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Lecture Outlines

• Data and Information

• File-Based Systems vs Databases

• What is DBMS

• Why We Need Databases

• Types of Databases

• Database Life Cycle



Learning Outcomes

By the end of this lecture, students will be able to:

• Define and differentiate data, information, and metadata.

• Explain the importance of databases in modern information systems.

• Describe the role and functions of a DBMS.

• Identify types of databases and where they are used.

• Illustrate the stages of the database life cycle and key professional roles.



Course Materials (Theoretical)



Warm-Up Question

How do we store student grades at a university?

Papers → files → Excel → Databases



Watch & Note



Watch & Note

• Watch the video: “Database Tutorial for Beginners”.

• While watching, take notes on any important points.

• After the video, write down at least 5 keywords that you think are related to 

databases.

• Submit your notes and keywords on a paper.





What is a Data?



What is a Data?

Data refers to raw, unorganized facts and figures, such 

as numbers, text, images, or symbols, that can be 

processed and analyzed to extract meaningful 

information. 

• Data can exist in a raw form (unorganized) or 

processed form (organized and meaningful).



Unlocking the Power of Databases

Ever wondered what truly powers our digital world?

• Every social media post, bank transfer, or map search relies on a database.

• Databases are the core of data storage and management in almost all systems.

• Understanding them is essential for developers, IT professionals, and cybersecurity 

experts.



Why We Study Databases

• Databases power:

• Facebook – user profiles & posts

• Google Maps – locations & routes

• Banks – secure transactions

• Hospitals – patient histories

• E-commerce – products & orders

• Without databases, data would be lost, duplicated, or insecure. Databases are the 

heart of nearly every application today.



Data Storage as a Necessity

•Every invention starts with a problem.

•The problem: how to store and manage growing data safely.

Manual methods failed because of:

•Slow processes

•Errors

•No sharing or security



Life Before Databases

• People used paper files, registers, and cabinets to store information.

• This caused problems:

• Slow search → finding one record took a long time.

• Mistakes → human errors were common.

• Missing files → papers could get lost or damaged.

• Sharing info was difficult – you had to physically copy papers.

Databases solved these issues by making storage faster, safer, and easier.



Example: of a university keeping student records. Instead of messy papers everywhere, 

all student info is neatly stored in one place. 



File-Based Systems

•Data stored in .txt, .csv, or .xlsx files.

Easier than paper, but…

•Duplicate data

•No security

•Hard to connect files



File System Limitations

•Program–Data Dependence:

Changing the file structure requires modifying all related programs.

•Data Redundancy:

The same data is stored in multiple files, wasting space and causing duplication.

•Inconsistency:

Different files contain conflicting versions of the same data.

•Security Problems:

No proper access control — anyone with file access can view or edit all data.

•Concurrency Issues:

Multiple users updating the same file at once can corrupt or overwrite data.



Multiple Themes Problem

• One file stored many entities (Student, Department, Advisor).

• Caused data anomalies:

• Update anomaly

• Deletion anomaly

• Insertion anomaly



What is a Database?



What is a Database?

• A database is a digital repository for storing, managing and securing organized 

collections of data.

• This data is often stored electronically in a computer system called a database 

management system (DBMS). 

• Together, the data and the DBMS, along with the applications that are associated with 

them, are referred to as a database system, often shortened to just database.



What is a Database?

• Data within the most common types of databases in operation today is typically 

modeled in rows and columns in a series of tables to make processing and data 

querying efficient. 

• The data can then be easily accessed, managed, modified, updated, controlled, and 

organized. Most databases use structured query language (SQL) for writing and 

querying data.



What is a Database?

• Databases are similar to spreadsheets, but there are several key differences. In general, 

databases are much larger than spreadsheets and so can store more data, and they allow 

for multiple users to access data at the same time.



Why We Need Databases?

• Store large amounts of data safely.

• To save time – find information quickly. Easy to search and update.

• To avoid mistakes – no lost or duplicate data. Reduce duplication and errors.

• To share data – Multi-user access (many people at once).

• To analyze and make decisions – like knowing which product sells most.



The Power of Relationships

• Related data connects through keys

Keys are special fields that link tables together. A primary key uniquely identifies each 

record, and a foreign key connects related tables.

Example: Students  Courses  Enrollments

Each student can take many courses, and each course can have many students. The 

Enrollment table connects them, storing student IDs and course IDs together.



The Power of Relationships

• Prevents data duplication

Instead of repeating student or course information multiple times, data is stored once 

and referenced through relationships. This saves space and keeps data accurate.

• Relationships make databases organized, consistent, and smart,  they connect different 

pieces of data logically instead of repeating them.



