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AdventureWorks Cycles, a leading bicycle manufacturer with an established reputation in the cycling industry, has been known for producing high end bicycles and accessories for decades. AdventureWorks Cycles offers a range of products, including customizable bikes to cycling accessories. To expand its customer reach, the company is looking to undertake a major modernization initiative by launching a new online marketplace. The new platform will enable customers to browse, customise and purchase products from AdventureWorks and various other brands.
To achieve this goal, AdventureWorks requires a reliable and efficient database solution that can manage high volumes of user activity and handle complex data requirements. This case study examines the database solutions required to bring AdventureWorks’ vision of a seamless, customer-friendly online marketplace while ensuring secure and efficient data management practices.
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[bookmark: _Toc204470896][bookmark: _Toc204472621]a. Entity Relationship Diagram (ERD)
The ERD represents the logical structure of the AdventureWorks Cycles database and shows how data entities interact within the system [1]. Below are the primary entities and their relationships based on the operations and data requirements of Adventure Works Cycles:
Manufacturer:
Attributes: ManufacturerID (PK), ManufacturerName, ContactInfo
· Relationship: One-to-Many with Product (one manufacturer can produce multiple products).

Product:
Attributes: ProductID (PK), ProductName, Description, Price, ManufacturerID (FK)
Relationships:
· Many to one with Manufacturer (Belongs to one manufacturer)
· Many to Many with Category (via a linking table).
· Many to Many with Order (via a linking table).
· One to Many with Feedback (feedback given on each product).
Category
Attributes: CategoryID (PK), CategoryName
Relationships:
Many to none via ProductCategory. Contains multiple Products 

ProductCategory:
Attributes: CategoryID (PK), CategoryName
Relationship: 
· Many to many with Product (each product can belong to multiple categories, and each category can contain multiple products).

Customer:
Attributes: CustomerID (PK), FirstName, LastName, Email, Phone, Address
Relationship: 
· One to many with Order allowing a customer to place multiple orders
· One to many with Feedback allowing customer to leave feedback on multiple products.

Order:
Attributes: OrderID (PK), OrderDate, CustomerID (FK), TotalAmount
Relationships:
· One to many with Customer.
· Many to many with Product an order can contain multiple products, and each product can be in multiple orders.

Feedback:
Attributes: FeedbackID (PK), ReviewText, Rating, CustomerID (FK), ProductID (FK)
Relationships:
· One-to-Many with Customer.
· One-to-Many with Product (feedback is linked to both customer and product).
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Manufacturer: ManufacturerID (PK), Name, Address, ContactEmail.
Product: ProductID (PK), ManufacturerID (FK), Name, Description, Price, StockQuantity.
Category: CategoryID (PK), CategoryName.
ProductCategory (for Many-to-Many relationship): ProductID (FK), CategoryID (FK).
Customer: CustomerID (PK), Name, Email, Phone, Address.
Order: OrderID (PK), CustomerID (FK), OrderDate, TotalAmount.
OrderProduct: OrderID (FK), ProductID (FK), Quantity.
Feedback: FeedbackID (PK), CustomerID (FK), ProductID (FK), Rating, Comments, FeedbackDate.
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The database schema has been designed in Third Normal Form (3NF) to eliminate data redundancy and ensure data integrity [2].
1NF – All attributes contain atomic values, and each row is unique [2].
2NF – All non-key attributes are fully functionally dependent on the whole primary key [2].
3NF – No transitive dependencies exist. Non-key attributes depend only on the primary key [2].

[bookmark: _Toc204470899][bookmark: _Toc204472624]Primary and Foreign Key Definitions
Primary Keys (PK): Defined for each table’s unique identifier.
Foreign Keys (FK): Establish relationships across tables to enforce referential integrity.
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The database was implemented using Microsoft SQL Server. Key features of the implementation include:
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Each table was created with appropriate data types, primary keys, and foreign key constraints to ensure referential integrity. All entities were normalized to Third Normal Form (3NF).
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Foreign keys were defined for all parent-child relationships, such as:
· ManufacturerID in Product referencing Manufacturer
· CustomerID in Order referencing Customer
· ProductID and OrderID in OrderDetails referencing Product and Order respectively
Check constraints were implemented to enforce business rules, including:
· Product Price must be greater than zero and within a logical range
· Review Ratings must be between 1 and 5
· Order quantity must be a positive number
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Sample data was inserted to simulate real-world business scenarios and validate constraints. Insert operations were tested for:
· Primary key uniqueness
· Foreign key referential integrity
· Check constraint enforcement
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Using ROLLBACK; the test user was deleted. 












