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OVERVIEW OF APPROACHES TO SCALING RELATIONAL
DATABASES IN DEVELOPMENT AND ADAPTATION OF WEB
APPLICATIONS

In today's world, web applications are increasingly becoming main tool for
storing, processing, and providing large amounts of data to large numbers of users
[1-3]. When developing and adapting such applications, developers face important
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problem: how to ensure high performance and availability when load increases.
One of main elements influencing efficiency of such systems is databases [4-8].
Relational databases, despite their proven stability and reliability, may not be
scalable enough with large amount of information or large number of simultaneous
requests.

In connection with above, there is need to scale database to ensure stable
operation of system. Scaling relational databases involves use of various
approaches and technologies, such as: master/slave and master/master replication,
functional partitioning, horizontal data distribution (sharding), denormalization.
They allow you to improve performance, ensure high availability and fault
tolerance, even in case of heavy loads.

In modern web development, managing large volumes of data and high user
concurrency is essential for web applications, and databases are central to meeting
these demands. Relational databases, known for their stability and ACID-
compliant reliability (Atomicity, Consistency, Isolation, Durability), often face
challenges in scaling, especially as the volume of data or number of users grows.

In order to understand which method works best and when to use them, you
need to know their advantages and disadvantages and nuances of using each of
them.

First, let's look at replication method. Replication is process of creating and
maintaining copies of databases on different nodes in order to ensure high
availability, data preservation, and load balancing. This is basic approach to scaling
relational databases, replication itself has two schemes of operation: master/slave
and master/master.

The master/slave approach in replication is one of most common methods for
scaling relational databases. This method assumes that there is one primary
database server and several slave servers in system. The primary server performs
all operations of writing (adding, updating, deleting) data. This allows you to
ensure integrity of data, because all changes are stored on one server. Slave servers
receive copies of data from primary server and are responsible for executing read
requests, which reduces load on primary server. This is especially important for
large, high-volume web applications, where reading load balancing can
significantly improve system performance. After making changes on primary
server, data is automatically synchronized with slave servers.

Example is mobile application that millions of people use every day. Due to
high number of requests, main database will have heavy load, resulting in slower
server response time. While most users only read content (e.g., view posts and
comments), database handles both read and write requests. This approach allows
you to divide read operations into multiple servers, which will reduce time it takes
to load content and improve user experience.
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The advantage of this approach is that use of slave servers for read requests
reduces load on principal server — this allows it to use write operations more
efficiently. When applying this approach, it is easy to add new slave servers, which
allows you to scale system.

The disadvantages of this method are that downstream servers may have
some delay in displaying changes due to synchronization process and risk of data
loss if primary server goes down before downstream servers receive copies of data.

The next replication approach is master/master. This approach allows
simultaneous data to be written to multiple servers, where each server can perform
both write and read operations. This provides higher level of availability and load
balancing, especially in systems where large numbers of write operations need to
be performed, and there is need for stable availability to data.

Let's take as example web application used by people from around world:
they create, edit, and delete data. To ensure fastest response times in all regions,
database servers are located in different geographic locations. In this situation, it is
necessary that all changes are synchronized between all nodes in real time. A
master/presenter approach will help solve this problem: changes made by user on
one server will be automatically copied to all others, ensuring consistency of data
anywhere in world.

The advantages of this approach are that if one of database servers fails,
system continues to work without failure, because its role can be performed by
other replicas, requests can be distributed among several servers, which
significantly reduces load on individual nodes and improves performance,
especially in high-load applications.

The disadvantages are that because system can write to different servers at
same time, there is risk of data conflicts when different servers will try to update
same record at same time and synchronizing changes between servers can create
delays, especially in distributed systems with geographically dispersed servers.

Another approach to scaling databases is functional partitioning. This
approach to scaling databases involves dividing database into several parts, where
each part stores data for separate functional area or module of system. Each of
these parts can be placed on separate server, which allows you to distribute load
and increase performance of database. For example, there is web application where
users can chat and make purchases. If everything is placed on single database
server, any increase in load on one component will affect performance of entire
system. This monolithic database can be divided into three small ones: chat, user,
purchase — then each part of system will be able to scale independently of others,
taking into account individual needs and loads. This will improve overall
performance of system and provide greater stability: problems in one component
will not directly affect others.
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The advantages of this approach are that distribution of data by domain
reduces load on each individual server and increases performance, as well as
scalability: system is easier to scale by adding new servers for individual functional
parts.

The disadvantages are complexity of support, double data storage, and
difficulty of processing transactions.

Functional partitioning is suitable for systems that contain different types of
data or business functions, such as CRM systems or ERP systems.

Also, one of popular methods of scaling databases is horizontal distribution
of data. Usually, this method is used to process large amounts of same type of data,
such as social networks, which store information about millions of users. The
essence of this method is to divide one table into several parts, each of which is
stored on different servers, which significantly increases scalability of system. The
data is divided into multiple segments based on specific criterion, such as user ID,
where each segment stores all records for users in some ID range. One of
advantages of this approach is that each server handles only portion of data — this
reduces load on each of them and allows for significant increase in overall system
performance. Routing logic is used to determine which server stores necessary data.

The disadvantages of this approach are complexity of setup and maintenance.
This method requires careful planning, choosing right criterion for data
distribution, and creating efficient routing logic. Choosing wrong criterion for data
distribution can lead to uneven load between servers, which can become bottleneck
in system.

Another common method of scaling databases is denormalization. This is
approach in which data is duplicated to reduce need to run complex queries or join
tables, thereby increasing speed of query execution. Unlike normalization, which
minimizes redundant data and dependencies between tables, denormalization
allows you to store some of this redundant data to reduce number of queries or
joins between tables. This is especially useful for high-load web applications,
where speed of data access is critical. For example, you can add columns with
customer information to order table, even though this data is already stored in
customer table. This allows you to get order and customer information faster from
single table. The main disadvantage of such system is increase in amount of data.

Summing up all this, we can conclude that scaling relational databases is
important component of ensuring efficient operation of modern web applications
that process large amounts of data and require high availability. The scaling
approaches that have been considered offer different ways to optimize to achieve
goals. Each approach has its advantages and disadvantages. Depending on specific
needs of particular application, each of these methods can be effectively used,
allowing you to create flexible and productive system capable of working with
large amounts of data and scaling under heavy loads.
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