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ABSTRACT

SQL databases have a difficult time effectively managing enormous amounts of data in the big data age. In
order to improve the speed and scalability of SQL databases while managing large data workloads, this article
examines optimization strategies and recommended practices. The paper discusses the major problems that
conventional SQL databases face, such as difficulties with data integration, resource limitations, performance
bottlenecks, and scalability. Generally speaking, building data sets that need a horizontal arrangement involves
a substantial amount of human labour. We provide simple but effective techniques for creating SQL code that
returns a collection of numbers rather than a single number per row for aggregated columns that appear in a
horizontal tabulated arrangement. Inaccurate judgments and poor decision-making may result from just
gathering and analysing data without knowing its context. Collecting data that can be analysed to improve
company understanding and open up new avenues for innovation in goods and services based on customer
preferences is a key component of a successful corporation. Many databases using NoSQL packages have
entered the market, while other software solutions have evolved to assist Big Data analytics. They do not,
however, have an impartial benchmarking and comparison assessment. Understanding their settings and
comparing the properties of the four primary NoSQL data models that have developed are the goals of this
work. According to a performance comparison of NoSQL and conventional SQL-based databases for big data
analytics, NoSQL databases are a superior choice for business scenarios requiring distributed scalability of
enormous data, simplicity, flexibility, and high speed analytics. This study comes to the conclusion that
relational (SQL) databases and the NoSQL development should be used together for Big Data analytics.

Keywords: - Big Data Analytics, (SQL) Databases, NoSQL Data, SQL Code, Database Poses, Large Data,
Distributed Scalability, Workloads, Optimization Techniques, Software Solutions.

INTRODUCTION

It takes a lot of work to create a summary data set in a database with relational structure that can be fed into a statistical
or data mining program, particularly when the tables are normalized. A horizontally organized data collection with
several records and one parameter or dimension per columns is needed as input for the majority of algorithms. This is
true for models like as PCA, regression, classification, and clustering; see [1]. The terms used to characterize the data
set vary depending on the study area. Point-dimension is a frequent phrase used in data mining. Observation-variables
are often used in statistics literature [1, 2]. Instance-feature is used in machine learning research. In order to simplify
the development of SQL queries and expand the possibilities of SQL, this article presents a new class of aggregate
operators that may be used to construct data sets in a horizontal format (denormalized with aggregates) [2]. We
demonstrate that assessing horizontal aggregates is a difficult but fascinating subject, and we provide substitute
techniques and improvements for their effective assessment [2, 3].

Relational databases, the foundation of many corporate data management systems, house a sizable amount of data in
the big data era [3, 4]. The capacity to effectively query and use the growing amount of data has become essential to
improving competitiveness in many industries in this day and age. SQL is necessary for searching relational databases
(3, 4]

However, the specialist expertise required to write SQL makes it difficult for non-professional users to perform
database queries and access database. One well-known activity in the area of Natural Language Processing (NLP) is
text-to-SQL parsing [5, 4]. Its goal is to bridge the gap between database access and non-expert users by translating
natural language inquiries into SQL queries. Consider a table called cities that has three columns: nation (type: string),
populace (type: integer), and city name (type: string) to provide an example [5, 6].

The Text-to-SQL parsing approach ought to automatically produce the appropriate SQL query if we are given the
natural language question, "Find every municipality with population numbers greater than 1 million in the United
States of America," [2, 3]. "SELECT city name FROM cities WHERE population > 1000000 AND countries = ‘United
states" [4, 5].
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In this field, researchers have achieved significant strides. First, rule-based and template-based approaches were used
[5]. These methods required developing SQL templates for different situations. Although template-based approaches
had potential, they were quite labour-intensive. Since deep learning is developing so quickly [4, 5], Seq2Seq techniques
have become the standard way. By directly translating natural language input to SQL output, Seq2Seq models provide
a complete approach that does not need intermediary processes like semantic parsing or rule-based systems [4, 5].

Pre-Trained Language Modelling (PLMs), the forerunners of Large Language Models (LLMs), are among the Seq2Seq
techniques that show promise in text-to-SQL jobs [5]. PLMs were the state-of-the-art (SOTA) option at that time [5, 6],
thanks to the vast linguistic information found in large-scale corpora [4, 6]. Language models that have been trained
(PLMs) naturally grow into large language models (LLMs), demonstrating even more power, as model sizes and
training data increase [6]. LLMs have significantly advanced a variety of fields, such as chatbots, software engineering,
agents, etc., because of the scalability law and their emergent capacities [6, 7]. Research on the use of LLMs for text-to-
SQL jobs has increased because to their exceptional capabilities [7].

