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Leading social media Facebook has improved its architecture to meet user
needs. Facebook has improved its systems to handle millions of users with
heavy workloads and large datasets using innovative architectural solutions
and adaptive strategies. The study examines Facebook’s architectural and
technological advances in heavy workload and big data. To understand how
Facebook scaled with a growing user base and data volume, history and
system architecture will be examined. It will also examine how cloud storage
and high-performance computing optimize resource utilization and maintain
performance during peak user activity. Facebook is managing big data and
heavy workloads with new technologies like the hybrid communication model
that uses PULL and PUSH strategies for real-time messaging. Facebook
switched from HBase to MyRocks for message storage to improve
performance as data grew. Architectural scaling and technology stack research
must prioritize data storage innovations and optimized communication
protocols to handle heavy workloads and big data. The messenger Sync
protocol reduces network congestion and improves synchronous
communication, reducing resource consumption and maintaining performance
under high load. High-performance computing (HPC) and cloud storage
should be studied together to support complex compute workflows. This
convergence may improve large-scale application infrastructures and
encourage interdisciplinary collaboration for scalable and resilient systems.
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1. INTRODUCTION

In the fast-changing digital world, being able to expand technology infrastructure is essential for
keeping users engaged and ensuring smooth operations. Facebook, a prominent social media platform,
provides a noteworthy example of scaling its technology and systems in the face of a significant volume of
user-generated content [1]-[12]. In the past, Facebook’s engineering teams have faced many issues with
heavy workloads and the need to handle large amounts of data. By using new architectural solutions and
flexible strategies, the platform has consistently improved its systems, enabling a strong response to the
needs of millions of users at once. This study looks into the details of Facebook’s growth, exploring past
methods, current practices, and future directions related to big data management and scalability. By
examining these aspects, we hope to reveal the key principles that have supported Facebook’s ability to adapt
and its effects on the larger tech environment.
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In a world centered on social connections, Facebook’s rapid growth since its inception in 2004
illustrates its innovative use of technology and the ways users engage with the platform. The user base
expanded from a small Harvard network to over 2.8 billion monthly active users globally, reflecting a
significant demand for social media that transcends geographical and demographic boundaries. This
remarkable growth necessitated structural changes within Facebook to effectively manage the vast amounts
of data generated by user interactions and content sharing. As noted in [13], the platform has evolved through
the implementation of advanced technologies, including real-time messaging, user updates, and efficient data
retrieval systems. Furthermore, the development of scalable solutions like the Messenger Sync protocol,
which greatly reduces non-media data consumption, underscores Facebook’s commitment to improving user
experience as demands increase. This continuous evolution emphasizes the crucial relationship between
architecture and user needs in Facebook’s strategic direction.

The ability to scale technology architecture effectively is important for maintaining performance and
reliability in applications with high traffic, especially in data-heavy environments. Facebook has
continuously changed its architectural parts to keep up with the rapid increase in user interactions and data
sharing, focusing on the resilience of its messaging systems. Proper scaling ensures optimal resource
utilization, preventing potential bottlenecks during high workloads. For example, standard scheduling
methods like first in, first out (FIFO) often do not meet demands, as mentioned in [14]. By using smart
scheduling methods that consider job sizes and node loads, organizations can improve efficiency and
response times, achieving a balance between resource distribution for short and long jobs. In the end, as
systems grow, creating flexible scaling strategies becomes essential, highlighting a proactive approach in
technology architecture that prepares for future needs while maximizing existing capabilities.

The management of big data in today’s data environments involves handling large volumes, rapid
processing, and diverse formats, which closely relate to the concept of heavy workloads. Heavy workloads
occur when systems are required to process substantial amounts of transactional data and conduct real-time
analyses, as exemplified by platforms like Facebook that manage billions of messages daily [15]. This
complexity demands robust infrastructures capable of scaling efficiently to meet evolving demands, which is
important for preserving stable operational performance. Big data refers to datasets that exceed the capacity
of traditional data-processing tools, thereby necessitating advanced algorithms and systems for effective
management. For instance, the integration of high-performance computing and cloud storage signifies a
major advancement, enhancing computing power while reducing costs. This evolution makes it essential for
new technologies to address the challenges associated with heavy workloads in big data processing [16].
Consequently, grasping these concepts is vital for tackling the challenges and seizing opportunities within the
technology sector, which relies heavily on data.

