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Abstract

This article is about the research of the evolving landscape of technologies,
which are the latest NoSQL and NewSQL databases. This article explores and
looks into the inherent limitations of the relational database especially their
struggle with scalability, flexibility and handling enormous amounts of data
or unstructured data. The need for alternative databases that can handle the
increasing amount and complexity of modern data is emphasized in this article
by conducting a comprehensive literature review and performance test
between NoSQL databases like Redis and MongoDB against relational
databases like MySQL. This article also provides insights into the NoSQL and
NewSQL database’s, capabilities and suitability.
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1 Introduction

Databases in the current modern world, across industries, the rapid
expansion of digital information has brought a fundamental necessity of how
an organization manages, derives and accesses the vast amount of data.
Traditional relational database struggles to keep up with scalability, flexibility
and diverse data types which are common in this current interconnected
modern world, that’s why we need to explore new database technologies like
NoSQL and NewSQL which handle the vast amount of data and diverse types
of data. The topicality of researching NoSQL and NewSQL database
technology is important because the traditional SQL database has some
problems that are harder to fix. The problems include organizing data in an
overly rigorous manner, struggling to handle disorganized or chaotic data and
finding it difficult to expand when there is a large amount of data. Therefore,
we require new database types that can handle these kinds of problems.
Writing an article on this NoSQL database provides me a opportunity to learn
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about how data is managed in new ways. NoSQL varies from other databases
as they don’t have strict rules in organizing data and also can expand easily.
Learning about NoSQL databases helps me out with practical problems in the
real world. NewSQL databases combine the best parts of NoSQL and
Traditional databases, which makes it really exciting to learn and write about
them. To sum up, by selecting this topic | will learn to understand how these
new databases can solve modern data problems and also how it's been used in
the real world practically.

2 Comparing NewSQL with NoSQL and SQL

NoSQL databases don't have a fixed schema for storing data which makes
it flexible in data structures and types. Whilst, NewSQL databases can be both
schema-fixed or schema-free which is why it is a mixture of traditional
databases and NoSQL databases. Both NoSQL and NewSQL databases are
horizontally scalable which means they can manage increasing loads by
adding more servers to the system. NoSQL databases don't follow ACID
principles instead they prioritise CAP theorem whereas, NewSQL databases
follow ACID rules in order to ensure that the data is reliable and accurate.
NoSQL databases don’t support complex online transactional processing
scenarios, while NewSQL completely supports online transactional
processing. Both NoSQL and NewSQL databases are distributed databases
which improves their performance and reliability. NoSQL databases have
fewer security concerns as they are built in a simpler model. In contrast,
NewSQL databases have moderate security concerns due to their mixture of
the complexity of SQL systems and the scalability of NoSQL. NoSQL
databases are suitable for applications where data schema can change and
evolve such as social networks, 10T and big data analytics. Use cases like e-
commerce, telecom, and gaming where high performance and transactional
integrity are essential are better suited for NewSQL.

When NewSQL databases are compared with SQL databases, the main
difference to be addressed first is that SQL databases scale vertically whilst
maintaining the ACID properties and NewSQL databases scale horizontally
whilst maintaining the ACID properties from SQL. NewSQL databases are
distributed databases but SQL databases are not distributed databases as they
work in a single database which may affect their performance and reliability.
SQL databases can handle simple queries but it would struggle with complex
queries. NewSQL databases are designed to be highly efficient with simple
and complex queries. To summarize the differences addressed, SQL databases
store data in an organized way and follow strict rules with ACID principles,
whereas NoSQL databases are flexible in storing data and don’t follow strict
rules. NewSQL databases try to take the best parts from both NoSQL and
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NewSQL, which is to store data in an organized manner and follow strict rules
while being flexible and able to handle lots of work efficiently.

3 Data modelling in NewSQL, NoSQL and SQL

Schema-less approach — A schema-less approach is often used in NoSQL
databases such as MongoDB etc. The schema-less approach will rule out the
need for the database to store data according to a predefined or determined
template. Due to this flexibility, any document or record can have a distinct
collection of fields. The schema-less approach will be perfect for managing a
wide range of data types and structures, especially because it would be helpful
for applications that would evolve without updating the database schema
frequently. For the schema-less approach, the use cases are content
management systems, real-time approaches and applications where the data
would change over time.

