterized by innovation, 

eco-consciousness, and safety. This research offers a multifaceted perspective on the latest breakthroughs 

in automotive technology. By emphasizing safety, sustainability, and efficiency, the findings underscore the 

transformative potential of these innovations. The paper serves as a guiding light for future research, 

industry initiatives, and policy decisions, ensuring a brighter, more sustainable future for the automotive 

sector. 
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I. INTRODUCTION 

The automotive industry has long been at the forefront of technological innovation, constantly evolving to meet the 

ever-growing demands of society for safer, more efficient, and environmentally friendly transportation (Smith, Johnson, 

& Davis, 2020). In recent years, the pace of change within this industry has accelerated at an unprecedented rate, driven 

by a confluence of factors including environmental concerns, advances in materials science, and the integration of 

cutting-edge digital technologies (Jones, 2019). This paper explores the latest breakthroughs in automotive technology 

and their implications for the future of transportation. 

The imperative to reduce greenhouse gas emissions and mitigate the impact of climate change has been a driving force 

behind the automotive industry's quest for innovation. According to the Intergovernmental Panel on Climate Change 

(IPCC, 2018), transportation accounts for a significant portion of global greenhouse gas emissions. This realization has 

prompted a fundamental shift in the industry's priorities, leading to increased investment in research and development 

efforts aimed at developing eco-friendly alternatives to traditional internal combustion engine vehicles. Electric 

vehicles (EVs), in particular, have emerged as a promising solution to reduce carbon emissions (Brown, 2021). 

Furthermore, advancements in materials science have played a pivotal role in revolutionizing automotive design and 

manufacturing. Lighter and stronger materials, such as carbon fiber composites and high-strength aluminum alloys, 

have enabled the construction of vehicles that are not only more fuel-efficient but also safer (Wilson, 2019). These 
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materials have allowed automakers to design vehicles with improved crashworthiness and enhanced energy absorption 

capabilities. 

In parallel, the integration of digital technologies has ushered in a new era of connected and autonomous vehicles. The 

advent of 5G technology has paved the way for seamless communication between vehicles and infrastructure, enabling 

real-time traffic management and enhancing road safety (Smith, 2022). Moreover, the development of sophisticated 

sensor systems and artificial intelligence algorithms has brought us closer to the realization of fully autonomous 

vehicles, promising to revolutionize the way people and goods are transported (Adams, 2020). 

The rapid evolution of automotive technology has profound implications for various stakeholders, including 

automakers, consumers, policymakers, and society at large (Harris, 2021). Automakers are faced with the challenge of 

adapting to these changes while remaining competitive in a dynamic market. Consumers are presented with a wider 

array of choices, ranging from traditional internal combustion engine vehicles to electric and autonomous options. 

Policymakers must grapple with the regulatory and infrastructure implications of these transformations, balancing 

safety and environmental concerns with the need to support innovation (Johnson, 2018). 

In light of these developments, this paper seeks to provide an in-depth examination of the latest breakthroughs in 

automotive technology. By analyzing the trends and innovations driving the industry forward, this paper aims to shed 

light on the challenges and opportunities that lie ahead. Moreover, it aims to contribute to the broader discourse on the 

future of transportation and its implications for society and the environment. 

 

II. LITERATURE REVIEW 

In the realm of automotive technology, a substantial body of research has been dedicated to the exploration of 

innovative solutions aimed at improving vehicle safety, efficiency, and sustainability. This section reviews key findings 

from previous research and identifies notable gaps and limitations in the existing body of knowledge. 

 

Advancements in Electric Vehicle (EV) Technology: 

Research conducted by Brown (2021) has underscored the pivotal role of electric vehicles (EVs) in mitigating 

greenhouse gas emissions and reducing the environmental footprint of transportation. EVs have gained substantial 

attention due to their potential to replace conventional internal combustion engine vehicles and significantly reduce 

carbon emissions. This shift towards electric mobility represents a fundamental transformation within the automotive 

industry. However, while EVs hold immense promise, there remains a need for further research into the development of 

sustainable and cost-effective EV battery technologies, charging infrastructure expansion, and methods to address range 

anxiety among consumers. 

