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1. Introduction
AdventureWorks Cycles is a bicycle manufacturer in the heart of Swansea. It has become a well-established name within the cycling community within the city and has been operating for decades. They currently produce and sell a wide range of bicycles and accessories that cover all sectors of the cycling industry.
The time has come to modernise their approach to operation and so have decided to establish a presence online by creating an “advanced online marketplace” to expand customer reach.
The aim of the online marketplace is to allow their customer base, comprised of cycling enthusiasts of all levels, to “explore, purchase, and even customize bicycles and accessories from renowned manufacturers from across the globe.”
For their proposed solution to be effective, it will require a robust, efficient and optimized data infrastructure to support it. This report will outline this database solution.
This report will outline the design and development of the underlying database solution that will support AdventureWorks Cycles’ needs of an online marketplace.
Key objectives:
1. Analysis of business processes and requirements: Understanding the needs of the business, the entities and business processes.
2. Database Design: Design a database solution by including an Entity Relationship Diagram that conforms to Third Normal Form (3NF).
3. Database Development: The creation of a database that will ensure integrity and consistency across all data and tables, allowing for transactions to take place in a controlled and efficient manner by ensuring the database performance is tuned as necessary.








2. Analysis
A meeting with the business has provided an overview of what the business processes entail. 
Process Entities
	Entity
	Description
	Example

	Product
	Saleable items. Created by one Manufacturer. Classified by many Categories.
	Bicycle pump

	Manufacturer
	Product producers. Can produce many products.
	Mann & Co. Racing

	Category
	Classifies products by type. A category can have many products.
	Hybrid bikes
Electric bikes

	Customer
	Individuals/organizations that purchase products. A customer can have many orders.
	Mr. John Smith

	Order
	A customer’s purchase transaction. Placed by one customer. Can contain many products.
	1 mountain bike, 1 helmet.




Business Processes
	Process
	Description

	Manufacturer Registration
	Manufacturers register themselves, providing details of themselves and their products.

	Product Listing
	Manufacturers upload details of their products for sale.

	Customer Registration
	Customer account creation, providing personal details necessary for purchasing goods.

	Product Purchase
	Customers browse, select and buy products.

	Order Processing
	Calculates totals, orders and notifies manufacturers of sales.

	Feedback & Reviews
	Customers can provide feedback and reviews of purchases and experience.










3. Design
A crucial part of database design is designing the tables that will hold the data and will be present within the database. A visual representation before any code is written is a useful guide and design to follow. 
This visual representation is often referred to as an Entity Relationship Diagram (ERD). It will show the tables, the attributes of the tables (what data will be held within them) and the relationships between the tables. It can also show a logical flow of how data moves between and interacts with different tables.
Having a clear guide to follow, developers can discern the requirements beforehand, allowing for a more elegant solution that is not ever-changing during the actual development of the database. [1]
Below are two different ERDs that have been designed for AdventureWorks Cycles’ database solution. The first, titled “Entity Relationship Diagram” shows the tables, along with the relationship between them. 

















3.1. Entity Relationship Diagram (ERD)
[image: ]
Here the tables have been normalised into 3rd Normal Form (3NF), discussed later in this report.












3.2. Entity Process Diagram
[image: ]
This second ERD, or “Entity Process Diagram”, shows the tables within the database and the processes via which they interact.












4. Creation of the database
Below are screenshots of the development of the database using MySQL Workbench. The full code can be found in the .zip file uploaded alongside this report.

Creation of CYCLEWORKS Schema
[image: ]

Creation of Manufacturer table
[image: ]





Insertion of dummy data into Manufacturer table
[image: ]
Testing integrity restraints on Manufacturer table
[image: ]
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Creation of the Customer table
[image: ]

Insertion of dummy data into the Customer table
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Testing integrity restraints on Customer table
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Creation of Category table
[image: ]

Insertion of dummy data into Category table
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Testing integrity restraints on Category table
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Amending/adding integrity constraints after testing failed
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Creation of the Product table
[image: ]
Insertion of dummy data into Product table
[image: ]
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Testing integrity restraints on Product table
[image: ]
Amending/adding integrity constraints after testing failed
[image: ]

Creation of Order table
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Insertion of dummy data into Order table
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Testing integrity restraints on Order table
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Amending/adding integrity constraints after testing failed
[image: ]










Creation of Review table
[image: ]

Insertion of dummy data into Review table
[image: ]
Testing integrity restraints on Review table
[image: ]



5. Performance Tuning Enhancements
“Performance tuning” is taking design and development steps to ensure a database performs as efficiently as it can. It has many benefits:
· Improved query response times
· Scalability enhancement
· Effective resource usage
· Optimised backups
· Increased user satisfaction & productivity
· Less costs, maintenance and downtime [5]

5.1. Indexes
Indexes are used to enhance the speed of operations of a database system. Creating indexes on columns significantly improves performance of queries that is querying those columns. Indexes are automatically created on Primary Keys however new Secondary Indexes can be created on other columns. They do require slightly more storage but the trade-off between speed and storage is often worth it. [4]
[image: ]
The index idx_product_title has been created on the Title column in the Product table as customers and staff will often search for the title of a product. 
The index idx_product_available that has been created on the Available column in the Product table as filters will often be applied on this column to show only available products on the website.
The index idx_product_price that has been created on the Price column in the Product table as filters will often be applied on this column to show products above/below a certain price.
The composite index idx_product_price_available that has been created on the Price and Available column in the Product table as filters will often be applied on these columns together to show only available products above/below a certain price.
The index idx_category that has been created on the Category column in the Category table as filters will often be applied on this column to show products of a certain category, and many webpages will contain a certain category.