The research study aims to examine the changes, current methods, and future directions of
Facebook’s architectural and technological improvements concerning heavy workloads and big data
requirements. By analyzing past data management and system design, this study will demonstrate how
Facebook’s scaling methods have effectively addressed the challenges associated with an expanding user
base and large volumes of data. This research will look at how using cloud storage and powerful computing
helps improve efficiency, making sure resources are used well and performance stays steady during busy
times. Furthermore, it will explore the impact of various scaling techniques, such as transitioning from HBase
to MyRocks [17], [18], to enhance data retrieval. The research will also highlight Shivang’s findings [16]
regarding the importance of system architecture in high-demand scenarios. Collectively, these objectives will
point out the importance of architectural changes in supporting growth within social media platforms.
A thorough analysis of the evolution of Facebook’s technology and structure is essential, especially given the
challenges related to managing large data sets and heavy usage. The structure of the study begins with an
introduction that outlines the background and significance of the topic. This is followed by a brief literature
review that synthesizes previous work on scalable architectures and innovative strategies employed by
Facebook to manage real-time user engagement and data processing [15]. The study will then review
Facebook's technological history, comparing earlier systems with current ones, particularly focusing on the
integration of cloud storage in high-performance computing setups to boost performance and reduce costs
[16]. Finally, the conclusion will not only summarize the findings but also provide recommendations for
future research and practices, illustrating how technological advancements influence the ongoing growth of
social media platforms like Facebook.

2.  HISTORICAL CONTEXT OF FACEBOOK’S ARCHITECTURE

The architectural development of Facebook illustrates complex responses to the increasing demands
of a rapidly expanding user base, reflecting the broader context of technological changes in the digital age.
Initially, Facebook’s architecture was simple, utilizing a Linux, Apache, MySQL, and PHP (LAMP) stack as
its primary platform. Figure 1 demonstrates that the Facebook messaging component initially depended on
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HBase, a distributed file system (HDFS) based on Hadoop. HBase is an open-source, non-relational
distributed database inspired by Google BigTable and programmed in Java. The engineering team selected it
for its high write throughput and low latency. Key features of this distributed system included horizontal
scalability, high consistency, and reliability. Other services, such as the internal monitoring system, search
indexing, streaming data analysis, and data scraping, also employed HBase in production. However, as user
activity surged, the evolving needs necessitated a redesign of the platform's technical framework. This
historical transition involved incorporating Erlang for real-time messaging, resulting in a sophisticated chat
system that processes billions of messages daily. Additionally, tackling the essential issue of user presence
information was critical in developing scalable systems, as real-time tracking of user statuses required
substantial resources [15]. As Facebook expanded, the transition from HBase to MyRocks exemplified its
adaptability to big data challenges, where enhancing performance became vital for maintaining operational
stability under heavy workloads [17]-[19]. Thus, Facebook’s architectural evolution highlights technological
adaptation and signifies a major shift in managing complex digital interactions.
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Figure 1. HBase deployment at Facebook

2.1. Initial architecture and technology stack at launch

Facebook designed its initial setup to facilitate rapid growth and efficient management of user data
from the outset. At its inception, Facebook utilized a technology stack that included PHP for its web interface
and a MySQL database for effective data storage and retrieval. This foundational setup enabled quick
launching and continuous enhancements, which were crucial during the platform's swift expansion. As the
number of users grew, performance issues emerged, necessitating modifications to the stack. The
implementation of Erlang channel servers for message management provided a robust solution for real-time
communications, addressing essential needs as user demands escalated [15]. Furthermore, the transition from
HBase to MyRocks indicated a strategic pivot aimed at enhancing data processing efficiency while
navigating the complexities associated with big data tasks. By integrating these technologies, Facebook
established a resilient architecture capable of accommodating the substantial demands of its users, setting a
precedent for future advancements in its technology stack.

