Database Normalization
What is Database Normalization?
Database normalization is the process of organizing data in a relational database to reduce redundancy (duplicate data) and improve data integrity. It involves dividing a database into two or more tables and defining relationships between the tables to ensure data is logically stored.
The main goals of normalization:
· Eliminate redundant data (storing the same data in more than one table)
· Ensure data dependencies make sense (data is stored logically)

Here's a more detailed and step-by-step practical example using a Sales Order System — this will help you understand 1NF, 2NF, and 3NF in a more real-life business case.

Scenario: Sales Order Example
Unnormalized Table (UNF)
	Order_ID
	Customer_Name
	Customer_City
	Product_1
	Product_2
	Product_3
	Total_Amount

	101
	Ali
	Addis Ababa
	TV
	Phone
	NULL
	1000

	102
	Hana
	Bahir Dar
	Laptop
	NULL
	NULL
	800



Step 1: First Normal Form (1NF)
Rule:
· No multi-valued columns.
· Each cell should contain a single value.
❌Issue:
· Multiple product columns (Product_1, Product_2, Product_3) → violates 1NF.

✅ Fix:
Break down the table so each row contains only one product per order.
	Order_ID
	Customer_Name
	Customer_City
	Product
	Total_Amount

	101
	Ali
	Addis Ababa
	TV
	1000

	101
	Ali
	Addis Ababa
	Phone
	1000

	102
	Hana
	Bahir Dar
	Laptop
	800



Step 2: Second Normal Form (2NF)
 Rule:
· Be in 1NF.
· Remove Partial Dependency → non-key attributes must depend on whole primary key, not part of it.

❌ Issue in Current Table:
· Customer_Name and Customer_City depend only on Order_ID, not on Order_ID + Product.
· Total_Amount depends only on Order_ID.
✅ Fix: Break into Two Tables
① Customer Orders Table
	Order_ID
	Customer_Name
	Customer_City
	Total_Amount

	101
	Ali
	Addis Ababa
	1000

	102
	Hana
	Bahir Dar
	800


② Order Details Table
	Order_ID
	Product

	101
	TV

	101
	Phone

	102
	Laptop



✅ Step 3: Third Normal Form (3NF)
 Rule:
· Be in 2NF.
· Remove Transitive Dependency → non-key attributes shouldn't depend on other non-key attributes.

❌ Problem:
· Customer_City depends on Customer_Name, not directly on Order_ID.
· Total_Amount depends on Order_ID, but the individual Product Price is missing.

✅ Fix: Split into More Tables
① Customer Table
	Customer_Name
	Customer_City

	Ali
	Addis Ababa

	Hana
	Bahir Dar



② Order Table
	Order_ID
	Customer_Name
	Total_Amount

	101
	Ali
	1000

	102
	Hana
	800



③ Order Details Table
	Order_ID
	Product

	101
	TV

	101
	Phone

	102
	Laptop



④ Product Table (Optional for 3NF completeness)
	Product
	Product_Price

	TV
	600

	Phone
	400

	Laptop
	800



Final Database Structure:
	Table Name
	Attributes
	Key

	Customer
	Customer_Name, Customer_City
	Customer_Name

	Order
	Order_ID, Customer_Name, Total_Amount
	Order_ID

	Order_Details
	Order_ID, Product
	Order_ID + Product

	Product
	Product, Product_Price
	Product





Scenario: Employee Payroll Data (Unnormalized)
	Employee_ID
	Employee_Name
	Department
	Department_Location
	Project_1
	Project_1_Hours
	Project_2
	Project_2_Hours
	Monthly_Salary

	1
	John Doe
	IT
	Addis Ababa
	Website
	30
	Database
	20
	5000

	2
	Sara Smith
	HR
	Adama
	Recruitment
	40
	NULL
	NULL
	4500



Step 1: First Normal Form (1NF)
📌 Problem:
· Multi-valued columns → Project_1, Project_2, Project_1_Hours, Project_2_Hours.
· Columns should be atomic (one value per field).

✅ Fix: Flatten into rows:
	Employee_ID
	Employee_Name
	Department
	Department_Location
	Project
	Hours_Worked
	Monthly_Salary

	1
	John Doe
	IT
	Addis Ababa
	Website
	30
	5000

	1
	John Doe
	IT
	Addis Ababa
	Database
	20
	5000

	2
	Sara Smith
	HR
	Adama
	Recruitment
	40
	4500


Now data is atomic → 1NF achieved.
Step 2: Second Normal Form (2NF)
📌 Problem:
· Non-key columns should depend on the whole primary key (Employee_ID + Project).
❌ Issues:
· Employee_Name, Department, Department_Location, Monthly_Salary depend only on Employee_ID, not the combination of Employee_ID + Project.

Fix: Break into related tables
① Employee Table
	Employee_ID
	Employee_Name
	Department
	Department_Location
	Monthly_Salary

	1
	John Doe
	IT
	Addis Ababa
	5000

	2
	Sara Smith
	HR
	Adama
	4500



② Project Assignment Table
	Employee_ID
	Project
	Hours_Worked

	1
	Website
	30

	1
	Database
	20

	2
	Recruitment
	40


No partial dependency → 2NF achieved.
Step 3: Third Normal Form (3NF)
📌 Problem:
· No transitive dependency (non-key column depends on another non-key column).
❌ Observations:
· Department_Location depends on Department (not directly on Employee_ID).
· Project_Hours already correctly linked, but we can optimize by breaking down department data further.
✅ Fix: Break further:
① Employee Table
	Employee_ID
	Employee_Name
	Department
	Monthly_Salary

	1
	John Doe
	IT
	5000

	2
	Sara Smith
	HR
	4500



② Department Table
	Department
	Department_Location

	IT
	Addis Ababa

	HR
	Adama



③ Project Assignment Table
	Employee_ID
	Project
	Hours_Worked

	1
	Website
	30

	1
	Database
	20

	2
	Recruitment
	40


Now:
· Employee → Department info is clean.
· Department → Department_Location is separate.
· Project assignment is normalized.

✅ 3NF achieved.
 Final Structure Summary
	Table
	Key
	What It Stores

	Employee
	Employee_ID
	Basic employee details (name, salary, dept)

	Department
	Department
	Department location

	Project Assignment
	Employee_ID + Project
	Which employee works on what, and hours

	(Optional) Project Table
	Project
	Additional project metadata (if needed)