References

[1] 	“What is an entity relationship diagram?,” IBM, 24 June 2024. [Online]. Available: https://www.ibm.com/think/topics/entity-relationship-diagram. [Accessed 24 July 2025].
[2] 	“Normal Forms in DBMS,” Geeks for Geeks, 23 July 2025. [Online]. Available: https://www.geeksforgeeks.org/dbms/normal-forms-in-dbms/. [Accessed 24 July 2025].





image5.png
© 31 152720 INSERT INTO Feedback (CustomeriD. ProductiD, Rating, Commerts) VALUES (1. 1. 6. Too figh rating) Eror Code: 3819, Check consirain chkratng"fs violated.




image6.png
INSERT INTO Feedback (CustomerID, ProductID, Rating, Comments) VALUES (1, 1, 6, 'Too high rating');
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INSERT INTO Customer (Name, Email, Phone, Address) VALUES (‘Eve’, 'andy@example.con’, '5555555555', 'Somewhere')




image8.png
© 3 002249 INSERTINTO Customer (Name. Email, Phone. Address) VALUES (Eve', ‘andy@example.com’, 5555555555, ‘Somewhere) ‘Error Code: 1062. Duplicate entry ‘andy@example.com'for key ‘customer Email”




image9.png
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

START TRANSACTION;

-~ Valid Customer
INSERT INTO Customer (Name, Email, Phone, Address)
VALUES ('Test User', 'testuser@example.com’, '1112223333', '500 Maple St');

-- Get last inserted customer ID
SET @CustomerID = LAST INSERT 10();

-~ Create Order
INSERT INTO CustomerOrder (CustomerID, TotalAmount)
VALUES (@CustomerID, 1000.20);

SET @0rderID = LAST_INSERT_ID();
-~ This product doesn’t exist

INSERT INTO OrderProduct (OrderID, ProductID, Quantity)
VALUES (@0rderID, 9999, 1);
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6 003059 SET @CustomerlD = LAST_INSERT_ID(

7 0031:06 INSERT INTO CustomerOrder (CustomerID, TotalAmount) VALUES (@CustomerlD, 1000.00)

8 003111 INSERT INTO OrderProduct (OrderlD, ProductiD, Guantty) VALUES (@OrderlD. 9999, 1)

Orow(s) affected
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CREATE DATABASE IF NOT EXISTS AdventuretiorksCycles;
USE AdventuretiorksCycles;

-~ Manufacturer Table

© © CREATE TABLE Manufacturer (

ManufacturerID INT AUTO_INCREMENT PRIMARY KEY,
Name VARCHAR(100) NOT NULL,

Address VARCHAR(150)

ContactEmail VARCHAR(160)

Product Table

© © CREATE TABLE Product (

ProductID INT AUTO_INCREMENT PRIMARY KEY,
ManufacturerId INT NOT NULL,

Name VARCHAR(10) NOT NULL,

Description TEXT,

Price DECIHAL(10,2) CHECK (Price > 0),
StockQuantity INT DEFAULT 0,

FOREIGN KEY (ManufacturerID) REFERENCES Manufacturer(ManufacturerID)

Category Table
CREATE TABLE Category (

CategoryID INT AUTO_INCREMENT PRIMARY KEY
CategoryName VARCHAR(100) NOT NULL

-~ ProductCategory Table
CREATE TABLE ProductCategory (
ProductID INT NOT NULL,
CategoryId INT NOT NULL,
PRIMARY KEY (ProductID, CategoryId),
FORETGN KEY (ProductID) REFERENCES Product(ProductI),
FORETGN KEY (CategoryID) REFERENCES Category(CategoryID)




image2.png
E
39

a
a2
a3

a5
5
a7
a8
a9

51
52
53

55
56
57
B
59

1
52
63

65
66
67
8
69
7
7
7
7
7
75
76

Customer Table

CREATE TABLE Customer (

)5

CustomerTD INT AUTO_INCREMENT PRIMARY KEY
Name VARCHAR(100) NOT NULL,

Email VARCHAR(108) NOT NULL UNTQUE,

Phone VARCHAR(15),

Address VARCHAR(150)