2.2. Evolution of Facebook’s infrastructure over the years

The development of Facebook’s infrastructure demonstrates its capacity to adapt to increasing user
demands and technological changes. Initially, the site operated on a basic LAMP setup to accommodate rapid
user growth. However, as data and user engagement expanded, Facebook transitioned to a more
sophisticated, modular system. The upgrade included the implementation of the Messenger Sync protocol,
which reduced non-media data usage by 40% and alleviated network traffic. Furthermore, the shift from
HBase to MyRocks for message storage reflects Facebook’s commitment to effectively managing large
datasets. Enhanced messaging capabilities, featuring components like Erlang channel servers and C++ user
presence modules, bolster the infrastructure's ability to support the platform's intricate yet robust system. This
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ongoing evolution underscores Facebook’s strategic investment in refining its architecture to maintain strong
performance under heavy usage, illustrating a dedication to scaling and reliability in a data-intensive
environment [15], [20].

2.3. Key challenges faced in early scaling efforts

The shift to a scalable structure presented significant challenges during Facebook’s growth,
particularly as the demand for real-time communication and content sharing surged. A key issue was the
effective management of user presence information, which became increasingly complicated under high
traffic conditions. According to Shivang [15], the chat services system needed to process billions of daily
messages while ensuring optimal performance during peak times. Facebook had to implement improved load
balancing techniques and transition from HBase to MyRocks for message storage—decisions that
underscored the operational difficulties associated with scaling. Additionally, the integration of PULL and
PUSH communication methods required a careful balance between performance and the management of
system resources. These challenges demonstrate that early scaling necessitated not only new technologies but
also strategic planning to address infrastructure limitations and enhance user experience [13], [21].

2.4. Major technological innovations introduced

The changes in Facebook’s structure have been marked by major tech improvements that solved
problems linked to scaling and large data amounts. One key development is the use of a mixed
communication model in its chat system, which uses both PULL and PUSH methods. This feature helps
manage user presence and messaging during heavy loads, as mentioned in [15]. This strategy shows a wider
trend toward using specific edge devices and plans to reduce network delays, which is especially important
for real-time apps in rural areas [22]. Also, the addition of MyRocks, which improves how databases store
data, marks an important move toward better data retrieval, boosting both performance and scalability. By
putting these new technologies into action, Facebook changed its tech framework, providing a strong base for
managing more complicated workloads while setting the stage for future developments in big data systems.

2.5. Lessons learned from past scaling experiences

The complex growth process experienced by leading tech companies imparts crucial lessons that
influence both current and future systems, particularly in managing large tasks and big data. A key takeaway
from Facebook's growth initiatives is the necessity of enhancing communication methods to improve
performance during peak traffic periods. For instance, the Messenger Sync protocol reduced non-media data
usage by 40%, alleviating network strain and illustrating the importance of protocol efficiency in message
handling. Additionally, as high-performance computing (HPC) combines with cloud technologies, it's
important to connect different storage systems to prevent interruptions in scientific work [16]. By prioritizing
the expansion of load balancers, Facebook successfully minimized chat service downtimes, demonstrating
that proactive infrastructure changes are essential for maintaining service reliability as user numbers surge [15].
Consequently, drawing lessons from past experiences enables organizations to develop robust and adaptable
systems that can meet growing data demands.

3. CURRENT ARCHITECTURE AND TECHNOLOGY STACK

Getting how today’s architecture and technology stack used by big tech companies works is
important for judging their capacity to handle more workloads and large data as shown in Figure 2.
Facebook’s architecture shows this, changing from a simple one-piece design to a complicated system based
on microservices that is meant for growth and effectiveness when many users are active. Important parts, like
the mixed communication model used in its live chat feature, show how Facebook mixes PULL and PUSH
techniques to improve how resources are used and response times in messaging services. This structure uses
a mix of JavaScript, PHP, and Erlang, along with modern tools like MyRocks for handling databases, which
helps manage user interactions within the huge number of messages sent daily [15]. This level of complexity
has helped the platform to cut down on service failures and keep users connected during busy times, proving
how new technology stacks can improve system performance [23].