The two primary LLM methodologies of quick engineering and fine-tuning are the core topics of the current research
on LLM-based text-to-SQL [7, 8]. The capacity of LLMs to follow instructions is used by prompt engineering
techniques to establish well-planned processes. Furthermore, [6, 7], quick engineering approaches often use few-shot
learning and retrieval augmentation generation (RAG) to extract useful information and examples, and use reasoning
techniques like Chain-of-Thought (CoT) to further improve performance [7, 8]. A pre-trained LLM is trained on text-
to-SQL datasets as part of fine-tuning techniques, which adhere to the "pre-training and fine-tuning" learn paradigms of
PLMs [8, 9]. Prompt engineering techniques and fine-tuning techniques are subject to trade-offs [9, 10]. While fine-
tuning may improve performance but requires a bigger training dataset, rapid engineering often requires fewer records
but may provide less-than-ideal outcomes [10, 11].

Without requiring in-depth expertise in data, algorithms, Python or R programming, or data pre-processing, it allows
data scientists and analysts to create and implement machine learning models on large datasets using SQL queries [11,
12]. By enabling data analysts to develop, train, assess, and forecast using ML models using pre-existing SQL tools and
expertise, BigQuery ML democratizes the application of machine learning [12, 13]. Building functional, production-
grade machine learning models is a boon to data analysts who possess a solid understanding of SQL and domain data
[13]. Think of Big Query as a hybrid of machine learning and data warehousing. It offers the ability to build scalable
and reliable machine learning models inside a single Google Cloud Computing services. The service offers a number of
pre-built models for machine learning that can be applied to the data using simple SQL queries, including logistic
regression, clustering with k-means, linear regression, [13], and time-series forecasting. Using Tensor Flow or Keras,
users may also build bespoke models using Big Query ML and include them inside their SQL queries [13].
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Fig. 1 Optimizing SQL Database Workloads with Automatic Tuning on Azure. [12]

Organizations are flooded with enormous volumes of data in today's data-driven environment, which calls for reliable
and scalable database solutions. For many years, SQL databases have been a mainstay of data management due to its
organized query capabilities and dependability [11, 12]. However, scalability, speed, and resource management become
major issues for typical SQL databases as data quantities increase [13, 14]. An organization's capacity to get timely and
useful insights from its data may be hampered by these issues [13]. In order to make sure SQL databases continue to be
efficient and capable of scaling in a big data environment, this article explores these issues and offers tried-and-true
methods and best practices for improving them. This study attempts to provide useful insights for the database
administrators and IT managers entrusted with handling large-scale data workload [14] by investigating several
optimization methodologies [13, 14].
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Fig. 2 Moving SQL Server Relational Workloads to Azure. [14]

Performance constraints that develop as data quantities increase represent another significant obstacle [14, 15]. With
larger data sets, SQL database performance may deteriorate dramatically, resulting in longer processing times and
slower query response times.

An organization's capacity to get timely insights from its data may be hampered by this deterioration [15, 16].
Advanced indexing algorithms and partitioning techniques are crucial for mitigating these problems because they
improve query speed by lowering the quantity of data scanned and increasing the effectiveness of data management.
Utilizing optimized indexes, including bitmap and B-tree indexes, is crucial for speeding up query execution [14, 15].

Additionally, by breaking up big datasets into smaller, easier-to-manage chunks, range and hash partitioning might
greatly improve speed. Another major obstacle to improving SQL databases for large data workloads is resource
management [15, 16]. Maintaining database performance requires effective management of computing resources like
memory and CPU.

The capacity of SQL databases to manage extensive data processing may be significantly impacted by resource
limitations. To guarantee optimum performance, effective solutions are required, such as load balancing and dynamic
resource allocation [15, 16]. Advantages of dynamic resource allocation include which avoids bottlenecks by
modifying resources according to workload needs.

The importance of routine maintenance in maintaining peak performance, such as rebuilding indexes and updating data.
Another difficulty for SQL databases is integrating various data sources, particularly unstructured data [15, 16]. It may
be difficult and resource-intensive to include unstructured data from several sources into traditional SQL databases,
which are built for structured data [16].