Order Table

CREATE TABLE CustomerOrder (

OrderTD INT AUTO_INCREMENT PRIMARY KEY,
CustomerID INT NOT NULL,

OrderDate DATETIME DEFAULT CURRENT_TIMESTAMP,
TotalAmount DECTHAL(16,2),

FORETGN KEY (CustomerID) REFERENCES Customer(CustomerID)

Orderproduct Table

CREATE TABLE OrderProduct (

OrderID INT NOT NULL,
ProductID INT NOT NULL,

Quantity INT CHECK (Quantity > 6),

PRIMARY KEY (OrderID, ProductID),

FORETGN KEY (OrderID) REFERENCES CustomerOrder (OrderID),
FORETGN KEY (ProductID) REFERENCES Product(ProductID)

Feedback Table

CREATE TABLE Feedback (

FeedbackID  INT AUTO_INCREMENT PRIMARY KEY,
CustomerId  INT NOT NULL,

ProductID  INT NOT NULL,

Rating INT CHECK (Rating BETWEEN 1 AND 5),
Comments  TEXT,

FeedbackDate TIMESTAMP DEFAULT CURRENT_TIMESTAMP,
FORETGN KEY (CustomerID) REFERENCES Customer(CustomerID),
FORETGN KEY (ProductID) REFERENCES Product(ProductID)
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- Insert sample Data
- Manufacturer

INSERT INTO Manufacturer (Name, Address, ContactEmail) VALUES

(*Field Cycles’, '123 Elm St, Bristol, BS1 140", *contact@fieldcycles.con'),
("Enigna Bikes', '456 Oak St, London, EL 73F', ‘infofenigma.con’),

(*Orange Mountian Bikes', ‘789 Pine St, Cardiff, CF10 1AF', 'support@orange.com’),
(‘Ripple Cycles’, ‘101 Birch Rd, Newcastle, NEL 1DE', *salesgripplecycles.con’);

- Category
INSERT INTO Category (CategoryName) VALUES
(*Road Bikes'),

(“Mountain Bikes'),

(Hybrid Bikes'),

(*Accessories’);

-~ Customer
INSERT INTO Customer (Name, Email, Phone, Address) VALUES

(*Abigail Smith', ‘abigailgexample.con’, 1234567890, ‘111 Main St, Llanelli’),
(“Hewis Johnson', “wewis@example.con’, '2345678901', '222 Lake St, Swansea'),
(*Adam Lee’, "adan@example.con’, ‘3456789012, ‘333 River Rd, Cardiff'),

(*Andy Martinez', ‘andy@example.con’, '4567896123', '444 Hill Ave, Newport'),
(*Char Pinto’, *char@example.con’, '234234324", 420 Blaze Lane, Long Beach');

- Product
INSERT INTO Product (Name, Description, Price, StockQuantity, ManufacturerID) VALUES
("Trek X', "Entry-level mountain bike', 899.99, 10, 2),

(Apollo’, 'Road bike for speed lovers', 1299.99, 15, 1),

(*Vengeance’, °Lightweight hybrid bike', 649.99, 12, 3),

(*Canyon Endurace’, "Endurance road bike', 1499.99, 8, 4);

-~ ProductCategory
INSERT INTO ProductCategory VALUES
(15 2), (2515 (35 3)s (3 1)5

-~ Orders
INSERT INTO CustomerOrder (CustomerID, TotalAmount) VALUES
(1, 899.99), (2, 1199.99), (3, 649.99), (4, 1099.99);
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-~ ProductCategory
INSERT INTO ProductCategory VALUES
(15 2), (2515 (35 3)s (3 1)5

-~ Orders
INSERT INTO CustomerOrder (CustomerID, TotalAmount) VALUES
(1, 899.99), (2, 1199.99), (3, 649.99), (4, 1099.99);

-~ OrderProduct
INSERT INTO OrderProduct VALUES
(15 1, 1)
(25 4 1)5
[EFENEVN
(45 2, 1)5

-~ Add rating constraint to ensure valid ratings between 1 and 5
ALTER TABLE Feedback
ADD CONSTRAINT chk_rating CHECK (Rating BETWEEN 1 AND 5);

- Feedback
INSERT INTO Feedback (CustomerID, ProductID, Rating, Comments) VALUES
@ 1, 5, "Excellent’), - 5 stars
(2 4, 4, "Very Good'), - 4 stars
Gy 3,3, Good'), - 3 stars
@5 2, 2, “Fair'), -~ 2 stars

(19, 2, 1, "Poor’); -1 star