Schema-on-read approach — Rather than applying a schema at the moment
of data storage, the schema-on-read approach applies the schema dynamically
at the time of data querying. The schema-on-read approaches are often implied
by several NoSQL systems, especially in big data and analytics contexts such
as Hadoop’s HBase. This means these systems will allow the data to be stored
without a strict schema and give scalability. However, the schema will be
applied or inferred during the data reading or querying process. These
approaches would work well in data lakes and analytical applications where
the data has various structures and also originates from several resources.

Schema-on-write approach — Traditional relational databases and few
NewSQL databases use this schema-on-write approach. In this approach, the
data schema must be established before the data insertion into the respective
database. The schema-on-write approach enforces datatypes, relationships
and constraints upfront, which ensures data consistency and integrity. This
approach is suitable for applications where data accuracy and transaction
integrity are crucial. For this approach, The use cases are applications that
need high data integrity and complicated transactions, such as financial
systems and inventory management.

The schema-less and schema-on-read approaches, which offer flexibility
and scalability are particularly well-suited for applications handling massive
volumes of diverse data and are synonymous with NoSQL database structure.
The schema-on-write approach is particularly well-suited for NewSQL
databases that seek to combine the scalability of NoSQL systems with the
ACID properties and schema requirements of traditional SQL databases. So,
from the above analysis, we can conclude that The application's particular
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requirements, including the need for performance, scalability, flexibility, and
data integrity, will determine which of these approaches is the best.

4 CAP theorem in NoSQL

Having (Baramand kumar, 2020) When creating systems that share data
over a network, system designers are made aware of the use of the CAP
theorem. Numerous distributed data system designs have been affected by the
cap theorem which is also known as Brewer’s theorem. The cap stands for
consistency, availability and partition tolerance. With the CAP theorem, at
most, we can only have two out of three guarantees for a database in a
distributed system (like many NoSQL databases), which is a network that
stores data on multiple machines (nodes) at the same time. Consistency means
when clients connect to a distributed system they must see the same data, no
matter which node they enter into. To ultimately achieve this, whenever data
is written into a node it must immediately sent into or replicated into the rest
of the nodes before the write is considered successful. Availability means each
and every working node should respond to requests like read and write even
if some of the nodes are down. Partition tolerance means the system should
continue working even if some of the computers are unreachable or if there is
a network problem. Once a partition heals, distributed systems that ensure
partition tolerance can smoothly recover from partitions. According to the
CAP theorem, in a distributed system like many of the NoSQL databases, it is
not possible to attain all three aspects mentioned above at their maximum level
simultaneously. So we have to trade off based on our prior system and they
have been categorized into three types by the CAP theorem.

Consistent and partition tolerant database — A CP (Consistent and partition
tolerant) database ensures consistency and partition tolerance at the cost of the
availability. When there is a communication break between nodes, the non-
consistent node becomes unavailable until the partition is fixed.

Available and partition tolerant database — An AP (Available and partition
tolerant) database ensures the availability and the partition tolerance at the cost of
consistency. Even during a partition, all nodes will remain available but it might
cause some inconsistencies in the data. The AP database will later fix all the
inconsistency by resyncing all the nodes, once the partition is resolved.

Consistent and available database — A CA (Consistent and available)
database ensures availability and consistency at the cost of partition tolerance.
A single-node database often falls into this CA database category because they
don’t deal with partition tolerance. Partition tolerance is a must when it comes
to network-shared data or distributed systems like most of the NoSQL
databases. Based on the system’s requirement we have to choose between
consistency and availability which applies to any trade-off willing to make
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Figure 1. The graph plotted for average, minimum and maximum
response time of three databases.(using JMeter tool)

6 Acid properties in DBMS

A series of database operations like adding, updating, changing and
deleting data which when grouped is called as a transaction. Certain properties
are followed both before and after the transaction in order to preserve
consistency in the database, Which are called as ACID characteristics. The
acid properties contain a set of rules that make sure a database works correctly
and reliably. These ACID properties will ensure that the database will work
properly in a valid state even in the case of unforeseen errors when we perform
a transaction. So to conclude, ACID properties are the important rules that
help databases to run properly and maintain order. The acronym ACID stands
for atomicity, consistency, isolation and durability. A short explanation of
each property is as follows.

