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ABSTRACT

Cross-platform database migrations in cloud infrastructures represent a significant challenge for organizations seeking
to leverage cloud technologies while ensuring data integrity, performance, and security. This study explores the
complexities involved in migrating databases between different platforms, such as from relational databases to NoSQL
solutions, within cloud environments. By implementing a systematic approach that includes tool selection, schema
mapping, data transformation, and performance monitoring, we conducted a comprehensive evaluation of various
migration strategies and their impacts. The findings reveal critical insights into the challenges faced during migration,
including data integrity concerns and performance degradation. Additionally, the importance of user training and
continuous monitoring post-migration is emphasized to ensure optimal database performance and user adoption. The
research highlights the necessity for organizations to adopt best practices and leverage automation tools to streamline
the migration process while maintaining compliance with security regulations. Ultimately, this paper contributes to the
growing body of knowledge on cross-platform database migrations, providing valuable guidelines for future endeavors
in cloud data management.

Keywords: Cross-Platfolﬁn Migration, Cloud Infrastru'ltuggtBQﬁJ‘as%qagnagement,Fﬁgg q@t@grity, Performance

Optimization Schema, Mapping User Training ,Automation Tools.

1. INTRODUCTION

In the modern digital landscape, organizations increasingly rely on cloud infrastructures to enhance their operational
efficiency, scalability, and agility. As businesses evolve, the need for robust and flexible data management solutions
becomes paramount. Database migration, particularly in the context of cloud environments, has emerged as a critical
process that enables organizations to transition their data seamlessly between different database platforms. Cross-
platform database migration involves transferring data from one database management system (DBMS) to another,
which may vary in architecture, data models, or querying languages.

This phenomenon is driven by several factors, including the desire to leverage advanced features offered by newer
platforms, the need for cost optimization, or the pursuit of improved performance and scalability. As organizations adopt
hybrid and multi-cloud strategies, they often face the challenge of migrating databases across diverse environments,
including public, private, and hybrid clouds. These migrations can be complex and fraught with challenges, including
data compatibility, schema differences, and the preservation of data integrity.

The complexity of cross-platform migrations necessitates a strategic approach, incorporating best practices, tools, and
methodologies that ensure successful outcomes. Factors such as data volume, the criticality of applications, and the
differences between source and target database systems play significant roles in shaping the migration strategy. In this
context, understanding the inherent differences between various DBMS types—such as relational, NoSQL, and
NewSQL databases—becomes essential for executing effective migrations. Moreover, cloud-native services and tools
have evolved to facilitate the migration process, offering automated solutions that help minimize downtime and reduce
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the risk of data loss. However, organizations must also be aware of potential pitfalls, including compatibility issues,
performance degradation, and security vulnerabilities during the transition.

This paper aims to provide a comprehensive overview of cross-platform database migrations within cloud
infrastructures, exploring the motivations behind such migrations, the challenges encountered, and the methodologies
employed to achieve successful outcomes. We will discuss various strategies for planning and executing migrations, the
tools available in the market, and real-world case studies that illustrate successful implementations. By analyzing these
components, we hope to equip organizations with the knowledge and strategies needed to navigate the complexities of
cross-platform database migrations effectively.

1.2 Background

In recent years, the rise of cloud computing has transformed how businesses manage and store data. Cloud
infrastructures, such as Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP), offer
scalable, elastic, and cost-efficient solutions that allow organizations to focus on innovation rather than managing
traditional on-premises data centers. This paradigm shift has created a growing need for database migrations, especially
cross-platform migrations, where data must be transferred between different types of databases or across various cloud
providers. Cross-platform database migrations are critical as organizations seek to optimize their operations, reduce
vendor lock-in, and harness the specific advantages of various platforms.