5.2. Third Normal Form (3NF)
The tables have been normalised into 3rd Normal Form (3NF), where they have been broken down as far as they can go to reduce duplication, remove partial dependencies (so dependencies only depend on the primary keys within tables) and achieve data integrity. It lends itself to creating a well-organised and efficiently running database and for scalability if any tables need to be added. [2] [3]












6. COMMIT/ROLLBACK Operations
Commit and Rollback statements are used to commit the changes made during a transaction to the database, or discard (rollback) the changes made. They are very important operations to a transactional database like this one as users perform many operations at once. Data such as inventory is being changed by many people at once, and without these operations issue such as overselling can occur. It ensures data integrity and consistency. [6]

6.1. COMMIT
[image: ]
Here is an example of a customer ordering two helmets. During the transaction, the Product table is updated to decrease the Available stock of the helmet by 2, and an INSERT statement inputs the data into the Orders table.
The COMMIT command at the end then commits the data to the database and the database is changed.
The data integrity rules applied to the columns within the table will ensure that the Available column will never go below 0 and no invalid data can be entered into the Orders table, so if an error were to occur a ROLLBACK would inherently be performed by the system. This is why no ROLLBACK statement is present here. However, as there is no implicit ROLLBACK statement, a meaningful error message will not be given to the user. A meaningful error message will be given in the example following this.

Result of COMMIT example:
[image: ]

6.2. ROLLBACK
[image: ]
Here is an example where a user wants to buy 6 of the same e-bike for their employees. AdventureWorks Cycles only has 5, so will be unable to fulfil the order. 
As seen in the COMMIT example above, while the table constraints will prevent erroneous data from being allowed into the tables, here is an example of where ROLLBACK command can be used to check integrity rules and disallow committing to data while providing a meaningful error message.
A procedure was created so an IF statement could be included. The IF statement checks whether number of bikes ordered is available, but it is not (there is only 5 and not 6). Therefore, AdventureWorks Cycles is unable to fulfil the order, and will also attempt to enter invalid data if allowed to continue (though the column constraints will disallow this). 
From here, as there is not enough inventory, a ROLLBACK is performed, which ensures any changes of data within the system are rolled back, and an error message “Insufficient stock available.” is output to the user. 

Result of ROLLBACK operation:
[image: ]
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Jesssssess Testing Integrity constraints on Manufacturer table *esssssss/
-~ Attempt to insert 2 row with & NULL valve for Neme (NOT MULL) column

INSERT INTO Manutacturer (Name, Address_1, City, Postcode, Country, Telephone, Email)

VALUES (MULL, "15 Cycle Lane’, ‘Newport', 'NP28 1AR', United Kingdon', '€1633234567°, 'newporteyclesgexample.con’);
- Error Code: 1045, Column "Mame’ cannot be null

-~ Attempt to insert 2 row with & NULL valve for Address_1 (WOT NULL) column
INSERT INTO Manufacturer (Name, Address_1, City, Postcode, Country, Telephone, Email)

VALUES (“Welsh Wheels Co.’, MILL, ‘Swanses’, 'SAL 184", ‘United Kingdos', ‘B175224567°, “welshueelsgexanple.con’);
-~ Error Code: 1048 Column "Address_1' cannot be null

-~ Attempt to insert 2 row with & NULL valve for the Telephone column (which 1s NOT NULL)

INSTRT INTO Manufacturer (Name, Address_1, City, Postcode, Country, Telephone, Enail)

VALUES ('Pesk Performance Bikes', ‘25 Gear Street’, 'Bristol’, '8S1 SLN', ‘United Kingdom', NLL, "peskbikesgexample.con’);
-~ Error Code: 1048 Column 'Telephone’ cannot be null

-~ Attempt to Insert 2 row with 2 NULL value for the Email column (which is NOT NULL and UNIQUE)

INSERT INTO Manufacturer (Name, Address_1, City, Postcode, Country, Telephone, Email)

VALUES ("Trail Masters Lta", '8 Pedal Avenue’, ‘Manchester’, 'M2 3AD', "United Kingdom', '@1612234567°, MILL);
- Error Code: 1048 Column "Enall’ camnot be null

-+ Attespt to insert s duplicste email (A UNIQUE constraint is placed upon the Email column)
INSERT INTO Manufacturer (Name, Address_1, City, Postcode, Country, Telephone, Email)

VALUES (*Gear Up Ltd", "12 Chain Road', ‘Leeds’, °LS2 D', "United Kingdon', '@1132234567°, 'Infofcycletech.co.uk’);
Error Code: 1062. Duplicate entry "Infoicycletech.co.uk’ for key ‘manufacturer.Email®
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-- Attespt to insert  row missing 2 NOT MULL column entirely (Postcode column)
INSTRT INTO Manufacturer (Name, Address_1, City, Country, Telephone, Enall)

VALUES ("Highlands Cycling Supplies’, 'S8 Spoke Street’, "Glasgow’, ‘United Kingdom',
-~ Error Code: 1364. Fleld "Postcode’ doesn’t have a Gefault value

