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[bookmark: _Toc185856209]Abstract
This document will contain evidence of my planning and implementation of a back-end SQL database according to the guidelines of the scenario AdventureWorks Cycles. This project aims to create a relational database for this company, featuring the management and storage of products, orders and customer/employee data. Through the use of foreign keys I have demonstrated that tables share information whilst also being able to capture specific attributes such as bike type, employee name and date of order.
I have also further demonstrated my understanding through the use of queries later in the project, testing my database and the information within it. This project serves as a foundation system that can suit a starting bike business, ensuring an organized workflow and order system for both the employees and customers.
[bookmark: _Toc185856210]Planning
[bookmark: _Toc185856211]Entity Relationship Diagram
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Description automatically generated]
The entity relationship diagram shows the tables, attributes and relationships. Here you are able to view the types of relationships between entities. Some attributes like phone number have multiple ovals around it, this means that the attribute can have multiple values, for example, the same customer can have two or more emails that they use to order. On the orders table, the total attribute is surrounded by a dotted line. This means that it can be derived from other fields, in this case it would be the price of each item on the order added together. 
[bookmark: _Toc185856212]Table structures
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Description automatically generated]
Using the layout from the entity relationship diagram, I created tables that I will use for my database. Here I have included the attribute name, the data type that they will be in SQL, if the attribute is a key and any other additional information about that attribute.
[bookmark: _Toc185856213]Test Data
The test data are records which have been created to be input into the database so that I can test that the tables can hold data, and that the correct data has been input into the correct place within the database. These false records are also used to determine whether my queries and transactions work too.
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This is my test data for the manufactures table.
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Description automatically generated]
This is the test data for the bikes table.
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Description automatically generated]
This is my test data for the customer table
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This is the test data for the accessory table.
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Description automatically generated with medium confidence]
This is the test data for the order table
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Description automatically generated]
This is the test data for the item order table handling records for both bikes and accessories.

[bookmark: _Toc185856214]Implementation
In the implementation section of this project, I have used the planning layout I have designed to create the code for the database, this includes the table structures, test data, queries and transactions. 
[bookmark: _Toc185856215]Tables
These are the 6 tables I have in the database, these will serve as the foundation and where the data a will later input will be stored. 
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This is the manufacture table; it stores the information for the bike manufactures.
[image: A computer code with text

Description automatically generated]
This is the bikes table; it stores all the information for the bikes. I have the manufacture ID here as a foreign key so that the user can see which manufactures made the bike, and have check constraints on the price, making sure that it’s not negative, and that the bike is either set as true or false for the Boolean value.
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Description automatically generated]
This is the customer table; it stores the information for the customers. I have made the email address field unique, and have a check constraint on the gender, making sure it can only be set to Male, Female or Other. 
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Description automatically generated]
This is the accessory table. Similar to the bikes table, it holds information for the accessories for the bikes. Here I have a price check to make sure the price is at a value above zero, in order to not mess with the calculations that I test later. I also have a check on the Boolean value, just to make sure that it is either set to true or false.
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Description automatically generated]
This is the first order table “OrderTable”. This table handles all of the general order details, such as the bike, and customer id, and the date of order. I also have a date check to make sure the date of order input is either equal to or before today’s date.
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The last table, order items, handles the item in an order. The primary reason for having two tables is to avoid data redundancy and make sure all tables remain in 3nf. If I were to implement all of the information into one table, there would be attributes that don’t only depend on the primary key. 
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This is the transaction I have implemented to show what would happen if a price would change on a bike that didn’t exist or wasn’t available. At the top I change the bike id ‘2’ to false, then select a save point. I then update the price of bike id ‘2’ by adding £100. In the next line where I select all bikes under ‘2’, there should be none, so then the transaction was rolled back to the save point, as a bikes price shouldn’t be updated if there is no bike to price. Commit is commented out, as in a real scenario, if the price was to be updated, it could be if the bike was available. This statement could be improved with multiple if statements to avoid hard coding one outcome into the transaction.
[bookmark: _Toc185856217]Performance Tuning Enhancement 
In this section, I have made queries for information that I believe would be regularly searched for and executed within the database. This is to streamline data retrieval. There are five key queries which I believe will be the most beneficial to the data I have created.
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The first one, will select all bikes that are available, so that when searching the user won’t have to manually look through the available column to see which ones are and aren’t available. I have used an index for this as it filters the bikes table through the available column. The addition of an index will speed up this process when the table eventually grows larger and there are more records to sort through.
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The second one takes all orders made by a specific customer, so the user can see all of the orders done by one person. This number is customer 3 at the moment but can be swapped for any customer on the database. I have again implemented an index onto this query too as the query similarly filters the OrderTable by customer id so adding an index int the customer id attribute would speed up searches, especially if the user decided to add an ‘and’ function to search for multiple customers orders at the same time. 
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This query retrieves all bikes from a certain manufacturer, in this case it is manufacturer ‘4’ but can be changed upon the user’s request. Similarly to the previous query, I have also implemented an index because it searches from the accessory table to the manufacture id column, so an index would again speed up the search process as the database grows. 
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The fourth query searches for bikes priced between £200 and £400. These numbers can be changed to anything with the use of the between function, getting all records in between a specified higher and lower value. An index is also necessary in this because it searched for a column via a table, so to prevent a slower, full table scan, it narrows down the search to only the information it needs to complete the query. 
[image: ] 
The final query is a composite index as it sorts through two constraints, that being the manufacture Id and whether the accessory is available. Here another index would be required as it again searches through two columns so an index would be most effective here as there are multiple constraints. The constraints can also be changed to any manufacturer ID, and the availability to false. To avoid any data duplication or unnecessary complication, this database is under the assumption that the manufacturers listed produce both bike and accessories. There is no manufacturer who does only one or the other.
All of my queries listed use an index. This was because in this case they have all benefitted from one being implemented. However, there are queries this database could use that doesn’t necessarily benefit from an index. An example of such a query would simply be:
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This is because this query retrieves all the records from the bikes table regardless, so putting in an index wouldn’t do anything to streamline the query. The reason why I haven’t included a query like this is because it just shows the whole bike table. Another query that wouldn’t require an index would be:
[image: ] 
This is because the manufacture year will no doubt have many repeating values, because there are many different bikes made in the same year.so in cases where there is a lack of variation between the records, an index may not be helpful, especially since this database will have rotating stock since customers can place orders. If this were to act as an archive of bikes so the years were much more varied, it may benefit to have an index for this query, but in this case it isn’t needed.
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INSERT INTO Customer (first_name, last_name, address, gender, phone_number, email_address)