1.2.1 Evolution of Database Management and Cloud Adoption

Historically, organizations relied on on-premises databases, hosted and maintained within physical data centers, to store
and manage vast amounts of data. These databases were often tied to proprietary technologies, such as Oracle, SQL
Server, or MySQL, that made it challenging to migrate data from one platform to another. As businesses expanded and
data volumes increased, the limitations of traditional infrastructure—such as scalability issues, maintenance costs, and
hardware failures—became apparent. The introduction of cloud infrastructures fundamentally changed this landscape.
Cloud providers offer a range of database services, including relational databases, NoSQL databases, and data
warehouses, that operate in virtualized environments. These services eliminate the need for physical infrastructure
management, offer pay-as-you-go pricing models, and provide nearly unlimited scalability. As a result, organizations
began moving their databases to the cloud to take advantage of these benefits, sparking the need for migration strategies.

Emergence of Cross-Platform Migrations

Cross-platform database migrations refer to the process of transferring data between different types of database systems,
whether it is from on-premises to the cloud, between different cloud platforms, or between various database management
systems (DBMS). This includes migrating from relational databases like MySQL or Oracle to NoSQL databases such
as MongoDB or DynamoDB, as well as between different relational databases or cloud-native databases. As businesses
adopt multi-cloud and hybrid cloud strategies, cross-platform migrations have become even more critical. A hybrid
cloud environment combines both on-premises data centers and cloud-based infrastructure, while a multi-cloud strategy
involves using services from more than one cloud provider. Both approaches allow organizations to avoid being
dependent on a single vendor, thus improving flexibility, cost control, and disaster recovery options. This shift has driven
the need for database migrations that are not confined to a single platform or cloud provider, but rather can move across
various environments seamlessly.

1.2.2 Challenges of Cross-Platform Migrations

The complexity of cross-platform database migrations arises from the inherent differences in the underlying database
systems. Each database system, whether relational or NoSQL, has its unique data structures, query languages, storage
mechanisms, and security protocols. Some of the key challenges include:

e Data Structure and Schema Differences: Different databases use varied ways to structure and store data. For
instance, relational databases store data in tables with strict schemas, while NoSQL databases use flexible document
or key-value formats. Migrating data between these systems requires transforming schemas and ensuring data
integrity across platforms. Query Language Incompatibility: SQL (Structured Query Language) is commonly
used for querying relational databases, while NoSQL systems often use different querying languages and methods.
For example, MongoDB uses its own query language, which may not be compatible with SQL. During migration,
queries often need to be rewritten or converted to match the target system.

e Data Format and Type Conversion: Data formats and types differ between database platforms, requiring careful
conversion during migration. For example, date, time, and binary data types may be handled differently across
systems, resulting in potential data loss or corruption if not properly mapped.

e Downtime and Data Consistency: Minimizing downtime is a major concern during migrations. For businesses
with high transaction volumes, it is critical that data consistency is maintained and that migrations cause minimal
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disruption to ongoing operations. This often requires complex strategies, such as live migration or phased rollouts,
where data is gradually moved to the new platform while the old system remains operational.

e Security and Compliance: Ensuring the security of data during migration is crucial, especially when dealing with
sensitive or regulated information. Compliance with industry standards such as GDPR, HIPAA, or PCI-DSS must
be maintained throughout the process. Cloud platforms offer tools for encryption and secure data transfer, but these
must be carefully implemented to avoid breaches.

1.2.3 The Role of Cloud Platforms in Cross-Platform Migrations

e Cloud platforms offer a variety of services and tools that support database migration efforts. For example, AWS
Database Migration Service (DMS), Google Cloud Migrate, and Azure Database Migration Service provide
automated solutions for moving databases across platforms with minimal downtime. These tools simplify the
migration process by handling schema conversion, data replication, and real-time migration of large datasets.
Additionally, the cloud’s elastic infrastructure allows businesses to scale up or down as needed during the migration
process. By taking advantage of cloud-native features such as serverless computing, auto-scaling, and on-demand
storage, organizations can perform migrations more efficiently and cost-effectively.

e Growing Trends in Cross-Platform Migrations :A significant trend in recent years is the increasing adoption of
multi-cloud and hybrid-cloud strategies, where organizations distribute their workloads across multiple cloud
providers or maintain a mix of on-premises and cloud-based systems. These strategies improve resilience, avoid
vendor lock-in, and provide more tailored solutions for specific workloads. However, they also increase the
complexity of database management and make cross-platform migrations essential.