-+ Attespt to insert s row missing multiple NOT MULL columns entirely (Name and Telephone colums)
INSERT INTO Manufacturer (Address_1, City, Postcode, Country, Email)

VALUES (38 Trail Lane’, ‘Cardiff’, 'CF18 1FL°, “United Kingdom', contactftrailgear.co.uk’);

-~ Error Code: 1364. Field "Neme' doesn't have & default value

-+ Attespt to insert s duplicste row thet matches an existing one exactly

1412224567°, “highlandcyclesgexanple.con’

2rpERERRIIYIY

INSERT INTO Manufacturer (Name, Address_1, Address_2, Address 3, Ares, City, County, Postcode, Country, Telephone, Emsil)
VALUES (*CycleTech Ltd’, "12 Gear Lane’, "Unit &', MULL, "Central’, ‘London’, ‘Greater London’, 'ECIA 188°, ‘United Kingdom', '82€71234367°, *infoficycletech.co.uk’);
-- Error Code: 1862. Duplicate entry 'Infofcycletech.co.uk’ for key 'manufacturer. Emall’
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ESEGEEEEEssesnnes

- Create Customer table
CREATE TABLE Customer (

)

Customer_TD INT PRIMARY KEY AUTO_INCREMENT,

First_Name VARCHAR(52) NOT MULL,

‘Surname VARCHAR(G2) NOT NULL,

Address_1 VARCHAR(255) NOT MULL,

Address_2 VARCHAR(255),

Address_3 VARGHAR(255),

Ares VARCHAR(122),

City VARCHAR(162) NoT ML,

County VARCHAR(122),

Postcode VARCHAR(12) NOT MULL,

Telephone VARCHAR(12),

Emall VARCHAR(122) NOT NULL,
UNTQUE (Emall)




image9.png
ue == Populate Customer with 18 rows of sample data
111 @ INSERT INTO Customer (First Name, Surname, Address i, Address_2, Address 3, Ares, City, County, Postcode, Telephone, Email)
m vaLes

m (‘oylan’, “Jones’, 15 Seaview Rosd’, MULL, MULL, “Penarth’, ‘Cardiff’, “South Glasorgan’, ‘CF64 JEB', '82920211234", “dylan. Jonesgexsmple.con’),
1 (“Carys’, "Evans’, 22 Market Street’, 'Flat 28°, MULL, "City Centre’, "Swansea’, ‘West Glanorgan’, 'SAL 107", '@1792234567°, "carys.evansgexanple.con’),

s CRhys’, “Williams', '8 Bryn Terrace’, MILL, MILL, ‘Dowlais’, “Merthyr Tyofil', 'Mid Glasorgan®, ‘CFa7 SAX', "S1685211234", ‘rhys.willisnsgexanple.con’),

15 (Lowri’, "Davies’, "18 Beechuood Close’, MILL, MILL, ‘Cyncoed", "Cardi#f’, 'Scuth Glamorgan', 'CF23 6IN', '€2920451234", "lowrl.daviesgexample.con’),

w (“Toan’, “Morgan®, '3 River View', ‘Uit 5', MALL, ‘Taibach’, "Port Talbot’, “Mest Glamorgan', 'SALJ 10R', '@1639211234°, *ican.norgangexsnple.con’),

18 (‘Ffion’, “Thomss', 12 Willow Drive’, MILL, MILL, ‘Thornhill', ‘Cardi#', South Glamorgen’, ‘CF14 SW', "82920871234", "#fion. thosasgexample.con’),

1s (Aled’, "Mughes’, 78 Station Road’, NULL, MULL, "Morristen’, ‘Swansea’, ‘Mest Glamorgan', 'SAG SNT', "@1792781234", “aled.hughesgexsmple.con’),

12 (CElert’, “Griffiths’, "45 Church Lane’, “The Old Vicarage’, MILL, ‘Tredegar’, ‘Blasnay Geent’, ‘Geent’, 'NP22 JBG', '@1435231234°, “eleri.griffithsgexanple.con’),
m (‘Gareth’, ‘Rees’, 'S Oakucod Crescent’, MLL, MULL, "Roath’, "Cardiff’, 'South Glamorgan', 'CF24 JR', '€2928761234", "gareth.reesgexanple.con’),

m (S1an’, "Lleyd", "34 MIgh Street’, MILL, MILL, ‘Llanelll’, 'Carmarthenshire’, ‘Dyfed’, 'SAIS 1AU', @1554781234", 'sian.lloydfexample.con’);





image10.png
27 <o Attempt to Insert & row with & NULL velue for First Neme (NOT NULL) column
128 @ INSERT INTO Customer (First Mame, Surname, Address 1, City, Postcode, Email)

123 VALUES (WULL, “Teylor®, 1 Church Street’, 'Cardié#', 'CF18 144", "lisa.taylorfexsmple.con');
1 -~ Error Code: 1045, Column "First Name' cannot be null

m1

m2 -+ Attespt to insert s row with a MULL velue for Surname NOT MULL column

133 @ INSERT INTO Customer (First Mame, Surname, Address 1, City, Postcode, Emall)

1 VALUES ("Morgen’, NULL, "2 MIgh Street’, "Cardi#$’, 'CF18 148', "morgen. Johnsongexanple. con');
15 -~ Error Coce: 1048, Column "Surname’ cannot be null