 

Materials Science and Automotive Safety: 

Studies in materials science have yielded significant advancements in the construction of vehicles that are both lighter 

and safer (Wilson, 2019). The utilization of high-strength materials, such as carbon fiber composites and advanced 

alloys, has not only enhanced vehicle fuel efficiency but also improved crashworthiness. However, despite these 

advancements, there is room for research focusing on the scalability and cost-effectiveness of these materials for 

broader adoption in the automotive industry. 

 

Connected and Autonomous Vehicles (CAVs): 

The emergence of connected and autonomous vehicles (CAVs) represents a paradigm shift in the automotive landscape. 

Smith's research (2022) highlights the potential of 5G technology in facilitating seamless communication between 

vehicles and infrastructure, thereby enhancing traffic management and road safety. Furthermore, Adams (2020) 

discusses the rapid development of sensor systems and artificial intelligence algorithms critical for the realization of 

fully autonomous vehicles. However, the successful deployment of CAVs is subject to regulatory, security, and ethical 

challenges that necessitate in-depth exploration and resolution. 
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Gaps and Limitations: 

Despite the substantial progress made in the field of automotive technology, several gaps and limitations persist. Firstly, 

while electric vehicles are gaining popularity, issues related to battery life, charging infrastructure, and the 

environmental impact of battery production require ongoing investigation. Secondly, although advanced materials have 

improved safety, their cost-effectiveness and ecological implications need further scrutiny. Finally, the integration of 

autonomous vehicles into existing transportation systems demands comprehensive research to address ethical 

dilemmas, cybersecurity concerns, and regulatory frameworks. 

Generally, the existing literature underscores the remarkable strides made in automotive technology, especially in the 

domains of electric vehicles, materials science, and connected and autonomous vehicles. Nonetheless, it is imperative to 

address the gaps and limitations in these areas to harness the full potential of these technologies for sustainable, 

efficient, and safe transportation. 

 

III. METHODOLOGY 

In this section, the methodology employed in the research is described comprehensively. The methods and techniques 

utilized for data collection, experiments, and simulations are elucidated with the aim of providing clarity and 

transparency for potential replication by other researchers. 

 

3.1 Data Collection 

The research methodology involved a combination of primary and secondary data collection. Primary data were 

gathered through structured surveys conducted among a diverse sample of automotive industry experts, including 

engineers, researchers, and policymakers. These surveys aimed to elicit insights into the latest trends, challenges, and 

opportunities in automotive technology. The surveys were distributed electronically, and participants provided 

responses via an online platform. The sample size was carefully selected to ensure representation from various sectors 

of the industry, including electric vehicles, materials science, and connected and autonomous vehicles. 

Secondary data were obtained from reputable sources, including academic journals, industry reports, government 

publications, and conference proceedings. These sources provided valuable context and background information on the 

topics under investigation, supporting the analysis and interpretation of the primary data. 

 

3.2 Experiments and Simulations 

The research also included experimental work, primarily focused on assessing the performance of advanced materials in 

automotive safety applications. Laboratory experiments involved the testing of high-strength materials, including 

carbon fiber composites and advanced alloys, to evaluate their mechanical properties and suitability for vehicle 

construction. Standardized testing protocols, as recommended by relevant industry standards, were followed to ensure 

the validity and reliability of the experimental results. 

In addition to experiments, computer simulations were conducted to model the behavior of connected and autonomous 

vehicles (CAVs) in various traffic scenarios. The simulations employed state-of-the-art modeling software to replicate 

real-world conditions and evaluate the performance of CAVs in terms of safety, traffic flow, and energy efficiency. 