Another emerging trend is the use of containerization and microservices architectures to simplify migration and
application deployment. Technologies like Docker and Kubernetes allow databases and applications to be encapsulated
in portable containers, which can be moved across platforms more easily. This approach reduces the complexity
associated with migrating large, monolithic databases.

Furthermore, automation and machine learning are increasingly being used to streamline migration processes, detect
issues in real-time, and optimize resource usage. Automated migration tools powered by machine learning can predict
potential bottlenecks and dynamically allocate resources to minimize downtime.

1.3 Literature Work

The subject of cross-platform database migrations within cloud infrastructures has attracted significant attention in
recent years, as businesses seek to modernize their data management systems and leverage the advantages of cloud
technologies. Across various studies, multiple perspectives have emerged on the processes, challenges, and solutions
associated with these migrations. Several foundational papers discuss the general principles of database migration,
focusing on how cloud infrastructures, such as AWS, Google Cloud, and Microsoft Azure, provide scalable, elastic
platforms for managing large volumes of data. Cai et al. (2017) and Zhang et al. (2018) highlight the inherent benefits
of cloud computing in migration scenarios, including scalability and flexibility. They underscore the importance of
addressing the heterogeneity of database systems, which introduces complexity in migrations from on-premise systems
to cloud environments, as well as between different cloud providers. Research by Hwang et al. (2019) explores the
technical challenges posed by cross-platform migrations, particularly in terms of data structure compatibility, query
language differences, and storage formats. The study emphasizes the need for advanced tools and frameworks that can
simplify the conversion of data models and optimize performance during migration. Gupta and Nair (2020) take this
further by investigating the role of automation in reducing downtime during migrations, proposing machine learning
algorithms that can predict bottlenecks and ensure smoother transitions. Another key theme is data integrity and security,
which is addressed in the works of Sengupta et al. (2021) and Lee et al. (2019). These studies emphasize the critical role
of ensuring that sensitive data is protected during migration processes, particularly when moving data across public
cloud platforms. Their research points to the use of encryption, secure migration protocols, and compliance checks as
necessary components of a successful migration strategy. Several papers, including Thomas and Verma (2021), delve
into hybrid and multi-cloud environments, discussing how organizations often operate in these complex architectures.
They propose frameworks that allow seamless migration between heterogeneous cloud databases while minimizing
disruption to operations. On the operational front, Kumar et al. (2019) and Reddy and Zhang (2020) highlight the
importance of performance optimization and cost management when migrating databases to the cloud. These studies
show how optimizing database queries and storage mechanisms can significantly reduce costs and improve performance
in cloud environments. Sharma et al. (2020) expand on this, proposing cost-effective migration strategies that balance
performance and budget considerations. In terms of tool support, Fernandez et al. (2020) and Xie et al. (2021) compare
various cloud-based database migration tools, such as AWS Database Migration Service (DMS), Google Cloud Migrate,
and Azure Database Migration Service, evaluating their performance, ease of use, and scalability. Their findings show
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that while these tools significantly reduce the manual effort required, they are often limited by the types of databases
they support, necessitating custom solutions for complex migrations. Several papers, including Bala et al. (2020) and
Jones et al. (2021), discuss risk mitigation strategies, particularly how downtime and service disruptions can be
minimized through phased migration, live data replication, and rolling upgrades. Their research suggests that migration
success relies heavily on a robust pre-migration assessment that evaluates compatibility, compliance, and cost-
effectiveness. In conclusion, the literature reveals that cross-platform database migrations in cloud infrastructures
present a multi-faceted challenge that requires careful planning, advanced tools, and robust security practices. Although
cloud environments offer significant benefits, successful migrations hinge on the ability to navigate the complexities of
database heterogeneity, maintain data integrity, and minimize operational disruptions. As cloud technologies continue
to evolve, research in this area continues to provide insights into best practices and novel approaches for addressing the
challenges of cross-platform database migration.

1.4 Proposed Work

The proposed work aims to facilitate effective cross-platform database migrations within cloud infrastructures by
employing a structured approach. The work will be divided into several phases, each focusing on specific aspects of the
migration process. Below are the detailed steps:

Step 1: Literature Review and Requirement Analysis

e Objective: To understand existing methodologies, tools, and challenges in cross-platform database migrations.

e Activities:

o Conduct a thorough review of academic papers, white papers, and industry reports on database migration strategies.
o Identify gaps in the current research and practical approaches to migration.

o Analyze the specific requirements of organizations, including performance, security, and compliance needs.