Atomicity — The atomicity is what guarantees, that a transaction is handled
as a solo and unbreakable unit of work. Either every transaction operation is
successfully completed or none of them are completed. Data consistency and
integrity are guaranteed as the entire transaction will go back to its initial state
if one among them fails.

Consistency — Consistency is what ensures that the database is in a
consistent and organized state. When a transaction is carried out, the database
should be consistent before and after the transaction. To guarantee the data
consistency constraints like foreign keys and unique keys should be
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maintained. for example, in the context of a unique key, we shouldn’t repeat
the same value when it comes to unique key columns.

Isolation — Isolation guarantees that when multiple transactions are carried
out simultaneously, they will not correlate or interfere with each other. Each
transaction is isolated from one another until it is completed. Phantom reads
unclean reads and non-repeatable reads are all avoided by this isolation.

Durability — Durability guarantees that when a transaction is executed and
when the changes are made in the database it will be permanent. It will also
withstand any further system failures. The modifications made during the
transaction are permanently stored in the database. In the event of a system
crash, the changes are still there and recoverable.

In conclusion, using ACID properties will slow down a system because it
needs extra work to make sure that the data is always correct and consistent.
ACID properties will become a problem in big distributed systems where lots
of transactions take place in parallel. Implementing ACID properties will
make a system more complicated and will require lots of knowledge and
resources. When there is huge data to manage it is hard to follow the ACID
rules, it is like trying to manage a huge event with strict rules. Even though
ACID properties follow strict rules, they make sure that data is more reliable
and accurate which is more crucial in many situations. Whilst, CAP theorem
in NOSQL databases can make trade-offs based on their system's requirement
as we have seen earlier. However, we cannot use the full potential of the CAP
theorem, at most we can only have two out of three guarantees from the CAP
theorem for a database in a distributed system like NoSQL databases.

7 Conclusions

NoSQL databases don't have a fixed schema for storing data which makes
it flexible in data structures and types. Whilst, NewSQL databases can be both
schema-fixed or schema-free which is why it is a mixture of traditional
databases and NoSQL databases. Both NoSQL and NewSQL databases are
horizontally scalable which means they can manage increasing loads by
adding more servers to the system. NoSQL databases don't follow ACID
principles instead they prioritise CAP theorem whereas, NewSQL databases
follow ACID rules in order to ensure that the data is reliable and accurate.
NoSQL databases don’t support complex online transactional processing
scenarios, while NewSQL completely supports online transactional
processing. Both NoSQL and NewSQL databases are distributed databases
which improves their performance and reliability. NoSQL databases have
fewer security concerns as they are built in a simpler model. In contrast,
NewSQL databases have moderate security concerns due to their mixture of
the complexity of SQL systems and the scalability of NoSQL. NoSQL
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databases are suitable for applications where data schema can change and
evolve such as social networks, 10T and big data analytics. Use cases like e-
commerce, telecom, and gaming where high performance and transactional
integrity are essential are better suited for NewSQL.

When NewSQL databases are compared with SQL databases, the main
difference to be addressed first is that SQL databases scale vertically whilst
maintaining the ACID properties and NewSQL databases scale horizontally
whilst maintaining the ACID properties from SQL. NewSQL databases are
distributed databases but SQL databases are not distributed databases as they
work in a single database which may affect their performance and reliability.
SQL databases can handle simple queries but it would struggle with complex
queries. NewSQL databases are designed to be highly efficient with simple
and complex queries. To summarize the differences addressed, SQL databases
store data in an organized way and follow strict rules with ACID principles,
whereas NoSQL databases are flexible in storing data and don’t follow strict
rules. NewSQL databases try to take the best parts from both NoSQL and
NewSQL, which is to store data in an organized manner and follow strict rules
while being flexible and able to handle lots of work efficiently.
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