16

17 -~ Attempt to Insert 2 row with & NULL valve for the Email (T NULL) column

138 @ INSERT INTO Customer (First Mame, Surname, Address 1, City, Postcode, Emall)

158 VALUES (“Emma’, ‘Thomss®, '3 Queen’s Road', ‘Swanses’, “SAL LAA', ML)}

18 - Error Code: 1048 Column "Enall’ camot be null

181

12 -+ Attespt to insert s duplicste email (test UNIQUE constraint)

143 @ INSERT INTO Customer (First Mame, Surname, Address 1, City, Postcode, Emall)

188 VALUES (“Tonos®, "Evans’, "4 King’s Lane’, 'Cardié#', "CF1@ 1AC", “dylan. Jonesgexsnple.con');
185 -~ Error Code: 1062. Duplicate entry "dylan. Jonesgexsmple.con’ for key "customer.Email®

136

127 -+ Attespt to insert s row missing & NOT UL colum (Postcode column) entirely

148 @ INSERT INTO Customer (First Name, Surname, Address 1, City, Emsil)

185 VALUES (‘W' “Jenkins’, 'S Princess Street’, ‘Newport', ‘huw. Jenkinsgexssple.con’);

150 -- Error Code: 1364. Fleld 'Postcode’ doesn’t have a default value




image11.png
-+ Attempt to insert & row missing multiple NOT NULL columns entirely (First Neme and Surname)
INSTRT INTO Customer (Address_1, City, Postcode, Enail)

VALUES ('6 Castle Avenve’, 'Swansea’, 'SAL 288", ‘missing.datagexample.con’);

- Error Code: 1364. Fleld "First Name' doesn't have & default valve

-~ Attempt to insert 2 row where Telephone s NULL (which 1s valld) but Emell duplicates an existing one
INSERT INTO Customer (First Name, Surname, Address_i, City, Postcods, Telephone, Enail)

VALUES ("Sara’, "Lloyd’, '7 Oakwood Road’, ‘Llanelll’, 'SAIS 243°, MULL, 'sian.lloydfexample.con’);

-+ Error Code: 1062. Duplicate entry "sisn.lloydgexample.con’ for key "customer.Emsil’

-+ Attespt to insert s duplicste row thet matches an existing one exactly
INSERT INTO Customer (First Neme, Surname, Address_1, Address 2, Address_3, Ares, Clty, County, Postcode, Telephone, Enatl)

VALUES ("Dylan’, "Jones’, 15 Seaview Road’, ML, MULL, "Penarth’, 'Cardl#+', South Glasorgan', 'CF64 JEB', '82920211234", “dylan. Jonesgexanple. con’);

-+ Error Code: 1062. Duplicate entry "dylan. Jonesgexsmple.con’ for key "customer.Email®
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178
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176
77
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-- Create Category table
® ©) CREATE TBLE Category (
Category_ID INT PRIMARY KEY AUTO_INCREMENT,
Category VARCHAR(50) NOT NULL,
UNIQUE (Category)
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-- Populate Category with 10 rows of sample data

INSERT INTO Category (Category)
VALUES

("Mountain Bikes'),

("Road Bikes'),

(ybrid sikes'),
(‘Electric Bikes'),
("Cycling Helmets'),

("Bike Accessories’),
(‘Clothing’),

(‘cycling shoes’),

('Bike Maintenance Tools'),
(*Bike Components’);
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218
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Attempt to insert a row with a NULL value for the NOT MULL column (Category)
INSERT INTO Category (Category)

VALUES (NULL)3

-- Error Code: 1048. Column 'Category' cannot be null

-- Attempt to insert a duplicate category (violates the UNIQUE constraint on Category)
INSERT INTO Category (Category)

VALUES ('Mountain Bikes');

-- Error Code: 1062. Duplicate entry ‘Mountain Bikes' for key 'category.Category’

-- attempt to insert a category that already exists, which violates the UNIQUE constraint
INSERT INTO Category (Category)

VALUES ('Cycling Shoes’);

-- Error Code: 1852. Duplicate entry 'Cycling shoes' for key 'category.Category’

-- Attempt to insert a category with a value that exceeds the maximum length for the Category column (60 characters)

INSERT INTO Category (Category)

VALUES ("I think this category name is well over 6@ characters in length but I will add even more characters just to be sure.
-- Error code: 1496. Data too long for column 'Category’ at row 1

This surely is.");
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217
218
219
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223
224
225

-- Attempt to insert a row with an empty string for the Category column

INSERT INTO Category (Category)

VALUES (*');

-- This worked fine. I need to change this so empty strings cannot be entered. I will leave any string of any length to be entered
-- s I do not know what testing may be done by the developers in future, or what categories may be used.