3.1. Overview of Facebook’s current architecture

The design of Facebook has changed a lot to meet the growing needs for users interacting and
managing data. At the heart of this system is a mixed communication model that uses both PULL and PUSH
methods, enabling users to interact in real-time while reducing delays. This system effectively backs the
messaging feature, which handles billions of messages each day, showing the need for efficiency in such
large volume management. Plus, using different programming languages like JavaScript for the user
interface, PHP for the web layer, and Erlang for managing messages helps improve performance across
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various services. Additionally, moving from Hbase to MyRocks for storing messages shows Facebook’s
dedication to using the latest database technologies to improve speed of retrieval and data reliability.
The ongoing changes to their architecture, as noted in [15], emphasize the strategic need to combine cloud
and HPC resources, as stated by [16], ultimately creating a strong and expandable system that can manage its
large user base and complicated tasks.
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Figure 2. Facebook’s real-time chat architecture and technology stack

3.2. Technologies used for data storage and management

The complex area of data storage and management technologies has changed a lot to keep up with
the increasing amount and complexity of data produced on platforms like Facebook. Key to this system is
integrating different database systems that are built to effectively manage various workloads. Facebook
started using Hbase for message storage but later moved to MyRocks, improving how data is retrieved by
using the special features of Flash memory and MySQL’s structured storage model, thus enhancing
performance [15]. Moreover, combining HPC with cloud storage technologies offers a good path for
scalability, enabling flexible resource allocation while improving cost efficiency. As explained in the
convergence assessment model, using cloud setups allows for strong data sharing between HPC and cloud
environments, creating a smooth workflow that improves both performance and resource use [16]. This blend
of technologies shows a forward-looking method to tackle the big data issues faced by high-traffic
applications like Facebook.

3.3. Load balancing and traffic management strategies

Managing network traffic in large architectures is complicated and needs strong load balancing and
traffic management methods that can change with demand. When Facebook faced rising user activity,
especially on its messaging platform, the engineering team used various techniques to keep performance
smooth. In the realm of software-defined networking (SDN), good load balancing is crucial to reduce delays
between controllers and switches, especially during busy times [24]. This is supported by clever methods like
migration strategies that improve resource use by watching and adjusting to traffic patterns, which helps
maintain service quality during peak times [25]. Using these methods not only made the architecture more
scalable but also enhanced response times and reliability. In the end, the ongoing development of these
techniques shows their important role in maintaining application performance in an age marked by big data
and high user engagement, as seen in Facebook’s shift from Hbase to MyRocks for faster message retrieval,
improving both speed and scalability [15].

3.4. Real-time data processing capabilities

The ability to handle data right away is key for today’s apps, especially for social media platforms
like Facebook. With billions of messages sent daily, Facebook’s system is carefully built to manage this load
effectively. Using a mix of PULL and PUSH communication methods, the platform balances heavy tasks like
tracking user presence, which is important for real-time interaction. The use of advanced processing systems,
such as the Hadoop ecosystem combined with Apache Spark, allows for quick data analysis and sentiment
detection on a large scale, tackling the issues that come with a lot of user-generated content [13].
Additionally, the creation and improvement of tools like the messenger Sync protocol show a big
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improvement in real-time functions, cutting down on data transfer while boosting user satisfaction [13].
These developments not only show Facebook’s quick response to what users want but also emphasize the
vital role of real-time data handling in keeping up with changing tech environments [26].

3.5. Security and privacy considerations in scaling

As Facebook grows its architecture to handle large workloads and huge datasets, many security and
privacy issues come up that need careful attention. The mix of technologies, especially in the full-stack
JavaScript framework, brings unique vulnerabilities that could put user data at risk, making it essential for
developers to tackle possible threats from both the client side and server side [27]. Additionally, using cloud
storage along with on-premise HPC solutions creates a situation where poor management of data-sharing
interfaces can result in unauthorized access or data leaks [16]. The architecture used in Facebook’s real-time
chat system shows these difficulties; keeping track of user presence information requires secure transmission
protocols to stop interception or tampering during high activity, underscoring the need for broad security
measures that cover both application and infrastructure layers. Therefore, as Facebook continues to develop its
technology stack, focusing on security is crucial to maintaining user trust and meeting data protection laws.

