
SQL Project Development – Knowledge Base
Description: A practical guide to developing a real-world SQL database project from requirements and database
design through table creation, CRUD operations, joins, aggregation, testing, performance optimization, security, backup,
and maintenance.

1. SQL Project Development Flow

Stage What you do

1. Requirements Understand business needs, users, data and reports required.

2. Database Design Identify entities, tables, columns, keys and relationships.

3. Create Database Create database, tables, constraints, indexes and initial data.

4. Write SQL Use SELECT, INSERT, UPDATE, DELETE, joins, subqueries and functions.

5. Test & Validate Check data accuracy, constraints, edge cases and query results.

6. Optimize Review indexes, execution plans, joins and expensive queries.

7. Maintain Back up data, manage changes, security, procedures and new requirements.

2. Database Design
Before writing large SQL queries, design the database. Identify entities and their relationships. For example, an
Employee Management System may contain employees, departments, projects and employee_projects.

• Primary Key (PK): uniquely identifies a row.

• Foreign Key (FK): connects related tables.

• Normalization: reduces unnecessary duplication and update anomalies.

• One-to-one, one-to-many and many-to-many relationships.

• Constraints: NOT NULL, UNIQUE, PRIMARY KEY, FOREIGN KEY and CHECK.

3. Important SQL Categories
SQL commands can be grouped by their purpose.



• DDL – CREATE, ALTER, DROP, TRUNCATE

• DML – INSERT, UPDATE, DELETE

• DQL – SELECT

• DCL – GRANT, REVOKE

• TCL – COMMIT, ROLLBACK

4. Essential SQL Query Skills
A developer or tester should be comfortable writing and understanding common SQL queries.

• SELECT with WHERE, ORDER BY, DISTINCT, LIMIT/OFFSET

• Aggregate functions: COUNT, SUM, AVG, MIN, MAX

• GROUP BY and HAVING

• CASE expressions

• Subqueries and correlated queries

• UNION and UNION ALL

• Joins: INNER, LEFT, RIGHT and FULL where supported

5. GROUP BY vs HAVING
GROUP BY creates groups of rows so aggregate functions can be calculated for each group. HAVING filters those
grouped results. WHERE filters rows before grouping.

• WHERE → filters individual rows before GROUP BY.

• GROUP BY → forms groups.

• HAVING → filters groups after aggregation.

• Example: find departments having more than 2 employees.

6. Joins
Joins combine data from related tables.

• INNER JOIN → only matching rows.

• LEFT JOIN → all rows from the left table plus matching rows from the right.

• RIGHT JOIN → all rows from the right table plus matching rows from the left.

• FULL OUTER JOIN → all rows from both sides where supported.

• Always understand the join condition and relationship between keys.

7. Window Functions
Window functions calculate values across related rows without collapsing the result into one row per group.

• ROW_NUMBER() – assigns a unique sequence.

• RANK() – assigns ranking with gaps after ties.

• DENSE_RANK() – ranking without gaps.

• SUM()/AVG() OVER(...) – running or partitioned calculations.

• Useful for top-N, highest salary per department and analytical reports.

8. Database Testing
Database testing verifies that data is correctly stored, updated, related and retrieved.

• Verify table structure and constraints.



• Validate CRUD operations.

• Check primary/foreign-key relationships.

• Verify null, duplicate and boundary-value behavior.

• Compare UI/API data with database records.

• Validate joins, totals, counts and business calculations.

• Test transaction behavior where applicable.

9. SQL Performance & Optimization
Optimization improves query response time and reduces unnecessary database work.

• Select only required columns instead of SELECT * when practical.

• Use appropriate indexes.

• Check execution plans.

• Avoid unnecessary joins and repeated subqueries.

• Filter data efficiently.

• Keep statistics and database structures maintained according to the DBMS.

10. Security & Data Management
Production databases require controlled access and reliable data protection.

• Use least-privilege database accounts.

• Prefer parameterized queries from applications.

• Protect credentials and connection strings.

• Plan regular backups and test restore procedures.

• Audit sensitive operations when required.

• Avoid exposing sensitive database data in logs or error messages.

11. Sample Project – Employee Management System
The Employee Management System stores employee, department, project and salary information. It can support
employee registration, department assignment, project allocation, salary reporting and analytics.

• Tables: departments, employees, projects, employee_projects.

• Reports: employee count by department, average salary, highest salary, project assignments.

• Testing: CRUD, joins, constraints, aggregation and data consistency.

• Possible application integration: Java/JDBC, APIs or another application layer.

12. Sample SQL Queries
The following examples illustrate common project-development queries.

Create a table

CREATE TABLE employees (

emp_id INT PRIMARY KEY,

emp_name VARCHAR(100) NOT NULL,

department_id INT,

salary DECIMAL(10,2)

);

Insert data

INSERT INTO employees

(emp_id, emp_name, department_id, salary)

VALUES (1, 'Ramesh', 10, 50000);



Filter data

SELECT emp_name, salary

FROM employees

WHERE salary > 50000;

GROUP BY + HAVING

SELECT department_id, COUNT(*) AS employee_count

FROM employees

GROUP BY department_id

HAVING COUNT(*) > 2;

JOIN

SELECT e.emp_name, d.dept_name

FROM employees e

INNER JOIN departments d

ON e.department_id = d.dept_id;

DENSE_RANK

SELECT emp_name, department_id, salary,

DENSE_RANK() OVER (

PARTITION BY department_id

ORDER BY salary DESC

) AS salary_rank

FROM employees;

13. Tools Commonly Used

Tool Purpose

MySQL / PostgreSQL / SQL Server / Oracle Relational database systems

MySQL Workbench / DBeaver Database development and query execution

Git / GitHub Version control and collaboration

Java + JDBC Application-to-database connectivity

Maven Java dependency/build management

Jenkins / Azure Pipelines CI/CD automation

14. Recommended Learning Order
1. SQL basics: SELECT, WHERE, ORDER BY, INSERT, UPDATE, DELETE

2. Database design: tables, PK, FK, relationships and normalization

3. Joins and subqueries

4. GROUP BY, HAVING and aggregate functions

5. CASE, UNION/UNION ALL and window functions

6. Database testing and validation

7. Indexes and query optimization

8. JDBC and application integration

9. Build a complete real-world SQL project

10. Practice interview queries using project data

15. Key Takeaway
SQL project development is more than writing SELECT queries. A complete project involves understanding
requirements, designing a reliable relational model, creating tables and constraints, writing accurate queries, validating
data, optimizing performance, securing access, and maintaining the database. For a Java QA/automation career, SQL
plus JDBC is especially useful because it lets you validate application data directly from Java-based tests.