ALTER TABLE Category
40D CONSTRAINT check_empty_string CHECK (Category !
-~ Now getting: Error Code: 3819. Check constraint ‘check_empty_string’ is violated.





image16.png
-- Create Product table
CREATE TABLE Product (
Product_ID INT AUTO_INCREMENT PRIMARY KEY,
Title VARCHAR(10) NOT NULL,
Available INT(5) NOT NULL DEFAULT @, -- Number of items available

238 Price DECIMAL(3,2) NOT NULL,

239 Manufacturer_Ip INT,

28 FOREIGN KEY (Manufacturer_ID) REFERENCES Manufacturer(Manufacturer_i0),
241 Category_I0 InT,

242 FOREIGN KEY (Category_ID) REFERENCES Category(Category_ID)




image17.png
245 -~ Populate Product with 2@ rows of sample data
246 ®  INSERT INTO Product (Title, Available, Price, Manufacturer_ID, Category_ID)
247 VALUES

228 -~ vountain eikes
223 ('Trail Xtreme 500', 25, §99.99, 1, 1),
250 (‘summit Pro 7ee°, 10, 1249.59, 2, 1),
251

252 -- Road Bikes

253 ('Roadster Elite 300', 15, 1399.¢0, 3, 2),
254 (*velocity Sprint X', 39, 899.99, 4, 2),
255

256 -~ Hybrid eikes

257 ("urban Glide 200°, 20, 649.09, 5, 3),
258 (“Eco Commuter 1087, 35, 499.99, 6, 3),
259

250 -~ electric gikes

261 ("E-Power Trek 350, 8, 1999.08, 7, 4),
262 (‘GreenRide E-Bike', 5, 1549.50, 8, 4),
263

268 -- Cycling relmets

265 ("Aeroshield Helmet’, se, 79.99, 1, 5),
266 ('TrailGuard HTB Helmet', 48, 99.50, 2, 5),
267

268 - eike Accessories

269 ('LED Bike Light set’, 169, 34.99, 3, 6),

270 (waterproof saddle sag’, 75, 19.99, 4, 6),
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282
283

285
236

-- gike Clothing
(Performance Cycling Jersey’, 60, 59.99, S, 7),
('Thermal Bike Gloves', Se, 24.99, &, 7),

-- cycling shoes
(*Clipless Road Shoes’, 25, 129.99, 7, 8),
(W78 Trail shoss’, 20, 114.59, &, 8),

-- Bike Maintenance Tools
(*Compact Multi-Tool’, 200, 24.99, 1, 9),
(‘Portable sike Pusp’, 159, 29.50, 2, 9),

-- Bike Components
("Carbon Fiber Handlebar’, 12, 249.99, 3, 16),
(11-Speed Cassette’, 39, 79.99, 4, 10);
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INSERT INTO Product (Title, Available, Price, Manufacturer_ID, Category ID)
VALUES (WL, 1, Se.¢e, 1, 1);
-~ Error Code: 1048 Column 'Title' camot be null

-+ Attespt to insert s product with & ML Price
INSERT INTO Product (Title, Available, Price, Manutacturer_ID, Category_ID)
VALUES (“Test Bike’, 18, ML, 2, 2);

-~ Error Code: 1048 Column "Price’ camot be null

-+ Attespt to insert s product with s Manufacturer_ID that doesn’t exist
INSERT INTO Product (Title, Available, Price, Manutacturer_ID, Category_ID)

VALUES (“Unknown Brand Bike', 19, 799.9, 28, 1);

-+ Error Code: 1452. Cannot add or update & Child row: s forelgn key constraint fails ("cycleworks . product’, CONSTRAINT “product_ibfk 1" FOREIGH KEY

-+ Attespt to insert s product with s Category_ID that dossn’t exist
INSERT INTO Product (Title, Available, Price, Manufacturer_ID, Category_T0)

VALUES ("Non-Existent Category Bike’, 15, 999.59, 1, 15);

-+ Error Code: 1452. Cannot add or update & Child row: s forelgn key constraint fails ("cycleworks . product’, CONSTRAINT “product_ibfk 2" FOREIGH KEY
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-- Attempt to insert a product with & negative Available valve
INSERT INTO Product (Title, Available, Price, Manufacturer_ID, Category_ID)
VALUES (*Faulty Bike’, -5, £39.39, 3, 1);

- Worked fine. Needs to be constrained to positive values only:

ALTER TABLE Product
40D CONSTRAINT check_negative_value_svailsble CHECK (Available > 9);
-~ Wow getting: Error Code: 3815, Check constralnt check_negative_valve' 1s violated.

-~ Attempt to insert 2 product with 2 negative price
INSERT INTO Product (Title, Availsble, Price, Manufacturer_ID, Category_ID)
100.00, 5, 2); -- Negative price

-~ This worked fine. Need to 2dd constralnt to ensure no negative values:

VALUES (*Discounted Bike’, 18,

ALTER TABLE Product
ADD CONSTRAINT check_negative_value_price CHECK (Price >= 2);
- Wow getting: Error Code: JB1S. Check constralnt "check_negative_value price’ 1s violated.
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-- create Order table

CREATE TABLE Orders (

Order_ID INT AUTO_INCREMENT PRIMARY KEY,
Product_Ip INT,
FOREIGN KEY (Product_ID) REFERENCES Product(Product_ID),
Price DECIMAL(3,2),
Quantity INT,
CHECK (Quantity > @),
Total_price DECIMAL(9,2),
CHECK (Quantity >= @),
Order_date DATETIME NOT NULL,
Customer_ID INT,
FOREIGN KEY (Customer_ID) REFERENCES Customer(Customer_ID)




image22.png
e - Populate Orders with 38 sample rows of dats
35 @ INSERT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
s vawes

s (1, 839.39, 1, 899,95, "2025-01-01 10:30:00", 1),
s @, 1249.50, 2, 2439.¢0, "2025-01-02 15:45:00°, 2),
83 ©, 139900, 1, 1399.¢0, "2025-01-83 11:00:00, 3),
35 (8, 839.35, 3, 2699.97, "2025-81-83 12:30:00, 9),
355 (5, 649.00, 2, 1298.00, '2025-81-84 £5:15:00", 5),
356 (6, #39.35, 5, 289,55, "2025-81-84 13:00:00", 6),
357 @, 1399.00, 1, 1599.¢0, "2025-01-05 1a:30:00, 7),
58 (8, 1549.50, 2, 3099.¢0, "2025- o000, 8),
s @, 7393, 10, 795.99,

