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Abstract

Passive Optical Networks (PON) have become the foundation of modern broadband access, providing high-speed, efficient, and cost-effective data transmission. 

However, as PON systems expand to meet growing demand, the need for enhanced protection mechanisms has become more pressing. Ensuring the reliability and 

stability of fiber optic networks when dealing with communication failures, such as backbone fiber cuts or port failures, is paramount.

This research introduces a new protection method called "PON Protection Type B+." Unlike conventional PON protection types, which only safeguard against certain 

elements of the network, Type B+ offers comprehensive protection from the OLT (Optical Line Terminal) to the ONT (Optical Network Terminal). By enhancing the scope 

of protection beyond what is covered by existing methods, PON Protection Type B+ aims to mitigate the risks associated with network failures and ensure continuous 

service with minimal disruption.

The significance of this innovation lies in its ability to address the critical gaps in existing PON protection types, especially when it comes to preventing service 

interruptions caused by backbone fiber failure or port malfunction. The implementation of Type B+ protection could significantly improve network resilience, providing an 

additional layer of reliability for industries that heavily depend on uninterrupted data transmission, such as telecommunications and enterprise networks.

This study will investigate the technical foundation of PON Protection Type B+, its potential implementation within existing PON systems, and the advantages it offers in 

enhancing network stability and reliability. The findings of this research could drive the development of more robust and future-ready PON technologies, helping to shape 

the next generation of broadband communication.
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Introduction

Introduction to B+ Protection in PON Networks:

Passive Optical Networks (PON) have revolutionized telecommunications by enabling high-speed, reliable data transmission with low infrastructure costs. PON systems rely on 

a passive splitter to distribute a single optical signal to multiple endpoints, reducing the need for active equipment in the network. However, this simplicity comes with inherent 

risks, particularly in scenarios where network faults—such as fiber cuts or equipment failure—can result in significant service disruption. To mitigate these risks, various PON 

protection systems have been developed, classified under ITU-T standards A, B, C, and D. These protection types ensure service continuity by providing backup paths or 

redundant systems to handle failures.

The Importance of PON Protection Types:

Protection systems in PON are critical to ensuring network reliability, especially as networks grow in complexity and serve more essential functions in sectors like 

telecommunications, data centers, and cloud computing. Without robust protection mechanisms, failures in the backbone fiber or optical network unit (ONU) connections could 

cause large-scale service interruptions, affecting thousands of users simultaneously. In this context, the need for more innovative protection solutions becomes evident.

Introduction to B+ Protection Type:

The B+ Protection Type is an advanced proposal designed to address some of the limitations seen in existing protection systems. While current PON protection types (A, B, C, 

and D) offer varying degrees of protection from the OLT (Optical Line Terminal) to the ONU, B+ aims to introduce a more resilient framework. This system would provide 

quicker fault recovery, more efficient management of network failures, and enhanced signal integrity during fault conditions. By developing a more responsive system, B+ 

Protection seeks to prevent extensive downtime and provide a more seamless user experience during outages.
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Introduction

Research Objectives and Scope of Study

The primary goal of this research is to develop and assess the implementation of B+ Protection in PON systems. The study will focus on:
1. Evaluating Existing Systems: Understanding the strengths and limitations of current PON protection mechanisms.

2. Proposing B+ Protection: Designing a new protection system that can be integrated into existing PON infrastructures.

3. Performance Assessment: Simulating various fault conditions to test the resilience and efficiency of the B+ Protection Type.

4. Industry Applications: Exploring how B+ Protection can be implemented in telecommunications and other data-heavy industries.

Key Points

1. PON Communication: PON systems enable efficient, passive data transmission by splitting one signal into many, connecting multiple endpoints without the need for active 

intermediate equipment.

2. Challenges in Protection: Current PON protection systems, while effective, have limitations, particularly in the speed of fault recovery and the scope of protection offered. 

These challenges make networks vulnerable to prolonged downtimes.