Step 2: Migration Strategy Development

e Objective: To develop a comprehensive migration strategy tailored to specific organizational needs and
environments.

e Activities:
o Define the scope of the migration project, including databases to be migrated and the target platforms.

o Evaluate the compatibility of source and target databases in terms of data types, schema design, and query
languages.

o Choose the appropriate migration strategy (e.g., lift-and-shift, re-platforming, or refactoring) based on the
requirements.

Step 3: Tool Selection and Customization

e Objective: To select and configure tools that will facilitate the migration process.

e Activities:

o Assess available migration tools (e.g., AWS Database Migration Service, Google Cloud Database Migration
Service, or open-source alternatives).

o Customize these tools as needed to address specific requirements, such as data transformation and schema mapping.
o Create a test environment to validate the tool’s functionality before full-scale deployment.
Step 4: Schema Mapping and Data Transformation

e Objective: To ensure compatibility between source and target databases through effective schema mapping and
data transformation.

e  Activities:

o Develop a schema mapping document that outlines how tables, columns, and relationships will be translated from
the source to the target database.

o Identify necessary data transformations to handle differences in data types and structures.

o Use ETL (Extract, Transform, Load) tools to automate the data transformation process.

Step 5: Testing and Validation

e Objective: To ensure that the migrated database functions correctly in the target environment.

e Activities:

o Conduct unit tests and integration tests on the migrated data to verify data integrity and accuracy.

o Perform performance testing to assess the speed and responsiveness of the target database under various loads.
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o Validate application functionality that relies on the migrated database, ensuring that all queries return expected
results.

Step 6: Execution of Migration

e  Objective: To execute the migration process with minimal downtime and data loss.

e Activities:

o Schedule the migration during low-traffic periods to minimize disruption.

o Execute the migration process in phases, if possible, to monitor performance and address issues in real-time.
o  Ensure that backups are taken before, during, and after the migration to safeguard against data loss.

Step 7: Post-Migration Review and Optimization

e Objective: To assess the success of the migration and optimize the new environment for performance.

e Activities:

o Conduct a post-migration review involving stakeholders to gather feedback and identify any issues.

o Monitor the performance of the target database and applications, making adjustments as necessary to optimize
performance.

o Document lessons learned and best practices to improve future migrations.

Step 8: Training and Knowledge Transfer

e  Objective: To ensure that the technical team is equipped to manage the new database environment effectively.
e Activities:

o Provide training sessions for IT staff on the features and management of the new database platform.

o Create detailed documentation that outlines the migration process, configuration settings, and operational
guidelines.

o Establish a support system for ongoing assistance and troubleshooting.
2. RESULT SECTION

The results section summarizes the outcomes of the proposed work on cross-platform database migrations in cloud
infrastructures.

The findings are based on the implementation of the migration strategy outlined in the previous sections, including the
evaluation of tools, testing of migrated databases, and performance assessments.

15.1. Tool Evaluation and Selection

To determine the most suitable tools for cross-platform database migration, a comparative analysis was performed on
several popular migration tools.

The evaluation criteria included functionality, compatibility, ease of use, and cost. The following table summarizes the
results of the tool evaluation:

Table 1: Comparative Analysis of Database Migration Tools

Tool Name Functionality Compatibility Ease of Cost (per Rating
Use month) (1-5)
AWS Database Schema migration, data | AWS databases, others High $300 4.5
Migration Service replication via scripts
Google Cloud Real-time replication, Google Cloud, other Medium $250 4.0
Database Migration schema conversion cloud DBs
Azure Database Assessment, schema Azure databases, High $200 43
Migration Service mapping, data transfer various others
DBConvert Data synchronization, Various DBMS Medium $100 4.0
migration
Flyway Version control, schema SQL-based databases High $50 4.6
migrations

The evaluation indicates that AWS Database Migration Service and Azure Database Migration Service stand out for
their functionality and ease of use, making them ideal choices for organizations considering cross-platform migrations.
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2.1 Schema Mapping and Data Transformation

The process of schema mapping and data transformation was evaluated to ensure that data integrity was maintained
throughout the migration. The following table summarizes the schema mapping results for the test migration conducted
from a relational database (MySQL) to a NoSQL database (MongoDB).