360 (18, 9.58, 5, 457.50,

61 a1, 3.5, 3, 10897,

62 (2, 19.38, 7, 11993,

63 (3, 59.33, 2, 113.98,

6 (14, 20.35, 10, 263,30, "2025-81-87 11:00:00°, 2),
365 (15, 129.99, 1, 129.35, '2025-81-87 12:00:00", 3),
68 (6, 11250, 2, 229,08, "2025-21-87 13:30:00, 6),
367 (7, 2438, 15, 7485, "2025-01-07 14:15:00°, 7),
68 (3, 29.50, 10, 295,08, '2025-21-87 15:00:00, 8),
6 (13, 249.99, 1, 263,35, "2025-81-87 15:30:00, 9),
e (@2, 73.35, 4, 119.56, "2025-01-67

m @, 12495, 1, 124950, 2025-21-87 1
m (1, 839.35, 2, 175,38, ‘2025-01-07 17:00:00, 4),
m (5, 629.08, 3, 147,08, "2025-21-08 £5:30:00, 5),
7 (9, 7593, 8, 639.92, “2025-01-08 10:00:00", 6),

s (12, 9.50, 6, 557.00, '2025-01-08 11:00:00", 7),
76 (6, #39.35, 4, 195,56, ‘2025-21-08 11:30:00, 8),
B (7, 20.35, 10, 263,30, ‘2025-21-08 12:00:00, 9),
B (3, 29.58, 8, 236,00, "2025-01-08 13:30:00", 10),

s (13, 59.38, 3, 17597, "2e25-01-08 14:00:00°, 1),
s (15, 269.99, 2, 49.58, "2025-21-08 15:00:00", 2);
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85 == Attempt to insert an order with a NULL Order_date
35 @ INSERT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
387 VALUES (1, 895.93, 1, 899.99, NULL, 1);

88 -~ Error Code: 1048, Column "Order_date’ cannot be null

88

3 -~ Attempt to insert an order with Quantity =

391 @ INSERT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_TD)
32 VALUES (2, 1249.50, ©, 2439.08, '2025-81-82 15:45:08", 2);

383 - Error Code: 819, Check constraint "orders_chk_1' 1s violated.

3¢

355 -~ Attempt to insert an order where Quantity Is negative

3% @ INSERT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
357 VALUES (3, 1355.98, -1, -1393.09, '2025-01-93 11:00:0", 3);

358 - Error Code: 3819, Check constraint "orders_chk_1' 1s violated.

3%

aee -+ Attespt to insert an order with & Product_ID that dossn’t exist

&
.

INSTRT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
VALUES (25, 799.99, 2, 159938, 2025-01-69 10:00:00°, 5);
-~ Error Code: 1452. Cannot 244 or update 2 child rou: 2 forelgn key constraint fails ("cycleworks . orders’, CONSTRAINT "orders_tbfk_1

-+ Attespt to insert n order with & Customer_ID that dossn’t exist
INSERT INTO Orders (Product_TD, Price, Quantity, Total price, Order_date, Customer_ID)

VALUES (12, 55.58, 5, 497.50, "2025-01-06 11:60:00°, 15);

-~ Error Code: 1452. Cannot 244 or update 2 child rou: 2 forelgn key constraint fails ("cycleworks . orders’, CONSTRAINT "orders_tbfk_2

§EEEBRER

3
H

-- Attempt o insert & Guplicate Order_TD manuslly, which should not be possible due Lo AUTO_TNCREWENT
1 TUSERT INTO Orders (Order_ID, Product ID, Price, Quantity, Total_price, Order_date, Customer_10)

a2 VALUES (1, 12, $9.52, 5, 457,50, "2025-01-06 11:00:00", 10);

a3 - Error Cose: 1862. Duplicate entry '1° for key "orders.PRIMARY"

[
.
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== Attempt to insert an order where Total price negative
INSERT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
VALUES (¢, 895.93, 3, -2689.57, '2025-81-83 12:30:08", 4);

-+ This worked fine. Need to implement & Constraint to assert price to be over 8:

ALTER TABLE Orders.
40D CONSTRAINT check_negative_value_total price (Total_price >= o);
- Wow getting: Error Code: 815, Check constralnt *check_negative_value totel price’ 1s violated.
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- Create Review table
CREATE TABLE Review

)

Review_ID INT AUTO_INCRENENT PRIMARY KEY,
Review SMALLINT,

CHECK (Review IN (1, 2, 3, 4, 5)),
Feedback VARCHAR(599),
Product_TD TNT,

FOREIGN KEY (Product_ID) REFERENCES Product(Product_ID),
Customer_To INT,

FOREIGN KEY (Customer_ID) REFERENCES Customer(Customer_ID),
Review_date DATETIME DEFAULT CURRENT_TIMESTAWP
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== Populate the Review table with 10 rows of sample data
INSERT INTO Review (Review, Feedback, Product_ID, Customer_ID, Review date)
vaLues