VALUES
(30hn’, ‘Doe’, '123 Elm St, Springfield’, ‘Male’, '@3751845281', 'john.doegemail.con’),
(‘2ane’, ‘smith’, ‘456 Oak Ave, Shelbyville’, 'Female’, '97869259315', 'jane.smith@email.com’),
('8ill’, "Jones’, ‘789 Maple Or, Capital City’, ‘Male’, '@4182618892°, 'bill.jones@email.com’),
(emily’, 'Clark’, ‘101 Pine Blvd, Star City’, 'Female’, '0126378291', 'emily.clark@email.com’),
(‘Robert’, ‘Taylor’, ‘202 Cedar Lane, Rivertown’, ‘Male’, '92515518453°, 'robert.taylorgesail.cos’)
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INSERT INTO Accessory (manufacture_id, price,

VALUES
a,
@,
G,
“,
G,

20.00,
30.00,
50.00,
16.00,
60.00,

‘Helmet', TRUE),
‘ater Bottle', TRUE),
‘Bike Lock', FALSE),
'Bicycle Bell’, TRUE),
‘Gloves', TRUE);

product, available)
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INSERT INTO OrderTable (customer_id, bike_id, order_date)
VALUES

(1, 2, '2024-12-01'),

(2, 3, '2024-12-05'),

(3, 1, '2024-12-07'),

(4, 4, '2024-12-10'),

(5, 5, '2024-12-12');
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INSERT INTO OrderItems (order_id, product_type, product_id, price, quantity)
VALUES
@, ‘Bike', 2, 200.60, 2),
(1, ‘Accessory’, 1, 20.00, 2),
(2, 'Bike', 3, 500.60, 3),
(2, ‘Accessory’, 2, 15.00, 1),
(3, 'Bike', 1, 360.60, 2),
(3, 'Accessory’, 3, 40.00, 4),
(4, 'Bike', 4, 150.60, 1),
(4, ‘Accessory’, 4, 18.00, 2),
(s, 'Bike', 5, 460.60, 1),
(5, 'Accessory’, 5, 50.00, 3);
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CREATE TABLE Manufacture (
manufacture_id INT AUTO_INCREMENT PRIMARY KEY,
manufacture_name VARCHAR(5),
contact_email VARCHAR(50),
contact_num VARCHAR(20)
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CREATE TABLE Bikes (

bike_id INT AUTO_INCREMENT PRIMARY KEY,

price DECIMAL(16, 2) CHECK (price > @),

type VARCHAR(30),

colour VARCHAR(15),

manufacture_year INT,

available BOOLEAN CHECK (available IN (TRUE, FALSE)),

manufacture_id INT,

FOREIGN KEY (manufacture_id) REFERENCES Manufacture(manufacture_id)
)
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CREATE TABLE Customer (
customer_id INT AUTO_INCREMENT PRIMARY KEY,
First_name VARCHAR(35),
last_name VARCHAR(48),
address VARCHAR(6@),
gender VARCHAR(2) CHECK (gender IN (‘M', *
phone_number VARCHAR(28),
email_address VARCHAR(56) UNIQUE