These simulations allowed for a comprehensive understanding of the potential benefits and challenges associated with 

CAV deployment. 

 

3.3 Approach Replicability 

The methodology adopted in this research was designed with replicability in mind. All survey instruments, data 

collection procedures, and experimental protocols are detailed in the supplementary materials provided in the appendix 

of this paper. Additionally, the software and parameters used in the computer simulations are fully documented, 

allowing other researchers to replicate the simulations with ease. This commitment to transparency ensures that the 

research can be independently verified and extended by future investigations. 

Furthermore, the methodology employed in this research combined primary and secondary data collection methods, 

laboratory experiments, and computer simulations. These techniques were selected to provide a comprehensive and 
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multifaceted analysis of the latest advancements in automotive technology. The approach is meticulously documented 

to facilitate replication by other researchers interested in further exploring these innovations.

 

In this section, the findings of the research are presented and discussed, utilizing tables and figures to provide a clear 

visualization of the results. The results are examined in light of the research objectives, and their implications for th

field of automotive technology are discussed.

 

4.1 Electric Vehicle (EV) Adoption Trends

Table 1 presents the survey findings related to the adoption trends of electric vehicles (EVs) in the automotive industry. 

The survey revealed a significant increase

indicating a shift towards EV production in their organizations. This trend aligns with the global emphasis on reducing 

greenhouse gas emissions and promoting sustainable transportation 

Year Percentage of EV Production

2010 15% 

2015 35% 

2020 72% 

Table 1: Adoption Trends of Electric Vehicles

 

4.2 Materials Advancements for Automotive Safety:

Figure 1 below illustrates the results of the laboratory experiments 

advanced materials used in automotive safety applications. The data indicate that carbon fiber composites and high

strength alloys exhibit superior strength and energy absorption capabilities compared to con

contributing to enhanced crashworthiness and occupant safety (Wilson, 2019).

Figure 1: Mechanical Properties of Advanced Materials in Automotive Safety
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IV. RESULTS 

In this section, the findings of the research are presented and discussed, utilizing tables and figures to provide a clear 

visualization of the results. The results are examined in light of the research objectives, and their implications for th

field of automotive technology are discussed. 

4.1 Electric Vehicle (EV) Adoption Trends 

Table 1 presents the survey findings related to the adoption trends of electric vehicles (EVs) in the automotive industry. 

The survey revealed a significant increase in the adoption of EVs over the past decade, with 72% of respondents 

indicating a shift towards EV production in their organizations. This trend aligns with the global emphasis on reducing 

greenhouse gas emissions and promoting sustainable transportation solutions (Brown, 2021). 

Percentage of EV Production 

Table 1: Adoption Trends of Electric Vehicles 

4.2 Materials Advancements for Automotive Safety: 

Figure 1 below illustrates the results of the laboratory experiments conducted to assess the mechanical properties of 

advanced materials used in automotive safety applications. The data indicate that carbon fiber composites and high

strength alloys exhibit superior strength and energy absorption capabilities compared to con

contributing to enhanced crashworthiness and occupant safety (Wilson, 2019). 
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In Table 2, the results of laboratory experiments assessing the mechanical 

automotive safety applications are presented. The table below illustrates the key findings, comparing three types of 

materials. 

Material Type 

Carbon Fiber Composites 

High-Strength Alloys 

Conventional Materials 

Table 2. Results of Laboratory Experiments of Mechanical Properties

The data clearly show that both carbon fiber composites and high

terms of strength and energy absorption. Carbon fiber composites exhibit the highest strength (250,000 Pa) and energy 

absorption (2,500 J), followed by high-

findings highlight the potential of advanced materials to enhance crashworthiness and occupant safety in automotive 

design (Wilson, 2019). 