(5, "The Trall Xtrene 500 Is an outstanding nounteln bike! Mandles trails effortlessly and Is super comfortable.’, 1, 1, '2825-1-81 10
(8, "The Summit Pro 788 1s great, but T wish the seat was more comfortable for long rides.’, 2, 2, '2025-81-82 14:45:00'),

(5, “The Rosdster Elite 360 is sacoth, Lightuelght, and perfect for my rosd cycling nesds.’, 3, 3, '2025-81-83 11:30:08°),

(4, T love the LED Bike Light Set. It’s bright and long-lasting, though the mounting bracket feels s BIt flimsy.’, 11, &, '2025-01-84 89:45:00°),
(5, “Conpact Multi-Tool is & lifesaver! Perfect for quick fixes on the go., 17, 7, '2025-81-85 13:08:00°),

(1, "'m aissppointed with the E-Power Trek 350, The battery Life is nowhere near Wiat was advertised.’, 7, 8, '2025-81-96 15:30:08°),

(2, "The GreenRide E-Blxe arrived wlth scratches, and the motor seems underpowered.”, 8, 5, '2025-81-06 16:00:00"),

(2, "The RercShield Melmet doesn’t 41t well, and the straps feel cheap.’, S, 6, '2025-21-87 €3:15:00"),

(3, "The Portable Bixe Pump works fine, but It takes 2 lot of effort to fully Inflate tires.’, 18, 9, "2025-21-27 10:00:00'),

(2, “The Carton Fiber Handlebar looked great but started to delaminate sfter s week of use.’, 13, 18, '2025-81
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-- Attespt to insert 2 review of @ which is outside of valid range 1-5
INSERT INTO Review (Review, Feedback, Product_ID, Customer_ID, Review date)

VALUES (@, "Great product!’, 1, 1, "2025-81-81 10:00:00"); -~ Tnvalld review (8 1s not allowed)
-~ Error Code: 819, Check constraint “review_chk_1' Is violeted.

-~ Attempt to Insert 2 review of 6 which Is outside of valld range 1-5
INSERT INTO Review (Review, Feedback, Product_ID, Customer_ID, Review date)

VALUES (6, “Not great, but acceptable.’, 2, 2, '2025-81-82 11:00:08°); -~ Invalld review (6 is not allowed)
- Error Code: 3819, Check constraint "review_chk_1' Is violeted.

-+ Attespt to insert s review for  non-existent product
INSERT INTO Review (Review, Feedback, Product_ID, Customer_ID, Review date)

VALUES (5, "Excellent bike! Worth every penny.’, 25, 1, '2025-81-83 12:00:00");

-+ Error Code: 1452. Cannot add or updste s Child row: s forelgn key constraint fails (“cycleworks . review , CONSTRAINT

-+ Attespt to insert s review for & customer that does not exist
INSERT INTO Review (Review, Feedback, Product_ID, Customer_ID, Review date)

VALUES (3, "Satistactory helnet, could be better.’, 1, 15, '2025-01-04 13:00:00°);

-+ Error Code: 1452. Cannot add or update s Child row: s forelgn key constraint fails (“cycleworks . review , CONSTRAINT

Peview_IbF_1" FORETGN KEY

Peview_ibf 2" FORETGN KEY
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-- The Title column of the Product table will be queried quite alot
-- i.e. when searching for specific products, or filtering by products
CREATE INDEX idx_product_title ON Product (Title);

-- The system will need to provide users with the availability very often
-- i.e. speeds up queries when filtering by "Availsble > " on the website
CREATE INDEX idx_product_availsble ON Product (Available);

Filtering will often be placed upon combinations of columns such as Price
i.e. searching for products that do not go above a price
CREATE INDEX idx_product_price N Product (Price);

-- Filtering will often be placed upon combinations of columns such as Price and Availability
-- i.e. searching for products that do not go above a price, and are available
CREATE TNDEX idx_product_price available on Product (Price, Available);

-- The Category column of the Category table will be queried quite alot
-- i.e. speeds up queries when filtering by Category on the website
CREATE INDEX idx_category ON Category (Category);

SHOW INDEX FROM Product;
SHOW INDEX FROM Category;
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Example of COMMIT
Here the ROLLBACK is not explicitly declared as error checking is done by the table constraints.

Scenari
sy

A customer orders two helmets, of which Cycleworks has plenty, so can fulfil the order

START TRANSACTION; -- Specify the beginning of a transaction

-- Update the record in Product that relates to the helmet, minusing 2 from the available stock

-- If this fails, the transaction will fail and will ROLLBACK, deleting any changes made to the Orders table
UPDATE Product

SET Available = Available - 2

WHERE Product_ID = 9 AND Available >= 2

-- Attempt to add an order for 2 bike helmets
INSERT INTO Orders (Product_ID, Price, Quantity, Total price, order_date, Customer_ID)
VALUES (5, 649.90, 2, 1298.08, NOW(), 3);

- COMMIT the changes to the database
comnT;
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181 21:4229 START TRANSACTION

182 2114229 UPDATE Product SET Available = Avaiable - 2 WHERE Product_ID = 3 AND Avaiable >= 2

183 21:4229 INSERT INTO Orders (Product_ID, Price, Quantty, Total_price, Order_date. Customer_ID) VALUES (5, 649.00.
184 21:4229 COMMIT

0 row(s) affected
1 row(s) affected Rows matched: 1 Changed: 1
1row(s) affected
0 row(s) affected
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Exasple of ROLLBACK

While the table constraints are preventing erroncous dats from being input, this exsmple
WILL contatn en explicit ROLLBACK statement so that an error message can be output Lo the user.