50,

)
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CREATE TABLE Accessory (
accessory_id INT AUTO_INCREMENT PRIMARY KEY,
manufacture_id INT,
price DECIMAL(10, 2) CHECK (price > @),
product VARCHAR(40),
available BOOLEAN CHECK (available IN (TRUE, FALSE)),
FOREIGN KEY (manufacture_id) REFERENCES Manufacture(manufacture_id)
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CREATE TABLE OrderTable (
order_id INT AUTO_INCREMENT PRIMARY KEY,
customer_id INT,
bike_id INT,
order_date DATE CHECK (order_date <= CURDATE()),
FOREIGN KEY (customer_id) REFERENCES Customer(customer_id),
FOREIGN KEY (bike_id) REFERENCES Bikes(bike_id)
)
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CREATE TABLE OrderItems (

)

order_item_id INT AUTO_INCREMENT PRIMARY KEY,
order_id INT,

product_type VARCHAR(100),

product_id INT,

price DECIMAL(1@, 2) CHECK (price > @),

quantity INT CHECK (quantity >= 1),

FOREIGN KEY (order_id) REFERENCES OrderTable(order_id)
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START TRANSACTION;
UPDATE Bikes

SET available = FALSE
WHERE bike_id = 2;
SAVEPOINT PriceChange;
UPDATE Bikeq|

SET price = price + 100

WHERE bike_id = 2;

SELECT available FROM Bikes WHERE bike_id =

ROLLBACK TO SAVEPOINT PriceChange;

SELECT * FROM Bikes WHERE bike_id

23

-- Not commniting as transation was rolled back
-~ COMMIT;
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SELECT * FROM Bikes WHERE available = TRUE;
CREATE INDEX idx_bikes_av_true ON Bikes(available);
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SELECT * FROM OrderTable WHERE customer_id = 3;
CREATE INDEX idx_customer_orders ON OrderTable(customer_id);
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SELECT * FROM Accessory WHERE manufacture_id = 4;
CREATE INDEX idx_acc_manuID ON Accessory(manufacture_id);
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SELECT * FROM Bikes WHERE price BETWEEN 200 AND 400,
CREATE INDEX idx_bikePri ON Bikes(price);
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SELECT * FROM Accessory WHERE manufacture_id = 2 AND available = TRUE;
CREATE INDEX idx_acc_manu_av ON Accessory(manufacture_id, available);
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SELECT * FROM Bike:
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SELECT * FROM Bikes ORDER BY
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image2.tmp
BikesTable Manufacture Table
Attribute Name __ DataType _Key _Additionalinformation Attribute Name __ DataType Key _Additionalinformation
Bike ID Int PK Unique identifyer of the table Manufacture D Int PK Unique Identifyer of the table
Price Decimal Manufacture Name VarChar
Type VarChar Contact Email VarChar
Colour VarChar ContactNum Int
Manufacture Year  Date
Available Boolean Customertable
Manufacture D Int FK___Foreign key from the Manufacture table Attribute Name __ DataType Key _Additionalinformation
Customer ID Int Pk Unique identifyer of the table
OrderTable FirstName VarChar
Attribute Name __ DataType _Key _Additionalinformation LastName VarChar
Order ID Int PK Unique identifyer of the table Address VarChar
Customer ID Int FK  Foreign key fromthe customer table Gender VarChar
Order Date Date Phone Number  Int
Total Int EmailAddress ___ VarChar
Accessory table
Attribute Name ___DataType _Key _Additionalinformation
AccessoryID Int Unique identifyer of the table
Manufacture D Int Primary key from the manufacture table
Price Decimal
Product VarChar
Avaible? Boolean
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INSERT INTO Manufacture (manufacture_name, contact_email, contact_num)
VALUES |
('Cyclevorks Inc.', 'contact@icycleworks.com', '@26384762538'),
('SpeedRider Ltd.', 'info@speedrider.com’, '026381639882'),
(“MountainBikes Co.’, 'support@mountainbikes.com’, '03528364894'),
('Velocity Bikes', ‘sales@velocitybikes.com’, '035278364991'),
('ProCycles’, 'contact@iprocycles.com’, '8335182956');
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INSERT INTO Bikes (price, type, colour, manufacture_year, available, manufacture_id)
VALUES

(299.99, 'Mountain Bike', 'Red’, 2023, TRUE, 1),

(499.99, 'Road Bike', 'Blue’, 2022, TRUE, 2),

(899.99, 'Hybrid Bike', 'Green', 2023, FALSE, 3),

(149.99, 'Kids Bike', 'Pink', 2024, TRUE, 4),

(399.99, 'City Bike', 'Yellow', 2023, TRUE, 5);