Data Integration Challenges

For conventional SQL databases, integrating various data sources—especially unstructured data—presents a difficult
task. Unstructured data is more challenging to include into SQL databases as they are mainly designed to handle
structured data that is arranged according to pre-set schemas. Integration of data from several sources, such as text,
pictures, [16, 17], and sensor data, may be complicated and result in inefficiencies and longer processing times. To
overcome these integration issues, hybrid database management systems that include SQL and NoSQL capability are
becoming more and more essential. These technologies are capable of efficiently managing structured data while yet
providing the flexibility needed for unorganized information [16, 17].
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Fig. 3 Main challenges faced by SQL databases in handling big data workloads. [17]

A. Surrogate Keys: The fundamental building block of every contemporary database system, identifiers are the
foundation of all relational databases and provide data consistency via the use of primary and foreign keys for
schemas and object references. For effective data retrieval, storage, and comparison in a remote system,
identifier uniqueness is essential [17, 18]. The problem of extensively used unique IDs and dispersed data
storage, which date back to the early days of databases and backend computing [18]. They provide a novel
approach to object labelling that uses a synergy mechanism between Universally Unique Identifiers, or
GHUUID, and the well-known Geo hash technique [18]. Referential spatial systems may be converted into
country-specific geodatum or the Geodatum-enabled WGS84 to create such keys [17, 18].

B. ELT (Extract, Load and Transform) in Big Data: Data analytics may benefit greatly from an
understanding of the nature of data warehouse loading and data movement tool operation [18]. The process of
transferring data from the source systems into a warehouse of data is known as ETL (Extract, Load and
Transform it) [18]. The information is:

Extracted from the source system and moved to the staging area [18, 19].

Applied business calculations and reformatted for the storage facility (Transform) [18, 19],

Transferred to the storage space (Load) from the staging area [20].

Statistical methods, profiling, drilldown capabilities, cleansing, validation, in-database data mining, and many more
advanced SQL transformations are supported by big data engines nowadays [20]. The majority of transformations can
be carried out more effectively using this engine. As a result, a novel method that involves extracting data from
sources, loading it into staging tables, and then transforming it into the appropriate format has evolved [20, 21]. ELT
(Extract, Load, and Transform) is the name given to this methodology [11].

C. SQL on Hadoop: A great deal of effort has been put into assessing and comparing the tools that provide
SQL-like capabilities via Hadoop. SQL query execution over Hadoop data has acquired a lot of traction lately
as SQL is considered to be the de facto language for data analytics. SQL is used by a number of Hadoop-
based corporate data management applications [11, 15]. Use a workload similar to TPC-H to benchmark and
assess Hive and Impala's performance. A few columns are projected, an inequality predicate is used, the table
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is scanned, an aggregation is carried out, and the result is sorted [22, 23]. the setup and operation of Impala, a
cutting-edge MPP SQL query engine created especially to take advantage of Hadoop's scalability and
flexibility. In addition to maintaining Hadoop's flexibility and affordability [17], it shows that an analytical
DBMS can be developed on top of Hadoop that functions on par with or better than commercial operations
RDBMS systems [16].

State Of The Art In Sql Supporting Big Data Tools

A reference list of the main solutions found in the ecosystem of big data is provided in Figure 1. We have branched out
tools based on distributed computer programming, distributed file systems, SQL-like processing tools, and more in our
ecosystem study [17, 18]. Depending on the requirements of the use case, several tools may be used. The capacity of
major big data solutions to reproduce the present clinical trial repositories on a big data backend is evaluated in this
article. We focus on large data analytics frameworks that have high SQL-like functionality and portability [19, 20] and
that impose MPP (Massively In parallel Processing)-like executing engines on top of Hadoop, a [18, 19]. We assess the
following four SQL-like systems to provide both quantitative and qualitative comparison since it is essential to use a
SQL-like backend while porting the SDTM [20, 21]:

*  Apache Hive

*  Facebook Presto
*  Apache Drill

*  Apache Spark

Related Work: the Context of NoSQL Databases with Big Data Analytics

The volume of structured and unstructured data (Big Data) from a variety of data sources, including social media,
emails, written documents, GPS data, data from sensors, surveillance data, and more, is growing exponentially in the
current context, according to recent trends documented in the literature [22]. Thus, organized, semi-structured, and
unstructured information gathered from digital and non-digital sources may be characterized as Big Data [23].
Adopting appropriate data mining methods to effectively exploit this Big Data, which serves as the data source for
successful decision-making, is the primary difficulty [23]. Our literature review has led us to conclude that the
following broad business features are the cause of the current Big Data difficulties:

o High data Velocity — Data streams that are updated quickly and consistently from many sources and places.
e Data Variety — Data storage that is semi-structured, structured, and unstructured [25].

o Data Volume — Several datasets that are several terabytes or petabytes in size.

o Data Complexity — Information arranged across several sites or data centres [24, 25].