Scenario: A company wents to buy € e-bikes for thelr employees Lo use, they attempt to order §
GreenRide E-Bikes (Product T0 8) and CycleMorks only stores 5. Therefore CycleWorks will be
unable to fulf1l the order.

DELTMITER 35

CREATE PROCEDURE PlaceOrder() -- Creste & procedure 50 thet IF statements can be used.

BeaIv
Stert the transaction
START TRANSACTION;

-~ Check stock avallebility
TF (SELECT Avallable FROW Product WHERE Product_ID = 8) < & THEN
ROLLBACK; -~ When not enough stock, rollback the transaction and signel an error
STGNAL SQUSTATE "4500¢" SET MESSAGE_TEXT = "Tnsuficient stock avallable’;

ELSE - I enough stock, update the stock and insert the order
UPDATE Product SET Avallable = Avallable - G WHERE Product_ID = 5;

INSTRT INTO Orders (Product_ID, Price, Quantity, Total price, Order_date, Customer_ID)
VALUES (8, 152558, 6, 5257.08, NOW(), );

Comit the transaction
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© 197 01:17:33 CALL PlaceOrder() Emor Code: 1644. Insufficient stock available
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-- Create schema CYCLEWORKS
CREATE SCHEMA CYCLEWORKS;

-- Use schema CYCLEWORKS
USE CYCLEWORKS;
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-- Create Manufacturer table
CREATE TABLE Manufacturer (

Manufacturer_ID INT PRIMARY KEY AUTO_INCREMENT,

Name VARCHAR(255) NOT NULL,

Address_1 VARCHAR(255) NOT NULL,

Address_2 VARCHAR(25%),

‘Address_3 VARCHAR(255),

Area VARCHAR(109),

city varauaR(1e8) noT muLL |

County VARCHAR(10@),

Postcode VARCHAR(19) NOT NULL,

Country VARCHAR(S®) ,

Telephone VARCHAR(14) NOT NULL,

Email VARCHAR(109) NOT NULL,
UNIQUE (Email)
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- Populate Menufacturer with 18 rows of sample data
INSTRT INTO Manufacturer (Name, Address 1, Address_2, Address 3, Ares, City, County, Postcode, Country, Telephone, Enail)
vawes

(CCycleTech Lta", "12 Gear Lane’, "Unit &', MLL, “Centra
(‘Velocity Bikes', 45 Pedal Wey', NULL, NULL, "West End’, "Menchester', ‘Greater Manchester’,
(‘Ridge Riders Co.’, "Unit 23°, “Bike Park’, MILL, ‘North’, ‘Birmingham’, “Mest Midlands’, ‘B1 DOC, ‘United Kingdos', ‘S12112567", "salesgridgeriders.co.uk’),

(‘Urban Cyclery’, '78 Chain Road’, NULL, NULL, "Eastside’, Leeds’, "Mest Yorkshire', 'LS1 30L°, ‘United Kingdom', "1131234567°, infogurbancyclery.con’),

(‘Trail Blazers', 'S6 Spoke Street’, MILL, MILL, 'South’, 'Bristol’, "Aven’, '8S1 4FH', ‘United Kingdom', '@1171234567", *supporttrailblazers.con’),

(Summit Cycles’, '98 Mountain Drive’, ‘Bullding 2', MULL, "Mighlands’, "Edinburgh’, ‘Midlothian’, 'EM1 NT', ‘United Kingdom', '@1311234567", *infofsummitcycles.co.uk’),
(Cheeluorks Lta’, 18 Wb Aveaue’, MILL, MILL, ‘Downtown’, ‘Glasgow’, ‘Lanarkshire’, ‘Gl 287", ‘United Kingdon', "B1411234567°, ‘salespuheeluorks.con’),

(‘Ploneer Bikes', "32 Trall Road’, 'Sulte 8, MILL, "Uplands’, 'Card1#+', "South Glamorgan’, 'CF1@ 1FL", "United Kingdon', '@2S21234567", "contact@ploneerbixes.con'),
(Ecetycles, 'S Green Lane’, MILL, WILL, 51 4ST', "United Kingdon', "@1141234567", " Infoecocycles.co.uk’),

', "London’, “Greater London’, 'ECIA 188, ‘United Kingdom', '8271234567", " Infofcycletech.co.uk’),
"ML 248", "United Kingdon', '@1611234567", "contactivelocitybikes.con'),

Eco Park’, "Sheffield’, "South Yorksnire

(‘BlkeMaster Co.", '78 Saddle Close’, “Industrial Estate’, MULL, "Central’, ‘Nottingham', "Nottinghamshire’, 'NGI 1AL', ‘United Kingdom', @1151234567", "infofoikensster.con');