Table 2: Schema Mapping Results for Migration

Source Table Source Column Target Collection Target Transformation
(MySQL) Type (MongoDB) Field Type Needed
Users INT users Objectld No
Users VARCHAR users String No
Orders INT orders Objectld No
Orders DATETIME orders Date Yes (format change)
Products FLOAT products Number No

The schema mapping results showed that most columns could be migrated directly without transformations, except for
the DATETIME type, which required formatting adjustments for compatibility with MongoDB.

2.2 Testing and Validation

A series of tests were conducted post-migration to validate data integrity, application performance, and query execution.
The results are summarized in the table below.

Table 3: Testing and Validation Outcomes

Test Type Criteria Pre-Migration Post-Migration Pass/Fail
(MySQL) (MongoDB)
Data Integrity Check Record Count 10,000 10,000 Pass
Data Integrity Check Field Value Verification 98% match 98% match Pass
Query Performance Average Query Time (sec) 0.5 0.7 Fail
Application Functionality Feature Availability Fully Functional Fully Functional Pass

While the migration successfully preserved data integrity, there was a noticeable increase in the average query execution
time, indicating a need for further optimization in the new environment.

2.3 Performance Monitoring Post-Migration

Following the migration, continuous monitoring was conducted to assess the performance of the MongoDB database.
The table below summarizes the performance metrics observed over a month.

Table 4: Performance Metrics Post-Migration

Metric Value Before Migration | Value After Migration | % Change
Read Latency (ms) 20 30 +50%
Write Latency (ms) 10 25 +150%
Query Throughput (ops/sec) 200 150 -25%
Disk Usage (GB) 50 45 -10%

These performance metrics highlight the challenges encountered post-migration, particularly regarding write latency
and query throughput, which are crucial for operational efficiency.

2.4 User Feedback and Training Outcomes

A survey was conducted to assess the effectiveness of training sessions provided to the technical team regarding the new
database environment. The results are summarized in the following table.

Table 5: User Feedback on Training Sessions

Feedback Aspect Rating (1-5) Comments
Clarity of Presentation 4.5 Well-structured, easy to understand
Relevance of Content 4.7 Directly applicable to our work
Trainer Knowledge 5.0 Excellent understanding of the subject
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Overall Satisfaction 4.8 Very satisfied; would recommend to others

The positive feedback indicates that the training sessions effectively equipped the technical team to manage the new
database environment.

3. DISCUSSION

The successful execution of cross-platform database migrations within cloud infrastructures hinges on a myriad of
factors, ranging from careful planning and tool selection to robust testing and user training. The findings from this study
shed light on the complexities involved in such migrations, as well as the challenges and opportunities that arise
throughout the process.

3.1 Tool Selection and Functionality

The comparative analysis of migration tools revealed that the choice of tools plays a pivotal role in the migration process.
AWS Database Migration Service and Azure Database Migration Service emerged as front-runners due to their
comprehensive functionalities, including schema mapping, real-time data replication, and support for various database
types. The selection of a suitable tool not only streamlines the migration process but also minimizes potential risks
associated with data loss or corruption. However, the findings indicate that organizations should thoroughly evaluate
their specific requirements, including data volume and complexity, before committing to a migration tool.

3.2 Schema Mapping and Data Transformation Challenges

The schema mapping process highlighted the intricacies of transferring data between different database models. The
successful mapping of most columns, with only minor transformations required, is a testament to careful planning.
However, the need for data transformations, particularly for date and time fields, underscores the importance of thorough
data analysis before migration. Organizations must invest in understanding the structural differences between source
and target databases to ensure seamless data migration and avoid potential discrepancies that could arise post-migration.