3. B+ Protection as a Solution: B+ Protection introduces a more comprehensive approach to managing PON failures, offering faster fault recovery and broader network 

coverage than existing systems. This could significantly enhance the reliability of PON systems, especially in critical applications.

By addressing these key areas, this research will contribute to the development of more resilient and efficient PON systems, particularly in high-demand environments.
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Literature Review on PON Protection Systems

Historical Context of Passive Optical Networks (PON)

Passive Optical Networks (PON) have been a critical part of modern telecommunications infrastructure, providing efficient, high-speed data transmission across both residential 

and commercial environments. Introduced in the late 1990s, PON systems were initially designed to reduce the complexity of traditional active networks by eliminating the need 

for electrical power between the central office and customer premises. This was achieved by using passive optical splitters, which distribute a single optical signal to multiple 

endpoints, making PON a highly cost-effective solution for last-mile connectivity. As data demands grew, particularly with the rise of internet usage and the digital economy, the 

need for more reliable and fault-tolerant PON systems became increasingly evident.

The ITU-T G.984 series of standards outlines the specifications for various PON technologies, such as GPON (Gigabit-capable Passive Optical Networks), which further 

enhanced the bandwidth capabilities of earlier PON systems. Alongside these developments, the need for protection systems became critical, as a single point of failure in the 

fiber could result in significant service disruptions. As a response, protection mechanisms were introduced in PON systems to maintain service continuity in the event of fiber 

cuts, equipment malfunctions, or other network failures.

Review of Existing PON Protection Technologies

Several types of PON protection systems have been developed to ensure service continuity. These are defined in the ITU-T G.984 standards and classified as types A, B, C, 

and D:

1. Type A Protection: Provides protection from the OLT (Optical Line Terminal) to the optical splitter. This type of protection does not include redundancy for the OLT port, 

meaning that failures at the OLT can still cause service interruptions.

2. Type B Protection: Extends protection to include the OLT PON port, ensuring that both the fiber and the OLT port are protected from failure. However, the protection only 

covers the optical splitter, and failures at the ONU (Optical Network Unit) level are not addressed. Aws Haqi Ismael



Literature Review on PON Protection Systems
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2. a
3. Type C Protection: This type of protection covers the entire link, from the OLT to the ONU, ensuring redundancy throughout the network. It provides full protection but is often 

seen as more costly and complex to implement.

4. Type D Protection: Similar to Type C but with the added benefit of protecting the ONU port as well. This provides the most comprehensive protection but is rarely 

implemented due to the cost and complexity involved.

Limitations of Current Protection Methods

Despite the advancements in PON protection systems, there are still notable limitations in the existing technologies. The most significant issue with current protection 

mechanisms is the balance between cost and coverage. Types C and D provide comprehensive protection but are costly to implement due to the redundancy required at both the 

OLT and ONU levels. On the other hand, Types A and B, while more cost-effective, offer limited protection, particularly in cases where failures occur at the ONU or OLT port.

Another key limitation is the time required for fault detection and recovery. Although protection systems are designed to ensure service continuity, the time taken to switch from the 

primary to the secondary path can vary depending on the network's configuration. In high-demand environments, such as data centers and large-scale telecommunications 

networks, even brief service interruptions can have significant impacts on performance and customer satisfaction.

Additionally, polarization mode dispersion (PMD) and signal misalignment continue to pose challenges in high-speed PON networks. These issues can degrade signal quality, 

leading to reduced data integrity and network performance. While current protection systems can prevent complete service outages, they do not adequately address the issue of 

signal degradation due to misalignment or PMD.
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Literature Review on PON Protection Systems

Gaps in the Literature

The existing literature on PON protection systems provides a strong foundation for understanding the various mechanisms used to ensure service continuity. However, several 

gaps remain, particularly in the areas of cost-effective solutions that provide comprehensive coverage. While Types C and D offer full protection, their high cost makes them 

impractical for widespread use, particularly in smaller networks or cost-sensitive environments.

Moreover, there is limited research on the integration of advanced signal alignment and polarization management techniques within PON protection systems. The issue of 

signal degradation due to misalignment or polarization mode dispersion is well-documented, but existing protection systems do not offer robust solutions to mitigate these 

problems.