Big Data statistical analysis, which is the act of looking at big data sets with a range of data kinds, is crucial for
organizations. Businesses may utilize Big Data Analytics to more accurately analyse vast volumes of data and find
hidden patterns, unidentified relationships, market trends, client preferences, and other valuable business information
[25]. Big Data analytics depends on massive data volumes that need clusters for storage of information in order to
facilitate prompt and efficient decision making [25, 26] [26].

NOSQL Data Models

Although there are various NoSQL databases available, they always fit into one of the four data models that are
discussed below [26]. Although each category has unique characteristics, there are some similarities across the various
data models [26]. NoSQL databases are often designed to be horizontally scalable and dispersed. Key-Value Store
Database: This NoSQL database is simple yet effective and strong.

A "key-value" pair is created by storing the data in two separate parts: the actual data representing the value and a text
representing the key [26, 27]. In a manner akin to hash tables, this leads to values being indexed by keys for retrieval.
Stated differently, the store enables the user to request data based on the supplied key. Both organized and unstructured
data may be handled by it [27]. It provides quick lookups, high concurrency, and scalability, but it lacks consistency.

We conducted a high-level comparison of SQL (relational) and NoSQL (non-relational) database based on the

characteristics of each database type that have recently been documented in the literature. Table 1 summarizes our
results [27, 28].
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Table 1 Relational vs. NoSQL Databases: Key Distinctions. [28]

Relational data base

NoSQL

One product (marginal variations) of SQL

Key value, document, broad column, and graph

data types must be precisely defined.
e Every modification modifies the
whole database.

Data base Type DBS. stores are the four main categories.
e Predicated on explicit database | ¢ Dynamic database schema.
schemas with pre-established foreign- | ¢  Avoid imposing a schema definition
key associations between tables. beforehand.
Schema e Before adding data, the schema and | ¢ As needed, various data may be kept

together.
e Permits unrestricted schema change
without any downtime.

Data models

e Data records are kept in many tables
connected by relationships as rows
and columns.

e  Columns with well-defined data types
to hold a particular piece of
information.

e For instance, to determine an
employee's department, the SQL
engine combines two distinct columns
called "employees" and
"departments.|

e Accommodates unstructured, semi-
structured, and structured data types.

e Various products provide various and
adaptable data models. For instance, the
document store type uses embedded
document tools and references to arrange
all relevant data.

Scaling models

e Vertical Scaling.

e Data storage or I/O capacity are added
to already-existing resources, and data
is stored on a single node.

e Horizontal Scaling.

e  The contemporary method of dividing data
across more servers or cloud instances as
needed.

e To guarantee high data dependability
and data integrity, the transactional
qualities of ACID, such as

e Facilitates CAP and AID transactions A
NoSQL database's data consistency across

Oracle.

Trans??t.lons independence, consistency, atomicity, all nodes is supported by the distributed
capabilities o
and durability, are used. systems theorem.
e Atomic transactions. e  Atomicity is present in a single document.
e Reduce the level of performance.
e Structured Query Language: SQL | | Effectively query data.
Data Ic)ul\s/{lc;mztratne;l::t;ikgﬁhcuzstoiifsESrle: e  Object-oriented APIs, such db.customers,
manipulation . ’ are  used.search ({customer_name:1}
used to work with data. WHERE THE {customer age: {$gt: 18}1) -
CLIENT IS OVER 18. customer age: vogt: 2555)-
e Mongodb, Riak, Couchbase, Rethinkdb,
Software e SQL Server, DB2, MySQL, and Redis, Aecrospike, Leveldb, Hbase,

Cassandra, Neo4j, Elasticsearch, and
Lucene.

Comparison of NoSQL Data Models

The performance of NoSQL databases varies according on the data model. Table 2 summarizes the main characteristics
of the four different kinds of NoSQL data models. In order to compare the four data models supported by the widely
used NoSQL database software on the market, we took into account important factors including performance,
scalability, flexibility, complexity, and functionality, as shown in Table 2, [26]. Under any NoSQL data architecture
[16, 18], the CAP theorem—which is based on consistency, availability, and partition tolerance features—forms a

visual guide to NoSQL databases, as shown in Fig. 2. There are now other possibilities for storing various types of data
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thanks to NoSQL databases, where a normally dispersed group of servers must satisfy two of the three CAP theorem
conditions, which generally determines what technology may be utilized [19, 20].