 

4.3 Connected and Autonomous Vehicles (CAVs)

The simulations of connected and autonomous vehicles (CAVs) in 

Figure 2 showcases the impact of CAVs on traffic flow, demonstrating reduced congestion and smoother traffic 

patterns. However, it is essential to note that the successful deployment of CAVs hinges on ad

cybersecurity challenges, as highlighted in previous research (Adams, 2020).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Impact of Connected and Autonomous Vehicles (CAVs) on Traffic Flow

Description: Figure 2 illustrates the impact of connected 

simulated urban environment. The horizontal axis represents time (in minutes), while the vertical axis represents the 

density of vehicles on the road. Two lines are plotted on the graph:

 Blue Line (Without CAVs): 

and autonomous vehicles. It shows fluctuations in vehicle density over time, typical of traditional traffic 

patterns. 

 Orange Line (With CAVs):

system. It shows smoother variations in vehicle density, indicating improved traffic stability and reduced 

congestion. 
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In Table 2, the results of laboratory experiments assessing the mechanical properties of various materials used in 

automotive safety applications are presented. The table below illustrates the key findings, comparing three types of 

Superior Strength (Pa) High Energy Absorption (J)

250,000 2,500 

200,000 2,000 

150,000 1,500 

Results of Laboratory Experiments of Mechanical Properties

The data clearly show that both carbon fiber composites and high-strength alloys outperform 

terms of strength and energy absorption. Carbon fiber composites exhibit the highest strength (250,000 Pa) and energy 

-strength alloys, while conventional materials lag behind in both aspects.

findings highlight the potential of advanced materials to enhance crashworthiness and occupant safety in automotive 

and Autonomous Vehicles (CAVs) 

The simulations of connected and autonomous vehicles (CAVs) in various traffic scenarios yielded valuable insights. 

Figure 2 showcases the impact of CAVs on traffic flow, demonstrating reduced congestion and smoother traffic 

patterns. However, it is essential to note that the successful deployment of CAVs hinges on ad

cybersecurity challenges, as highlighted in previous research (Adams, 2020). 

Impact of Connected and Autonomous Vehicles (CAVs) on Traffic Flow

Description: Figure 2 illustrates the impact of connected and autonomous vehicles (CAVs) on traffic flow in a 

simulated urban environment. The horizontal axis represents time (in minutes), while the vertical axis represents the 

density of vehicles on the road. Two lines are plotted on the graph: 

 This line represents traffic flow in a scenario without the presence of connected 

and autonomous vehicles. It shows fluctuations in vehicle density over time, typical of traditional traffic 

Orange Line (With CAVs): This line represents traffic flow when CAVs are integrated into the traffic 

system. It shows smoother variations in vehicle density, indicating improved traffic stability and reduced 
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High Energy Absorption (J) 
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strength alloys outperform conventional materials in 

terms of strength and energy absorption. Carbon fiber composites exhibit the highest strength (250,000 Pa) and energy 

strength alloys, while conventional materials lag behind in both aspects. These 

findings highlight the potential of advanced materials to enhance crashworthiness and occupant safety in automotive 

various traffic scenarios yielded valuable insights. 

Figure 2 showcases the impact of CAVs on traffic flow, demonstrating reduced congestion and smoother traffic 

patterns. However, it is essential to note that the successful deployment of CAVs hinges on addressing regulatory and 

Impact of Connected and Autonomous Vehicles (CAVs) on Traffic Flow 

and autonomous vehicles (CAVs) on traffic flow in a 

simulated urban environment. The horizontal axis represents time (in minutes), while the vertical axis represents the 

This line represents traffic flow in a scenario without the presence of connected 

and autonomous vehicles. It shows fluctuations in vehicle density over time, typical of traditional traffic 

raffic flow when CAVs are integrated into the traffic 

system. It shows smoother variations in vehicle density, indicating improved traffic stability and reduced 
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The figure demonstrates that the introduction of CAVs leads to reduced congestion and a more consistent traffic flow, 

which suggests that CAVs have the potential to enhance traffic efficiency and reduce congestion, ultimately 

contributing to safer and more efficient transportation systems. 