4. CHALLENGES OF SCALING WITH HEAVY WORKLOAD AND BIG DATA

Scaling technologies in environments with heavy workloads and big data brings many challenges
that need careful strategies. Key difficulties include efficiently sharing resources and improving data storage
solutions, which are essential to keep performance high under pressure. To deal with the space issues. The
engineering team at Facebook wrote a new MySQL database engine, MyRocks [18], which reduced space
usage by 50% and also helped improve the write efficiency as shown in Figure 3. Over time, Facebook
migrated its user-facing database engine from InnoDB to MyRocks. The migration was relatively
straightforward, as only the DB engines underwent changes, while the core MySQL technology remained
unchanged. The move from Hadoop systems to MyRocks in Facebook’s setup shows a strategic change
focused on handling large amounts of data while bettering query performance. This shift highlights a wider
need to tackle delays while maintaining strong data integrity, creating a challenge in terms of both speed and
reliability. Additionally, Facebook’s development of the messenger Sync protocol underscores the
significance of innovative communication techniques in mitigating network congestion in big data
environments. As companies deal with the complexities of real-time data processing, these experiences
highlight the crucial connection between architectural changes and the operational needs of scalable, data-
heavy applications.

MySQL Clients |
‘ SQL/ConnectorMy

SQL Server Layer (Parser, Optimizer, Replication, etc) ‘

Pluggable Storage Engine Interface |

MyRocks Engine

LD RocksDB (embedded library)

Figure 3. MyRocks MySQL storage engine written by Facebook [18]

4.1. Performance bottlenecks in data processing

Finding and fixing performance issues in data processing is a big problem, especially as platforms
such as Facebook keep expanding their systems to handle large workloads and massive amounts of data.
These issues often come from poor resource allocation, slow data retrieval methods, and high network
latency, which can disrupt real-time processing and user engagement. According to [28], using large models
in big data processing shows how performance improvement strategies can solve these problems by
increasing computing efficiency and better resource allocation. Additionally, the fast digital changes
affecting small and medium businesses highlight the need for scalable solutions that can handle increased
data loads without hurting system performance-this is closely related to the performance issues seen in larger
systems like Facebook. Using strong data management systems, as mentioned in [29], can also help ease
these problems, ensuring that system performance and user experience are preserved even with rising
operational challenges. Therefore, a broad strategy that considers both system design and resource
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management is crucial for overcoming ongoing performance issues that hinder efficient data processing in
busy environments.

4.2. lIssues related to data consistency and integrity

Keeping data consistent and intact is a big challenge, especially in systems that deal with lots of
users and large datasets. For platforms like Facebook, which handle billions of messages every day using
complex systems, it’s critical to keep a consistent state between distributed databases. Problems can come up
when multiple transactions happen at the same time, which can cause data issues. This shows the need for
strong system designs that can handle heavy loads without losing data integrity. The mixed communication
method Facebook uses, involving both PULL and PUSH tactics, shows a smart way to reduce these risks
while keeping real-time functions. Also, moving from Hbase to MyRocks for storing messages shows a focus
on improving performance and data trustworthiness, as noted in [15]. Good solutions should aim for regular
checks and fixes on data to keep user information precise and reliable, despite the challenges of big data
settings, a worry discussed in studies on user data leaks in current literature [30].

