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SQL Data Manipulation and Modification

Introduction

Structured Query Language (SQL) is at the heart of managing structured data in
relational databases. To manage this data, SQL data manipulation is, however, a vital skill to
have, not only for software developers, but also for data analysts, database administrators,
and people working in any other field that requires the integrity and consistency of databases.

SQL Data Manipulation Essentials

INSERT: This command is used to add new rows to a table. It’s used with the
VALUES clause, which specifies the values to be inserted into the table. The name of the
table to which the insertion operation is made should be given alongside the columns.

INSERT INTO table name (columnl, column2, column3) VALUES (valuel, value2, value3);

UPDATE: Used to modify existing rows in a table. It’s used with the ‘SET’ clause,
which specifies the columns to be updated and the values to be set. The “WHERE’ clause is
used to specify the rows to be updated. UPDATE table name SET columnl = valuel,
column2 = value2, ... WHERE condition;

DELETE: Used to drop existing rows from a table. It’s used with the WHERE
clause, which specifies the rows to be deleted. If the rows aren’t specified, all rows in the

table are deleted. DELETE FROM table name WHERE condition;

SELECT: The SELECT command is used to query/get data from a table. It’s used
with the FROM clause, which specifies the table to be queried. The WHERE clause is used to
specify the rows to be retrieved. SELECT columnl, column2, ... FROM table name

WHERE condition;



Current Trends in SQL Data Manipulation

Big Data Integration: The proliferation of big data has reshaped the data
management landscape. Traditional relational databases often need to be revised to handle the
big data that organizations are now dealing with. SQL, once primarily associated with
relational databases, has transcended these boundaries.
spark=SparkSession.builder.appName(“BigDatalntegration’).getOrCreate()data=spark.read.c
sv(“hdfs: dataset.csv”’,header=True, inferSchema=True)

data.createOrReplaceTempView(“bigdata table”)

result = spark.sql(“SELECT columnl, column2, COUNT(*) FROM bigdata_table GROUP

BY columnl, column2 ORDER BY COUNT(*) DESC”)

SQL is no longer confined to its historical domain but has found applications in big
data technologies such as Apache Hadoop and Apache Spark. These open-source frameworks
allow SQL to work seamlessly with vast datasets, providing familiar syntax and ease of use
for data professionals.

NoSQL Compatibility: The dichotomy between SQL and NoSQL databases is
blurring as newer databases bridge the gap between the two. While traditional SQL databases
excel in structured data management, NoSQL databases offer flexibility in handling
unstructured or semi-structured data (Oana, 2023).

CREATE TABLE structured (id INT PRIMARY KEY, name VARCHAR(255), age INT,);

INSERT INTO structured (id, name, age) VALUES (1, ‘John’, 30),c(2, ‘Alice’, 25),

-- NoSQL Operation: Storing unstructured data: INSERT INTO unstructured (document)
VALUES (‘{*“name”: “Bob”, “details”: “NoSQL data here}’), (‘{“name”: “Eve”, “details”:

“More NoSQL data}’),



-- Query structured data using SQL: SELECT id, name, age FROM structured WHERE age >

25;

SELECT s.id, s.name, s.age, u.document FROM structured s JOIN unstructured u ON s.id =

u.id;

This convergence allows organizations to enjoy the best of both worlds. They can
store structured data using SQL and manage unstructured data using NoSQL features within a

single database system.

SQL in the Cloud: The adoption of cloud computing has brought about a
fundamental shift in how databases are managed. Cloud databases offer SQL as a service,
providing a seamless experience for users. This model simplifies database administration,
reducing the overhead of maintaining on-premises database systems. Here is a sample
cloud-sql connection:

-- Create a new table in the cloud-based SQL database: CREATE TABLE
your table name (columnl datatype, column2 datatype, column3 datatype,); INSERT INTO
table name (columnl, column2, column3) VALUES (valuel, value2, value3),(value4,

value$, value6),

The cloud’s scalability and flexibility enable organizations to adapt to varying
workloads and evolving data needs efficiently. SQL databases in the cloud empower data
professionals to focus on their core tasks, as cloud service providers manage most
administrative responsibilities.