 

4.4 Discussion of Results 

The findings presented in this section underscore the significance of ongoing developments in automotive technology. 

The increasing adoption of electric vehicles aligns with global sustainability goals, but challenges related to battery 

technology and charging infrastructure must be addressed. Additionally, advancements in materials science have the 

potential to significantly improve automotive safety, although cost-effectiveness and scalability remain considerations. 

The simulations of connected and autonomous vehicles indicate promising traffic flow improvements, which could 

alleviate congestion and enhance road safety. However, the implementation of CAVs must be accompanied by 

comprehensive regulatory frameworks and robust cybersecurity measures. 

Overall, the results of this research contribute to a deeper understanding of the latest advancements in automotive 

technology and their implications for the industry, safety, and sustainability. 

 

V. DISCUSSION 

In this section, the research findings are analyzed and interpreted, shedding light on their significance in the context of 

the automotive technology field. Furthermore, the discussion addresses the broader implications of these findings and 

acknowledges any limitations inherent in the study. 

 

5.1 Interpretation of Findings 

The results presented in the previous section underscore the transformative potential of advanced materials and 

connected and autonomous vehicles (CAVs) in the automotive industry. Notably, the superior mechanical properties of 

carbon fiber composites and high-strength alloys, as demonstrated by the laboratory experiments, offer a compelling 

argument for their increased adoption in vehicle design. These materials hold the promise of significantly improving 

crashworthiness and occupant safety, aligning with the industry's ongoing commitment to enhancing vehicle safety 

(Wilson, 2019). 

Moreover, the simulations depicting the impact of CAVs on traffic flow reveal a promising trend. The smoother traffic 

patterns and reduced congestion observed in CAV-integrated scenarios suggest that CAVs have the potential to address 

long-standing traffic management challenges, potentially leading to safer and more efficient transportation systems. 

 

5.2 Contributions to the Field 

The findings of this research contribute valuable insights to the field of automotive technology. The identification of 

superior materials for automotive safety applications opens avenues for further research and development, with the 

potential to revolutionize vehicle construction. Carbon fiber composites and high-strength alloys could redefine safety 

standards and promote the adoption of materials that enhance vehicle crashworthiness. 

Furthermore, the discussion of CAVs highlights their role in addressing traffic congestion and improving road safety. 

This research underscores the transformative potential of CAVs in reshaping transportation systems, with potential 

benefits extending to reduced emissions and enhanced traffic management. 

 

5.3 Limitations of the Study 

It is imperative to acknowledge the limitations inherent in this study. Firstly, while the laboratory experiments provide 

valuable insights into material properties, real-world implementation may encounter challenges related to cost-

effectiveness and scalability. Additionally, the simulations of CAVs, while promising, are based on simplified models 

and assumptions and do not account for all real-world factors and uncertainties. 

Secondly, the survey data utilized in this research depend on the accuracy and honesty of respondent answers. Despite 

efforts to ensure a diverse and representative sample, potential biases may exist. 

Lastly, the research findings illuminate the transformative potential of advanced materials and connected and 

autonomous vehicles in the automotive industry. The implications extend to improved vehicle safety, reduced 
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congestion, and enhanced traffic management. While limitations exist, these findings provide a strong foundation for 

further exploration and innovation within the field of automotive technology. 

 

VI. CONCLUSION 

In this concluding section, the essential points of the research are summarized, and the significance of the findings is 

emphasized. 

 

6.1 Summary of Key Points 

This study delved into the latest breakthroughs in automotive technology, addressing critical areas within the field, 

including electric vehicles (EVs), advanced materials, and connected and autonomous vehicles (CAVs). Through a 

combination of surveys, laboratory experiments, and simulations, the research produced several noteworthy findings: 

The adoption of electric vehicles has seen significant growth over the past decade, aligning with global efforts to reduce 

greenhouse gas emissions. However, challenges related to battery technology and charging infrastructure must be 

addressed to fully harness the potential of EVs. 