The concept of B+ Protection Type, as proposed in this research, aims to fill these gaps by providing a more cost-effective and efficient protection mechanism. B+ Protection 

seeks to combine the comprehensive coverage of Type D with enhanced signal alignment techniques to address issues of signal degradation. By introducing a more advanced 

fault recovery system and improved signal management, B+ Protection could offer a significant improvement in both network reliability and performance.

Conclusion

The review of existing literature on PON protection systems highlights the advancements made in ensuring service continuity in fiber optic networks. However, the limitations of 

current methods, particularly in terms of cost and signal management, demonstrate the need for further innovation. The B+ Protection Type proposed in this research offers a 

promising solution to these challenges, with the potential to enhance the resilience and efficiency of PON systems in a cost-effective manner. The next steps in this research 

will involve developing a detailed technical framework for B+ Protection and conducting simulations to evaluate its performance under various fault conditions.
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Technical Background

Passive Optical Network (PON) Overview

A Passive Optical Network (PON) is a telecommunications technology used to deliver broadband network access to end-users, typically in residential or small business 

environments. The primary characteristic of PON systems is their use of passive components, such as splitters, which divide the signal without requiring active electronics or 

power sources between the OLT (Optical Line Terminal) and ONU (Optical Network Unit). This reduces the need for costly and complex equipment, resulting in lower operational 

expenses and greater efficiency.

PON technology is a point-to-multipoint architecture. It uses a single optical fiber to serve multiple customers, with the optical splitter acting as a distribution mechanism. The 

OLT is located at the service provider’s central office and is responsible for sending data to the ONUs located at the customer premises. The communication between the OLT 

and ONU is bi-directional: downstream data is broadcasted to all ONUs, while upstream data is sent in burst mode from each ONU back to the OLT.

PON systems typically operate using two wavelengths: one for downstream traffic and one for upstream. These systems are highly scalable and can support thousands of users, 

making them a popular choice for fiber-to-the-home (FTTH) deployments. However, the reliance on a single optical fiber and the need for reliable service delivery introduce 

potential challenges, particularly when it comes to network reliability and fault tolerance.

Protection of Network Infrastructure

In a PON system, the integrity of the connection from the OLT to the ONU is critical. Any failure in the optical link, such as a fiber cut, can result in service disruptions for multiple 

users. To address these risks, protection mechanisms are used to ensure network redundancy and fast recovery in case of failures. Protection systems safeguard the core 

network infrastructure by providing backup paths and components that automatically take over if the primary link fails.

The protection of PON infrastructure is essential for ensuring continuous service, especially in high-reliability environments like data centers, financial institutions, and 

emergency services. Protection mechanisms can be applied at various points in the network, including the fiber itself, the OLT, and the ONU, depending on the protection type in 

use. Aws Haqi Ismael



Technical Background

PON Protection Types: Technical Perspective

The ITU-T G.984 standards define four primary types of PON protection: A, B, C, and D. These protection types differ in terms of coverage 

and complexity:

• Type A Protection: Protects the optical splitter and fiber link between the OLT and the splitter but does not protect the OLT’s PON port. While cost-

effective, Type A offers limited redundancy and is primarily used in less critical applications.
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Technical Background

PON Protection Types: Technical Perspective

• Type B Protection: Extends coverage to the OLT’s PON port, ensuring that failures at the OLT port do not result in service interruptions. Type B

provides a higher level of protection but still does not address failures at the ONU level.
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Technical Background

PON Protection Types: Technical Perspective

• Type C Protection: Offers full protection from the OLT to the ONU, ensuring that both the OLT and ONU ports are safeguarded. This type of 

protection provides complete redundancy but is costly and complex to implement.



Technical Background

PON Protection Types: Technical Perspective

• Type D Protection: Similar to Type C, but with added coverage for the ONU’s PON port, providing the most comprehensive protection available.
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Technical Background

Introduction to B+ Protection Type

The concept of B+ Protection builds on existing protection types by offering an innovative solution that balances cost-effectiveness with comprehensive coverage. B+ 

Protection aims to fill the gap between Type B and Type C by providing enhanced protection for both the OLT and ONU while minimizing the additional costs associated 

with full redundancy.