4.3. Scalability challenges in distributed systems

In distributed systems, scalability is a complicated problem affecting both design and how well they
operate. As services grow, there are new challenges with handling more user requests and large amounts of
data. For example, Facebook deals with these issues in its real-time chat system, which needs to process
billions of messages every day while keeping track of user statuses. The mix of PULL and PUSH
communication methods shows the struggle to keep the system quick while also managing its resources [15].
Additionally, the difference between old and cloud storage designs makes scalability even harder,
particularly as hybrid systems become more common. Research on this mix shows that using cloud storage
can save money and improve efficiency, but it also adds performance challenges that must be carefully
managed to prevent slowdowns [16]. Thus, achieving effective scalability in distributed systems depends on
new architectural strategies that combine different technologies while addressing their existing challenges.

4.4. Resource allocation and cost management

Good resource use and cost control are very important for growing complex systems like
Facebook’s, especially with heavy workloads and large data sets. Using serverless architectures has been
helpful, allowing for flexible resource use that cuts costs by about 30% while also helping with scalability [15].
This fits with Facebook’s approach, where they always try to improve their technology tools to boost
performance and control costs. For example, using a combination of PULL and PUSH communication
methods shows how Facebook balances resource expenditure while keeping service reliably available,
showing a clear understanding of the cost factors in real-time systems [31]. Furthermore, by using advanced
data management tools like MyRocks to improve message retrieval, Facebook demonstrates a focus on both
enhancing performance and reducing infrastructure costs-both key for handling the challenges of big data [32].

4.5. Impact of user behavior on system performance

User actions greatly affect how well a system works, especially for big applications like Facebook,
where user interactions produce a lot of real-time data. Differences in user activity, like how often they send
messages and how involved they are, create changing workloads that put a strain on the system’s ability to
scale well. For instance, the setup of the real-time chat system needs to handle billions of messages each day
while maintaining low delays and high uptime. Thus, the hybrid communication model that mixes PULL and
PUSH techniques, explained in [15], highlights the complicated relationship between user behavior and
system requirements. Likewise, analyzing user-generated content to understand public opinion, as discussed
in [13], shows how changes in user activity can influence the efficiency of backend processes, impacting
overall system performance. Therefore, it’s crucial to regularly monitor and adjust system parts to prevent
performance drops due to unpredictable user actions, emphasizing the importance of efficient designs that
can handle high workload situations.

5. FUTURE DIRECTIONS AND INNOVATIONS

Facebook is facing problems with heavy workloads and lots of data, so using new technologies is
very important for its future plans. The way its messaging and chat services can grow shows that
improvements are needed; for example, the messenger Sync protocol has cut down on non-media data use by
40%, which shows there is room for better performance in communication tools. Additionally, the use of
SDN with internet of things (10T) applications, mentioned in recent studies, could help improve how data is
managed across different platforms [33]. By using advanced methods like text mining and natural language
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processing, noted in discussions about E-commerce [34], Facebook can better understand how users interact
and what they like, leading to new ideas in user engagement. The link between these technological
improvements allows Facebook to not only expand its services but also change the way users experience the
digital world.

5.1. Emerging technologies that could influence scaling

The ongoing growth of new technologies has important effects on developing large architectures,
especially in social media. Recent progress in cloud computing, machine learning, and distributed databases
opens ways to improve performance and better manage data. For example, moving to a federated architecture
deals with the complex balance of cost and complexity amid rising data needs, which is essential for
companies like Facebook that handle huge streams of user interactions [35]. Furthermore, adding real-time
analytics tech allows systems to quickly process data and generate insights, which is vital for keeping users
engaged and running efficiently. This shift reflects the architectural strategies seen in Facebook’s messaging
setup, where tools like MyRocks have changed data storage methods, speeding up data retrieval while
reducing pressure on systems [15]. As these trends develop, their overall effect on scalability will be more
noticeable, requiring a forward-thinking approach to design and tech integration.

5.2. Predictions for Facebook’s architecture evolution

As Facebook works through a complicated data environment, it must advance its structure to meet
growing needs for both scale and performance. Going towards a more connected and spread-out system, as
new studies suggest, may help Facebook manage its different data sources and combine older systems better
[35]. Also, the move to edge computing offers a chance for Facebook to reduce delays and enhance user
experience, especially in less served areas [22]. Utilizing low-energy hardware boosters and new
management methods, Facebook can simplify how it deploys applications and makes better use of resources,
improving overall system dependability. The engineering challenges of its existing real-time chat system
illustrate this; a new, flexible design could allow for easier scaling while keeping costs under control. In
conclusion, these forecasts for Facebook’s structure highlight the importance of a flexible, responsive system
that can handle large workloads and effectively use big data, as shown by information from the company’s
ongoing progress in messaging and presence management technology [15].