Real-time Processing: In today’s fast-paced business environment, making instant,
data-driven decisions are critical. SQL’s role in real-time processing extends beyond querying

databases. Streaming SQL queries are employed to process data in motion, enabling



organizations to gain real-time insights into events as they happen (Richman, 2023). For
example, streaming SQL queries can monitor network traffic, analyse sensor data from loT
devices, or assess stock market fluctuations in real time and more as shown in the

real-time-image below. This trend empowers organizations to make rapid decisions based on

fresh data, enhancing their agility and competitiveness.
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Data Integration and ETL: Extract, Transform, and Load (ETL) processes are
fundamental to data integration. They involve collecting, formatting, and loading data from
disparate sources into a target system. SQL plays a pivotal role in these processes, making it a
vital tool for data integration.
-- Transform: Apply transformations to the source data: UPPER(source columnl) AS
target columnl, CONCAT(‘Prefix_’, source column2) AS target column2,
DATE FORMAT(source column3, ‘yyyy-MM-dd’) AS target column3 FROM source table

WHERE source column4 = ‘some_condition’;

With SQL, data professionals can extract data from various sources, apply complex
transformations to ensure data quality and consistency, and load the processed data into
databases or warehouses. SQL’s versatility and expressiveness make it an essential asset for
data integration projects, enabling organizations to merge data from various sources to create
a unified and comprehensive view of their information.

Challenges in SQL Data Manipulation



Security and Compliance: As technology evolves, data breaches and cyber threats
become more sophisticated and prevalent, and securing SQL databases is paramount.
Ensuring the confidentiality, integrity, and continued availability of data is a substantial
challenge. Organizations must implement robust security measures to protect sensitive
information stored in SQL databases (Mohan & Mohan, 2023). These security measures
involve authentication and authorization, encrypting data at rest and transit, preventing SQL
injection attacks, and also auditing and logging.

Complex Data Types: Traditional SQL databases are well-suited for structured data
with predefined schemas (Oana, 2023). However, modern data sources often generate
unstructured or semi-structured data, such as JSON documents, XML files, and geospatial
data.

Real-time Processing: In the era of real-time data, ensuring that SQL queries perform
optimally in dynamic environments, such as the Internet of Things (IoT), is a challenge that is
actively being addressed. Real-time processing demands rapid data ingestion, immediate
processing, and quick response times (Richman, 2023).

Performance Tuning: SQL performance tuning is a perennial challenge, especially as
datasets grow in size and complexity. Even well-structured and efficient SQL queries can
suffer performance degradation when dealing with large datasets. Some of the best practices
for performance tuning are shown in the image below. To address this challenge, data
professionals must continuously fine-tune their SQL queries, database schemas, and indexing

strategies.

Performance Tuning Tips in SQL



Performance tuning image

-- INDEXING: CREATE INDEX index name ON table name (columnl, column2, ...);

-- PARTITIONING: CREATE TABLE table name (columnl datatype, column2 datatype, ...)
PARTITION BY RANGE (column_name) (PARTITION partition namel VALUES LESS

THAN (valuel), PARTITION partition_name2 VALUES LESS THAN (value2),);

One common approach to improving performance is to optimize SQL query plans.
Data professionals leverage indexing, caching mechanisms, and database partitioning to
minimize query execution times.

Concurrency Control: Managing concurrent access to the database is a significant
challenge in SQL data manipulation. In multi-user environments where multiple transactions
are being executed simultaneously, ensuring the consistency and integrity of the database
becomes crucial. Dealing with scenarios like deadlocks and designing effective strategies for

concurrent transactions are ongoing challenges in SQL database management.

Conclusion

SQL data manipulation, a linchpin in the data management landscape, continues to
evolve and adapt to the demands of modern data-driven organizations. Its integration with big
data, NoSQL, and real-time processing demonstrates SQL's resilience and adaptability.
Understanding the essentials, keeping up with trends, and addressing challenges are the
pathways to mastering SQL data manipulation and staying at the forefront of data

management in the 21st century.
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