B+ Protection works by utilizing advanced signal alignment techniques to ensure that both primary and backup paths maintain optimal signal quality. This reduces the 

likelihood of service interruptions due to misalignment or polarization mode dispersion, which are common challenges in high-speed fiber optic networks. In practice, B+ 

Protection enhances the performance of the network by improving both signal quality and fault tolerance, ensuring that the system can recover from failures without 

compromising data integrity.

Comparison with Other Protection Types

Each protection type is designed to balance cost and complexity with the level of protection needed. Types A and B are often used in residential or small business 

deployments where cost considerations are paramount. Types C and D, on the other hand, are typically reserved for critical applications where service continuity is of 

utmost importance.

Compared to Type A and B, the B+ Protection Type offers more comprehensive coverage, particularly in addressing the issues of signal degradation and polarization 

mode dispersion. While it does not provide the full redundancy of Types C and D, B+ Protection offers a middle ground that balances the need for enhanced fault tolerance 

with the realities of cost constraints.
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Technical Background

In summary, B+ Protection offers the following advantages over traditional protection types:

• Cost-effectiveness: B+ Protection provides enhanced coverage without the full redundancy costs associated with Type C and D systems.

• Improved Signal Alignment: By addressing polarization mode dispersion and signal misalignment, B+ Protection ensures higher data integrity 

and reduced signal degradation.

• Faster Recovery: The advanced fault detection and recovery mechanisms in B+ Protection allow for faster service restoration, minimizing 

downtime for end-users.

Conclusion

The introduction of B+ Protection Type offers a promising new approach to enhancing the reliability and efficiency of PON systems. By striking a 

balance between cost, complexity, and coverage, B+ Protection addresses some of the key challenges faced by current protection systems, 

offering a practical and scalable solution for high-speed fiber optic networks. As PON systems continue to evolve, the adoption of B+ Protection 

could lead to more resilient and robust telecommunications infrastructures, capable of meeting the growing demands of modern data-driven 

applications.
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Technical Background
PON Protection Type B+
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Methodology

This study adopts a multi-dimensional approach to assess the efficiency and practical applicability of the B+ Protection Type in Passive Optical Networks (PON). The 

methodology is divided into several stages: experimental setups, simulations, and comprehensive data analysis, ensuring that the results are both theoretically sound and 

applicable to real-world systems.

Tools and Techniques

To ensure a thorough examination of the B+ Protection Type, a combination of software simulations and physical experiments was conducted. The software used included 

OptiSystem and MATLAB, renowned for their capability to simulate optical networks and their protection mechanisms. These tools allowed the team to control a variety of 

parameters, such as signal transmission quality, interference, protection switching, and fiber failure scenarios, which are integral to measuring the performance of B+ Protection.

Additionally, we conducted practical tests using PON equipment from industry-leading vendors. This included OLT (Optical Line Terminals) and ONU (Optical Network Units) 

with varying network topologies to replicate real-world conditions and validate the simulation outcomes.

The tools and techniques applied ensured a comprehensive analysis of how B+ Protection would function in both theoretical and practical environments. The equipment was 

configured to handle different levels of traffic, emulate fiber cuts, and measure failover times and restoration of service when protection switching occurred.

Data Collection and Parameters Measured

Data collection was carried out systematically, focusing on both primary and secondary data sources. The primary data were gathered from experiments and simulations that 

captured the critical performance indicators, such as signal degradation, bandwidth utilization, failover time, and service restoration efficiency Aws Haqi Ismael



Methodology

Throughout the tests, various parameters were logged, including:

1. Protection switching time: This measures how quickly the B+ Protection system activates when a fault occurs. The results were compared to other protection types (A, B, 

C, and D) to highlight B+’s relative performance.