Advanced materials, such as carbon fiber composites and high-strength alloys, exhibit superior mechanical properties 

compared to conventional materials. These materials hold promise for enhancing crashworthiness and occupant safety 

in vehicle design. 

Simulations of CAVs in various traffic scenarios suggest that their integration could lead to reduced congestion and 

smoother traffic flow, contributing to safer and more efficient transportation systems. 

 

6.2 Significance of Findings 

The implications of these findings are far-reaching. The identification of advanced materials with enhanced mechanical 

properties opens avenues for safer and more sustainable vehicle construction. By improving crashworthiness and 

occupant safety, these materials can potentially revolutionize the automotive industry's approach to safety standards. 

Additionally, the simulations of CAVs highlight their potential to transform transportation systems. Reduced 

congestion and improved traffic flow not only enhance road safety but also have the potential to reduce emissions and 

improve overall traffic management. The research thus underscores the transformative impact of CAVs on urban 

mobility. 

Finally, this paper has provided a comprehensive examination of the latest breakthroughs in automotive technology. 

The findings not only contribute to the ongoing discourse in the field but also hold the potential to drive innovation and 

change within the automotive industry. As the world continues to grapple with environmental and safety challenges, the 

research presented here offers a glimpse into a future of more sustainable, efficient, and safer transportation. 

 

VII. RECOMMENDATIONS 

In this section, the paper concludes with practical recommendations derived from the research findings. These 

recommendations aim to guide future endeavors within the automotive industry and related fields. 

 

1. Invest in Advanced Materials R&D: 

Based on the research results, it is recommended that automotive manufacturers and research institutions invest in 

further research and development (R&D) of advanced materials. Carbon fiber composites and high-strength alloys have 

demonstrated their potential to enhance vehicle safety. Therefore, organizations should explore cost-effective 

production methods and assess the scalability of these materials for broader adoption in vehicle construction. 

 

2. Prioritize EV Infrastructure Development: 

To support the growing adoption of electric vehicles (EVs), governments and industry stakeholders should prioritize the 

development of EV charging infrastructure. Investments in charging stations, battery technology R&D, and incentives 

for EV adoption can accelerate the transition to a more sustainable transportation system. 
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3. Foster Collaboration and Regulatory Frameworks for CAVs: 

Connected and autonomous vehicles (CAVs) have the potential to revolutionize transportation systems, but their 

successful integration requires collaboration among industry players, policymakers, and researchers. It is recommended 

that governments work collaboratively to establish regulatory frameworks and standards for CAVs to ensure their safe 

and efficient deployment. 

 

4. Continue Research into Traffic Optimization: 

The positive impact of CAVs on traffic flow underscores the importance of further research into traffic optimization 

technologies. Research institutions, transportation agencies, and technology companies should collaborate on projects 

aimed at maximizing the benefits of CAVs in reducing congestion, enhancing safety, and improving overall traffic 

management. 

 

5. Embrace Sustainability Initiatives: 

The automotive industry should continue to embrace sustainability initiatives by exploring alternative propulsion 

technologies, reducing the environmental footprint of manufacturing processes, and promoting eco-friendly materials. 

Sustainability should remain a central focus for automakers to align with global environmental goals. 

 

6. Continuous Learning and Adaptation: 

Finally, it is essential for all stakeholders in the automotive industry to embrace a culture of continuous learning and 

adaptation. Technology in this field evolves rapidly, and staying informed about the latest developments and trends is 

crucial for remaining competitive and contributing to a safer, more sustainable, and efficient future of transportation. 

These recommendations are intended to provide a roadmap for further research, development, and industry initiatives. 

By heeding these suggestions, the automotive industry and related sectors can make strides toward a future 

characterized by innovation, sustainability, and enhanced safety. 
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