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Introduction to the AdventureWorks Cycles Case Study

AdventureWorks Cycles is a well-established bicycle manufacturer that has
been a key player in the cycling industry for many years. The company
specializes in producing and selling a diverse range of bicycles, including road,
mountain, and hybrid models, alongside a variety of cycling accessories such
as helmets and gear. Renowned for its dedication to quality and innovation,
AdventureWorks Cycles is embarking on a mission to enhance its operations
and customer experience.

To achieve this, the company is developing a state-of-the-art online
marketplace where customers can browse, customize, and purchase bicycles
and accessories from various manufacturers. This transformation requires a
reliable and scalable database system to efficiently manage essential business
operations such as product management, customer interactions, order
processing, and feedback collection.

The focus of this case study is to design, implement, and optimize the database
system to support AdventureWorks Cycles' operational and analytical needs.
Key objectives include:
- Defining relationships among entities like customers, products,
manufacturers, orders, and feedback.
- Supporting frequent queries for product browsing, order tracking, and
feedback analysis.
- Maintaining data consistency and reliability through robust transactional
operations.
- Improving query performance with well-designed secondary indexes for
critical operations.

By deploying this database solution, AdventureWorks Cycles aims to
streamline its processes, enhance customer satisfaction, and maintain a
competitive advantage in the market. This report provides a comprehensive
overview of the database design, implementation, and optimization strategies
undertaken to meet these goals.

Entity Relationship Diagram Summary

The Entity Relationship Diagram (ERD) for AdventureWorks Cycles outlines the
essential entities, their attributes, and the relationships that underpin the
company's business operations. It includes the Manufacturer entity, which
records details of product producers, and the Category entity, which organizes
products into groups such as road bikes and accessories. Product data is
stored in the Product entity, containing attributes like name, description, price,
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and a reference to the manufacturer. The many-to-many relationship between
products and categories is represented using the ProductCategory junction
table. Customer details, including names and email addresses, are managed in
the Customer entity, while purchase transactions are tracked in the Order
entity, which links orders to customers. Specific details of the products in each
order, such as quantities and subtotals, are captured in the OrderDetail entity.
Additionally, the Feedback entity stores customer reviews and ratings,
connecting customers and products. Relationships between entities are
maintained through primary and foreign keys, ensuring data integrity and
enabling efficient queries to support the company’s operational needs.The
cardinality between entities ensures accurate representation of relationships.
For example, one customer can place multiple orders, while each order is
linked to one customer, creating a one-to-many relationship. Similarly, the
many-to-many relationship between products and categories is modeled
through the junction table, allowing a product to belong to multiple categories
and a category to include multiple products (Fig. 1.).

Fig. 1. The Entity Relationship Diagram (ERD) for AdventureWorks Cycles

Database design

The database and tables for AdventureWorks Cycles were created to represent the
entities and their relationships as defined in the ERD. The SQL code includes
CREATE TABLE statements for each entity, specifying the attributes and data types
(Fig. 2.). Each table is designed to store specific data, such as customers, products,
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orders, and feedback. Primary keys were defined to uniquely identify records in each
table, ensuring data consistency and enabling relationships between entities.
Foreign key constraints were added to maintain referential integrity across the
database. These constraints link related tables, such as connecting CustomerID in
the Order table to the Customer table, or ManufacturerID in the Product table to the
Manufacturer table. Foreign keys ensure that referenced data exists in the parent
table, preventing orphan records and maintaining the logical consistency of the
database.
Check constraints were implemented to enforce data validity by restricting the range
or format of values allowed in certain columns. For example, the Price column in the
Product table includes a constraint to ensure prices are non-negative, and the Rating
column in the Feedback table enforces a range between 1 and 5. These constraints
improve data quality by preventing invalid entries and ensuring adherence to
business rules (Fig. 3. a. and b.) .
A trigger was created on the OrderDetail table to automatically calculate the
SubTotal whenever a new record is inserted or updated (Fig. 4.). This ensures that
the SubTotal is dynamically derived based on the product price and quantity,
maintaining consistency and reducing the risk of manual calculation errors.
The database was filled with sample data using Insert statements (Fig. 5.).

Fig.2. The creation of the database

Fig.3. a. Creation of the database tables and constraints
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Fig.3. b. Creation of the database tables and constraints

Fig. 4. Creating trigger for automatic calculation of Subtotal
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Fig. 5. Inserting data into the database

Transactions

The transactional scenario for AdventureWorks Cycles is designed to demonstrate
the use of commit and rollback operations in a database system. This scenario
involves multiple SQL statements to simulate a real-world operation where a
customer places an order, and the system records the order, its details, and the total
amount. The transaction ensures that all operations are completed successfully as a
single unit or entirely reverted if an error occurs, maintaining data integrity.
The process begins by inserting a new record into the Order table for a specific
customer. The OrderID generated from this insertion is used to associate multiple
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products in the OrderDetail table. Each order detail includes the product's quantity
and calculated subtotal based on the product price. Finally, the total amount for the
order is updated in the Order table by summing the subtotals from the OrderDetail
records.
The transaction is enclosed within a TRY...CATCH block to handle errors gracefully.
If all operations execute successfully, the transaction is committed, saving the
changes to the database. However, if any statement fails—such as inserting a
non-existent ProductID or violating constraints—the transaction is rolled back to
ensure no partial data is saved (Fig. 6. a. and b.).
The design of this transactional scenario aligns with the principles of atomicity,
ensuring that all steps succeed or none are applied. This prevents inconsistent or
incomplete data in the database. It also incorporates robust error handling, with
detailed error messages for debugging. The scenario reflects a real-world use case,
such as processing customer orders, where multiple interdependent operations must
be executed reliably. By incorporating both commit and rollback conditions, this
scenario demonstrates the database system's ability to handle complex transactions
while preserving data integrity and consistency.

Fig. 6. a. Transaction with commit scenario
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Fig. 6. b. Transaction with rollback scenario

Performance Tuning Enhancement

To enhance query performance for AdventureWorks Cycles, the most critical
transactions and frequently executed queries were identified, and appropriate
secondary indexes were proposed. These queries include retrieving products by
category, manufacturer, and price range, viewing customer orders and their details,
analyzing feedback for specific products, and generating reports on recent orders.
Secondary indexes were strategically added to optimize these queries (Fig. 7.). For
example, indexing the `Price` and `ManufacturerID` columns in the `Product` table
improves product browsing efficiency, while an index on `CategoryID` in the
`ProductCategory` table accelerates lookups for products by category. Similarly,
indexing `CustomerID` in the `Order` table enhances the performance of queries
fetching a customer’s order history, and indexing `OrderDate` supports efficient
range-based queries for reporting. The `OrderDetail` table benefits from an index on
`OrderID` to speed up retrieval of detailed information for specific orders. Lastly,
indexing `ProductID` in the `Feedback` table ensures fast analysis of customer
reviews for particular products. These indexes were chosen based on their ability to
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reduce query execution time, minimize resource usage, and improve overall
database responsiveness for common operations.

Fig. 7. Defining secondary indexes
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