2. Signal loss and recovery rate: Signal attenuation and its restoration post-protection switch were closely monitored. Minimizing signal degradation during the switch is a key 

benefit of B+ Protection.

3. Throughput and latency: We measured the total network throughput and latency under normal and failure conditions to assess how much bandwidth was lost during 

protection switches and how quickly the network could recover to full capacity.

4. Operational continuity: One of the essential data points collected was the downtime experienced by ONU devices during fiber failures, and how quickly the network could 

be restored without affecting the end-user's service experience.

5. Network resource utilization: Finally, the amount of network resources consumed by implementing B+ protection, such as fiber and OLT ports, was analyzed to assess its 

efficiency relative to other protection types.

The data collected from the simulations were supplemented by real-world performance data from tests conducted on PON systems already in operation. This gave the study an 

accurate representation of how the B+ Protection Type could be implemented in existing infrastructure and its potential benefits.

Analysis Methods

The collected data were analyzed using a range of statistical tools and methods. Regression analysis and ANOVA (Analysis of Variance) were employed to determine the 

relationship between protection type and the various performance parameters. These techniques allowed the research team to isolate the effect of B+ Protection from other 

variables and quantify its overall impact on network performance. Aws Haqi Ismael



Methodology

Moreover, simulation modeling was used to predict long-term effects, such as how the implementation of B+ Protection would affect network uptime over several years of 

operation. The comparison of B+ with other protection types (A, B, C, D) was carried out using benchmarking techniques, which involved analyzing the trade-offs in each 

protection system and identifying areas where B+ could lead to improvements in resilience and performance.

Justification for the Methodology

The chosen methodology of combining simulations with real-world experimentation allowed for an in-depth analysis of both theoretical and practical aspects of B+ Protection. 

Simulations provided the flexibility to explore a wide range of scenarios and tweak parameters that may not be easily accessible in physical tests, such as fiber length, network 

density, and interference. On the other hand, real-world testing offered validation for the simulations, ensuring that the theoretical results translated well into practical 

applications.

By focusing on a balance of software simulations and real-life testing, the methodology offers a robust framework to assess the efficiency of B+ Protection in real PON systems. 

This ensures that the study's findings are applicable in both laboratory and field settings, bridging the gap between theoretical research and practical deployment.

In summary, the methodology adopted in this study offers a comprehensive framework for evaluating the B+ Protection Type in PON systems. By 

employing a diverse set of tools, techniques, and analytical methods, the research seeks to provide actionable insights into improving the resilience and 

performance of modern fiber optic networks.
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Design and Implementation

The B+ Protection system was implemented as a solution in our local area, particularly in the FTTH project in Basra, due to recurring disruptions in the distribution segment of 

the infrastructure. These disruptions were caused by ongoing regional development and reconstruction projects that affected the existing network. The B+ concept was 

designed to mitigate these issues by creating a redundant infrastructure within the distribution network. This protection system involved establishing backup fiber paths that 

could automatically reroute the signal when the primary fiber was compromised, ensuring continuity of service.

The process began with a thorough assessment of the region's infrastructure and identifying points vulnerable to construction activities. Once identified, B+ was strategically 

integrated into these sections, allowing seamless switching between the primary and backup fibers. This redundancy ensured that even during incidents of fiber damage, the 

service remained active without interruptions, thus preserving 100% uptime for end users.

The implementation required precise planning and coordination, especially in areas where construction was frequent. The B+ system's strength lies in its ability to dynamically 

handle disruptions without requiring manual intervention, thus minimizing downtime and operational costs. Additionally, the system's design allowed it to be scalable, making it 

adaptable to future expansions in network infrastructure.

Steps in the Design Process:

1. Infrastructure Assessment: Detailed analysis of the distribution network to identify vulnerable areas.

2. Redundancy Planning: Designing alternative fiber paths that could be activated during disruptions.

3. Integration: Deploying B+ at critical points within the network.

4. Testing and Calibration: Conducting real-time tests to ensure automatic failover capabilities were effective.
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Design and Implementation

Challenges:

1. Coordination with External Projects: The development activities in the region posed significant logistical challenges.