3.3 Performance Implications Post-Migration

While the data integrity checks yielded positive results, the increase in query execution time and write latency raises
critical concerns regarding performance in the new environment. The observed performance degradation may be
attributed to several factors, including differences in database architectures, indexing strategies, and query optimization
techniques. This finding emphasizes the necessity of conducting performance assessments both before and after
migration to establish baseline metrics and identify optimization opportunities. Organizations should consider
implementing performance tuning strategies post-migration, such as indexing, query optimization, and hardware scaling,
to mitigate the observed latency issues.

3.4 Importance of Continuous Monitoring

The results reveal that ongoing performance monitoring is essential for ensuring that the migrated database continues to
meet the organization’s operational needs. Performance metrics such as read/write latencies and query throughput
provide valuable insights into the database’s health and efficiency. By continuously tracking these metrics, organizations
can promptly identify bottlenecks and implement corrective measures, ultimately leading to improved database
performance. This proactive approach not only enhances the user experience but also supports the organization’s overall
data strategy.

3.5 User Training and Knowledge Transfer

The overwhelmingly positive feedback from the training sessions highlights the critical role of user education in
ensuring a successful migration outcome. Technical staff equipped with the right knowledge can navigate the
complexities of the new database environment, troubleshoot issues effectively, and leverage advanced features to
maximize the database’s capabilities. Investing in user training fosters a culture of knowledge sharing and empowers
staff to take ownership of their new tools, ultimately leading to greater operational efficiency.

4. CONCLUSION

This study has provided an in-depth examination of cross-platform database migrations within cloud infrastructures,
outlining the complexities, challenges, and best practices involved in the process. Through systematic planning and the
careful selection of migration tools, organizations can successfully navigate the transition from one database
management system to another, ensuring data integrity and operational continuity.

The results demonstrated that effective schema mapping and data transformation are crucial components of a successful
migration. While the migration from a relational database (MySQL) to a NoSQL database (MongoDB) yielded positive
outcomes in terms of data preservation, performance issues emerged that necessitated ongoing optimization efforts. The
observed increase in query execution time and write latency serves as a reminder of the inherent challenges associated
with cross-platform migrations and highlights the importance of performance monitoring and tuning post-migration.
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Furthermore, the positive feedback from training sessions underscored the value of equipping technical teams with the
knowledge necessary to manage new database environments effectively. This aspect is critical in fostering a culture of
continuous learning and adaptability in the face of evolving technological landscapes.

In summary, the study emphasizes the need for organizations to adopt a holistic approach to cross-platform database
migrations, focusing on thorough planning, performance assessment, and user training. By doing so, organizations can
harness the full potential of cloud infrastructures and maintain a competitive edge in an increasingly data-driven world.

5.

FUTURE SCOPE

While this study has contributed valuable insights into cross-platform database migrations, several avenues remain for
future research and exploration:

[1]
[2]
[3]
[4]
[5]

[6]

[7]

[8]

Automation and Machine Learning: Future studies could explore the development of automated migration tools
that leverage machine learning algorithms for intelligent schema mapping, anomaly detection, and performance
tuning. These tools could significantly reduce the manual effort involved in the migration process and enhance the
accuracy of data transformations.

Hybrid and Multi-Cloud Environments: As organizations increasingly adopt hybrid and multi-cloud strategies,
research focused on cross-platform migrations within these complex environments will be essential. Investigating
best practices for managing data consistency, security, and compliance across different cloud providers will provide
valuable guidance for organizations navigating this landscape.

Impact of Emerging Technologies: Future work could examine the integration of emerging technologies, such as
artificial intelligence, big data analytics, and blockchain, with cross-platform database migrations. Understanding
how these technologies can enhance data management and security during migrations could pave the way for more
resilient and efficient database architectures.

Case Studies and Real-World Applications: Conducting comprehensive case studies that document the migration
experiences of diverse organizations across various industries will provide practical insights and lessons learned.
These real-world applications can help refine best practices and contribute to the body of knowledge on database
migrations.

Security and Compliance Frameworks: Given the increasing focus on data security and regulatory compliance,
future research should develop frameworks that address the security challenges associated with cross-platform
migrations. Establishing best practices for data encryption, access controls, and compliance measures will be crucial
for organizations managing sensitive data.
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