Metadata (“Data About Data”)

• Metadata describes the structure and properties of stored data

It contains details like table names, column types, and constraints that define how 

data should look and behave.

• Stored inside the Database Catalog

Every DBMS has a “catalog” that stores all metadata automatically. The DBMS uses 

it to understand and manage the database structure.



Metadata (“Data About Data”)

• Used for validation and security

When you run a command, the DBMS checks the metadata to make sure you’re 

accessing valid data and that you have permission to do so.

Metadata acts like a map or dictionary of the database, it helps the system know what 

data exists, where it is, and who can use it.



What is a DBMS? 
• DBMS = Software that manages databases

It handles all the work of storing, organizing, securing, and accessing data efficiently.

 Main responsibilities:

• Storage & Retrieval: Keeps data organized for fast access.

• Security: Controls who can see or change data.

• Multi-User Access: Allows many users to use the database at once.

• Backup & Recovery: Protects data from loss or crashes. 

• Examples: MySQL, Oracle, PostgreSQL, SQL Server, MongoDB



According to industry rankings, the most 

popular databases of 2025 are:



CRUD Operations

Action Meaning Example

Create Add new data Insert a new student record

Read View or retrieve data Display all student names

Update Modify existing data Change GPA of a student

Delete Remove data Delete a student’s record

CRUD = the four basic actions you can perform on a database.



ACID Transactions

• A – Atomicity: All steps of a transaction succeed or none do (no partial updates).

• C – Consistency: Ensures data always follows defined rules (no invalid entries).

• I – Isolation: Each transaction runs independently, without interfering with others.

• D – Durability: Once a transaction is complete, changes remain even after system 

failure.

Example: In a bank transfer, both “send” and “receive” must happen or neither.



Integrity Constraints

• NOT NULL: A value must be entered in this column (no empty cells).

• UNIQUE: Prevents duplicate values in a column.

• CHECK: Ensures data meets a condition (e.g., age > 0).

• FOREIGN KEY: Connects tables, keeping related data consistent.

These rules keep the data accurate and meaningful.



Types of Databases

1. Relational Databases (SQL)

2. Non-Relational Databases (NoSQL)



Relational Databases (SQL) 

• Store data in tables (rows and columns).

• Tables are linked by relationships using primary and foreign keys.

• Use Structured Query Language (SQL) to manage data.

• Data follows a fixed schema (predefined structure).

 Examples: MySQL, Oracle, PostgreSQL.

Used for: banking systems, universities, ERP systems — where accuracy and 

relationships are important.



Non-Relational Databases (NoSQL)

•Store data in flexible formats like documents, key-value pairs, or JSON.

•No fixed schema which can easily store different kinds of data.

•Designed for scalability and speed rather than strict structure.

Examples: MongoDB, Firebase, Cassandra.

Used for: social media, real-time apps, or big data projects where data changes often.



Key Differences

Feature Relational (SQL) Non-Relational (NoSQL)

Structure Tables Documents / Key-Value / Graph

Schema Fixed Flexible

Relationships Supported Optional

Query Language SQL Varies (JSON, APIs)

Use Case Structured business data Unstructured, scalable data



The Database Life Cycle

•Client Idea:

The project begins with a client who needs a system (e.g., school management).

•Requirement Gathering (BA):

The Business Analyst collects and documents user needs.

•System Design (ERD):

The Database Designer creates diagrams and plans the data structure.

•Implementation (DBA):

The Database Administrator builds and configures the database.



The Database Life Cycle (Cont.)
•Application Development:

Programmers connect the app to the database (front-end + back-end).

•Testing & Deployment:

The system is tested, fixed, and released for real users.

•Maintenance:

Regular updates, security patches, and backups are done.



ERD (Entity Relationship Diagram)

• Entities: The main objects in your system (Student, Course, Department).

• Attributes: Properties that describe each entity (Name, ID, GPA).

• Relationships: Links between entities (e.g., a student enrolls in many courses).

 ERDs are the blueprint of your database before you build it.



Key Roles in Database Projects

Role Responsibility

Business Analyst (BA) Gathers system requirements from client.

Database Designer Creates ERD and plans database structure.

Database Administrator (DBA) Builds, secures, and maintains the database.

Developer Connects app to the database using code.

Data Analyst Extracts and interprets data for decision-making.

End User Uses the final application to perform daily tasks.



Real-World Example: Banking System

• Entities: Customer, Account, Transaction.

• DBMS Responsibilities:

• Ensures only authorized users can access data.

• Applies ACID properties for safe transactions.

• Maintains integrity between customer and account tables.

 If you withdraw money, the system updates multiple tables correctly and securely.
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