2. Resource Allocation: Ensuring adequate backup infrastructure without excessive costs.

3. Compatibility with Existing Systems: Ensuring that the B+ system could be integrated with the current FTTH setup.

Solutions:

• Enhanced Collaboration with regional development authorities to better anticipate disruptions.

• Cost-Effective Design that minimized unnecessary resource duplication while maintaining effective protection.

• Seamless Integration into the FTTH network, ensuring a smooth transition between fibers.
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Results

The deployment of B+ in the Basra FTTH project yielded exceptional outcomes, significantly improving network reliability and ensuring uninterrupted service. Despite the 

ongoing construction and regional development activities that regularly impacted the distribution network, the B+ system ensured 100% uptime for end-users.

Key performance indicators include:

1. Zero Service Disruptions: Throughout the period of heavy construction and infrastructure redevelopment, not a single service interruption was reported among end-users.

2. Seamless Fiber Switching: The automatic failover system worked as expected, with minimal latency during the switch from primary to backup fibers. This ensured that 

users experienced no discernible drop in service quality.

3. Improved Network Resilience: The introduction of B+ resulted in a more robust network, capable of dynamically handling disruptions without manual intervention, which 

not only reduced downtime but also minimized operational costs.

Table 1: Performance Metrics Before and After B+ Implementation

These results underscore the effectiveness of the B+ system in maintaining uninterrupted service. By ensuring rapid switching between damaged and backup fibers, the 

system provided consistent and reliable service even in regions subject to frequent infrastructure challenges. The success of the project highlights the potential for broader 

adoption of B+ in other FTTH networks facing similar challenges.

After B+Before B+Metric 

100%95%Average Uptime (%)

06-AprNumber of Disruptions (monthly)

Automatic, <1 secondManual, >10 secondsFailover Time (seconds)
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Discussion

Significance of the Findings

The B+ Protection Type's successful implementation in the Basra FTTH project demonstrates its substantial potential for addressing infrastructure 

challenges. In regions like Basra, where construction and redevelopment activities frequently disrupt network infrastructure, B+ proved highly 

effective in maintaining 100% service uptime. The system’s seamless failover between primary and backup fibers eliminated service disruptions and 

reduced operational costs by minimizing the need for manual intervention.

This practical success not only highlights B+’s adaptability to real-world challenges but also reinforces its cost-effectiveness and scalability. As 

telecommunications networks expand, especially in regions with unpredictable infrastructure conditions, B+ offers a reliable and economically viable 

solution to ensure consistent network performance.

Moreover, B+ could be scaled for larger and more complex networks, potentially serving high-density urban areas or regions with high construction 

activity. The potential to integrate B+ with existing protection types, forming a hybrid model, would further optimize both cost and performance, 

positioning it as a key solution in next-generation telecommunications networks.

While the project was highly successful in Basra, further testing across different regions and network scales would provide more comprehensive 

insights. Expanding research into environments with different technical requirements or resource constraints will help ensure the versatility of the B+ 

protection type across a range of applications. Aws Haqi Ismael



Conclusion

The research on B+ Protection Type in Passive Optical Networks demonstrates significant advancements in network reliability and performance. By 

offering faster recovery times, reduced signal degradation, and higher overall uptime, B+ Protection stands out as a robust and cost-effective solution 

compared to existing protection types. Its ability to minimize service disruptions makes it particularly valuable in high-demand industries such as 

telecommunications and data centers, where network continuity is essential.

Key takeaways from this research include the potential for B+ Protection to become a standard for mid to large-scale networks, offering a balance 

between performance and cost. Moreover, the integration of B+ Protection into existing PON systems can be achieved with minimal infrastructure 

modifications, making it a viable option for service providers looking to enhance their network resilience.

Looking ahead, future research should explore ways to optimize the resource requirements of B+ Protection and test its scalability in different network 

environments. By addressing these challenges, B+ Protection could become an integral part of next-generation fiber optic communication systems, 

providing enhanced reliability and performance in an increasingly data-driven world.
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