Consistency

CA Category
Network problem might
stop the system.
Ex: RDBMS (Oracle, SQL Server, MySQL)

CP Category
There is a risk of some data
becoming unavailable.
Ex: MongoDB, Hbhase, Memcache
BigTable , Redis

Partition
Tolerance

Availability

AP Category

Clients may read inconsistent data
Ex: Cassandra, RIAK, CouchDB

Fig. 4 CAP theorem for NoSQL databases. [20]
RESULT

Couch Base generated the lowest latencies for interacting database applications, according to the benchmark testing.
Compared to Mongo DB and Cassandra, Couch Base can handle greater numbers of operations per second while
having a lower average latency while reading and writing data [20, 21]. The main factor causing quicker writing and
reading operations in Couch base databases is document level locking [20, 21]. Although Cassandra writes more
quickly than Mongo DB, their reading speeds are about comparable [22]. Additionally, each NoSQL database is
appropriate for a particular application environment and cannot be regarded as a comprehensive solution for all
workloads and use cases [22, 23].

An other case study examined how a dispersed healthcare organization used the NoSQL databases Couchbase, Riak,
and MongoDB [22, 25]. These databases use several NoSQL data models, such as document (MongoDB), column
(Cassandra), and key-value (Riak). For every one of the database operation (reading, writing, and updating), Cassandra
had the greatest overall performance. Because its internal thread pool created a pool for each client session rather than a
common pool for all client sessions, Riak's performance suffered [26]. Cassandra provided the greatest throughput
numbers, but she also had the longest average latencies. First, compared to Riak, Cassandra was able to effectively
retrieve the greatest amount of recent written data because to its indexing characteristics [27, 28]. Second, Cassandra
distributed the storage request to load faster than MongoDB thanks to hash-based sharing [29]. It is reasonable to
assume that both SQL databases as well as NoSQL databases will survive since Big Data has ultimately resulted in the
need for next generation data analytics tools [32]. Fast data processing is required in cloud settings that support SQL
databases [30, 31] in order to provide effective elasticity and Big Data analytics are used to that include historical and
present data as well as forecasts for the future [35]. In order to achieve extremely fast reaction times, new cloud
monitoring systems are being developed that leverage NoSQL databases as the back-end [34].

Table 2 Features of NoSQL databases matched to them. [33, 34]

Features Best NoSQL Data base
High availability Riak, Cassandra, Google Big Table, Couch DB
Partition Tolerance MongoDB, Cassandra', Google Big table, Couch DB,
Riak, Hbase
High Scalability Google Big table
Concurrency Control (MVCC) Riak, Dynamo, Couchg]iieCassandra, Google Big
Consistency MongoDB, Google Big Table, Redis, Hbase
Auto-Shading MongoDB
Write Frequently, Read Less MongoDB, Radis, Cassandra
Fault Tolerant (No Single Point Of Failure) Riak
Concurrency Control (Locks) MongoDB, Redis, Google Big Table
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CONCLUSION

In today's data-centric environment, obtaining and sustaining high performance and scalability requires optimizing SQL
databases for big data workloads. In addition to offering a full analysis of efficient optimization strategies and best
practices, this article has looked closely at the difficulties SQL databases have when handling large data volumes.
Employing techniques like caching, sharing, partitioning, and indexing may help businesses greatly improve database
speed and guarantee dependable and effective data processing.

For a number of years, relational or SQL databases have dominated the market. However, NoSQL databases provide
the solution to these problems, since business scenarios have lately required the storage and processing of huge
volumes for business analytics. Businesses may freely add fields to records using NoSQL's schema-less data stores and
transactions, which eliminate the systematic need to define the schema a priori, a major limitation of SQL databases.
NoSQL graphs perform well with data that has complicated connection patterns, while key-value stores make things
simple. This is in line with the rising requirement to handle massive data and unstructured transactions between
companies via channels like social networks.

The four NoSQL data formats and SQL vs NoSQL databases have been examined in this study within the framework
of Big Data analytics for business scenarios. We come to the conclusion that NoSQL's adaptable data modelling is ideal
for facilitating dynamic scalability and improved efficiency for Big Data analytics, and that it may be used to create
new types of data structures that coexist alongside conventional SQL databases.
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