5.3. Potential for artificial intelligence and machine learning integration

In the last few years, adding artificial intelligence and machine learning to large systems, like those
used by Facebook, has changed how data is processed and analyzed. By using complex algorithms,
Facebook’s systems can improve user experiences through personalized interactions and manage the huge
amounts of data created each day, especially in real-time apps like its chat service. The use of artificial
intelligence and machine learning also helps in better resource management and forecast analytics, making it
easier to handle user presence information, which is a vital and demanding task [15]. Additionally, progress
in these technologies can improve message queuing and network traffic management, as shown by the
messenger Sync protocols’ better data usage [36]. Therefore, integrating artificial intelligence and machine
learning into large systems not only solves current problems but also helps organizations quickly adjust to
future needs.

5.4. Strategies for sustainable scaling practices

The quest for sustainable scaling methods needs smart strategies that can change with new
workloads and tech progress. Good scalability requires strong architecture and a good grasp of the tools
found in the big data world. For example, as shown in new studies, combining different open-source tools
into a unified system helps handle and analyze data well, especially in high-user situations like Facebook’s
setup [26]. Moreover, using machine learning methods, like naive Bayes and support vector machines for
studying sentiment, shows how user-generated content processing can be improved, as these techniques make
it quicker to respond to real-time data [13]. Sustainable scaling methods should also focus on reducing
resource use while boosting performance, by using cloud systems to ease on-site hardware limits. In
summary, the combination of careful tool choice, clever algorithm use, and cloud integration makes for a
well-rounded way to keep scalability in busy environments.

5.5. Anticipated regulatory impacts on technology stack

Future rules are likely to greatly impact the technology used by companies like Facebook,
particularly as they deal with big data and heavy workloads. Previous studies show that the merging of cloud
and HPC technologies creates an important balance between compliance and efficiency, requiring new ideas
in the base architecture [16]. Regulators might set strict data privacy rules that will affect storage solutions
and data management practices, pushing organizations to use stronger, clearer systems for handling user data.
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Additionally, the expected growth of data spaces, as discussed in new research, will need a change in
architecture to allow easy data sharing while following regulatory rules [37]. These modifications will need
not only changes in technical abilities but also a complete rethinking of system design to ensure quick
compliance while boosting operational performance in changing legal environments.

6. CONCLUSION

Facebook's system, which manages large workloads and significant data volumes, has encountered
various challenges and solutions that may inform future technological advancements. The shift from HBase
to MyRocks signifies a major transformation in data management focused on optimizing operations in a
rapidly evolving environment. Facebook's architectural update has unveiled challenges and innovative ideas
that have facilitated its growth. The implementation of a hybrid communication method that employs both
PULL and PUSH mechanisms for rapid messaging effectively engages users. The migration from HBase to
MyRocks for message storage underscores Facebook's dedication to performance as data volumes increase,
illustrating the importance of a robust technological framework to handle big data. These technical
advancements set a standard for future modifications in data-intensive environments, reflecting an ongoing
trend of change and adaptability. Future research in architectural scaling and technology should prioritize
innovative data storage solutions and enhanced communication protocols to meet the rising demands of
heavy workloads and big data. Companies like Facebook must keep pace with the swift increase in user
interactions and content creation, as illustrated by their transition from HBase to MyRocks for message
storage and the implementation of the Messenger Sync protocol to alleviate network congestion and improve
synchronous communication. Collaborative research and development among industry leaders can stimulate
innovation, leading to robust, efficient architectures capable of navigating uncertainties. The pursuit of
continuous innovation presents both challenges and opportunities, motivating technologists to devise
solutions that uphold system performance and enhance the user experience.
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