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[bookmark: _Toc187103252]Introduction

According to Connolly and Begg, the database, a shared collection of logically related data designed to meet the needs of an organisation, is designed to be accessed simultaneously by many departments and users [1, p. 63]. This improves efficiencies and is an essential component within a modern organisation. 

AdventureWorks Cycles require an optimised database to expand their ventures into an online marketplace where customers can purchase and customise bicycles and accessories. A scoping exercise has been undertaken to identify key requirements and expectations for the database. The database is required to facilitate functionality including:
· Manufacturer/customer registration
· Product/category management, listing and purchase
· Order processing/management
· Feedback and reviews

A database has been set up in MySQL, to establish relationships, perform basic management tasks and perform simple and complex queries [1, p. 192] to fulfil the specification, including additional elements for optimisation:
· Normalisation of data to 3rd normal form (3NF)
· Entity Relationship Diagram and Schema
· Referential integrity
· Constraint testing
· Transactions
· Performance tuning enhancements 
· 

[bookmark: _Toc187103253]Entity Relationship Diagram and Schema
Undertaking a requirement analysis and defining a mission statement is part of database planning, describing scope and boundaries [1, pp. 349, 350]. This is done by consulting the organisation requesting the database using fact-finding techniques, to understand needs and expectations, including interface and transaction design to consider how the database acts in the real world [1, pp. 363, 364].  

[bookmark: _Toc187103254]Fact-finding
Connolly and Begg define fact-finding as a formal process to gather facts about systems, requirements and preferences using techniques such as examining documentation, interviewing, observing real world operation, research and questionnaires  [1, pp. 375, 378]. Fact-finding will enable the identification of entities (tables) and attributes (fields) and raw data to be collected and identify what is needed and important roles required. This step has already been undertaken for AdventureWorks.

[bookmark: _Toc187103255]Normalisation
A technique for identifying minimum data requirements, identify functional dependency (relationships) and reducing redundancy (i.e. avoid duplication) [1, p. 452]. Raw data will be in un-normalised form meaning that the data is not optimised for use in the database. Data needs to be normalised. Normalisation involves splitting data into smaller tables; First Normal Form (unique row with one value in each column), Second Normal Form (unique IDs as identifiers) and Third Normal Form (3NF - relationships between tables) (figure 1). 
[image: A diagram of a data source
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Figure 1: Steps to normalise data to 3NF [1, p. 465]
[bookmark: _Toc187103256]Database design

The next step is database design. Figure 2 shows an entity relationship diagram (ERD) for AdventureWorks Cycles, one of the main techniques for database design [1, p. 94], which has been produced following data normalisation to 3NF. ERD modelling is a top-down approach to database design and identifies entities (tables), relationships and attributes [1, p. 407]. Seven tables have been identified with appropriate attributes shown. The lines connecting the tables are relationships (1 = one, M = Many), as follows:
· One manufacturer can supply many products
· Many products can have one category
· One customer can create many invoices
· One invoice can generate many order items
· Many order items can be made for one product
· One customer can provide many reviews
· Many reviews can relate to one product

[image: A diagram of a company
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Figure 2: AdventureWorks Cycles Entity Relationship Diagram
Full details of relationships and attributes are shown in the database schema (figure 3), i.e. the structure or overall description of the database [1, pp. 68,87]. Attribute types are also show, including INT (numbers), VARCHAR (text), DATE and DECIMAL (i.e. for price). Keys are shown as PK (Primary Key), the main key (identifier) for a table and FK (Foreign Key), the secondary key used to reference another table via the identifier (figure 4). 
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Figure 3: AdventureWorks Cycles Database Schema
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Figure 4: Table representing keys




[bookmark: _Toc187103257]Database implementation
The database can now be built in MySQL. Tables are created with appropriate attributes, constraints and keys assigned in abc_tables_keys_constraints.sql.
[bookmark: _Toc187103258]Table creation
Tables based on the 7 entities identified in the design phase are created in MySQL. The customers table (figure 5) has appropriate constraints incorporated.

[image: A screen shot of a computer
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Figure 5: customers table created with constraints
[bookmark: _Toc187103259]Referential integrity constraints
One or more attributes should be identified that uniquely identify each tuple (row of data) in a relation (PK) and attribute(s) within one relation that match the primary key in another (FK) [1, p. 159].
Entity integrity states that the PK cannot be null, and an FK must match the PK value (or be wholly null) [1, p. 162]. Entity integrity is set by assigning the clauses PRIMARY KEY (specified once per table) and FOREIGN KEY which must link to a valid PK in the parent table when defined using REFERENCES and parent table name [1, p. 242]. 
ON DELETE CASCADE on FK ensures the PK is not deleted if the FK is. INT AUTO INCREMENT for PK ensures unique identifiers. The reviews table (figure 6) has relevant keys assigned; review_id (PK) auto increment and two FK referencing to their parent table.[image: A computer screen with white text
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Figure 6: Use of keys in a table
[bookmark: _Toc187103260]Constraints
Also known as database integrity, and considered a type of database protection, check constraints ensure the quality of the data itself by assigning a set of rules and properties to the data [1, p. 101]. The following constraints have been applied as shown in the manufacturers table (figure 7).
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Figure 7: Range of constraints in manufacturers table
VARCHAR for varying character data, with a length of the field specified in the parenthesis [1, p. 235]. Used for postcode (figure 7) and states the constraint that various characters can be used but not exceed 10 characters. On testing this constraint by entering over 10 characters, an error message was returned (figure 8). This is selected to control the size of the data held in the database.
[image: ]
Figure 8: Error when trying to exceed VARCHAR constraint
INT for a number and DECIMAL for decimalised numbers. Both have a default scale of 0 [1, p. 236]. INT is used for manufacturer_id and will only accept a number. DECIMAL is used in the products table (figure 9) and states that the maximum of 7 characters can be used, including up to 2 decimal places, up to a maximum value 99,999.99 and selected due to having a financial field.
[image: ]
Figure 9: Use of DECIMAL for price
DATE stores calendar dates [1, p. 237] and is used for some attributes that must be input in data format YYYY-MM-DD. This is used for reg_date and relevant aggregation can be made by comparing dates in different columns.
CHECK limits value range used in a column [2] ensuring only specific words or conditions are met, otherwise known as domain constraints [1, p. 240]. In figure 7, the CHECK ensures only  'Inactive' or 'Active' can be entered and a second constraint that the end_date must be null or not before the reg_date to ensure a manufacturer cannot cease before their registration date and limits error.
This constraint has been successfully tested by attempting a range of data that is not accepted in the CHECK constraint (figure 10), useful to maintain data quality.
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Figure 10: Testing of CHECK constraint
UNIQUE ensures all values in a column are different [3]. This has been assigned to manufacturer to avoid duplication. This has been successfully tested by attempting to add a manufacturer twice (figure 11).
[image: ]
Figure 11: Testing of UNIQUE constraint
NOT NULL where null represents an unknown value (or not applicable), but not the same as zero [1, p. 161], NOT NULL specifies that the variable cannot be left blank. Most entries have been assigned with this constraint to ensure fields cannot be left blank. Successful test results are shown in figure 12.
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Figure 12: Testing of NOT NULL
Testing of a range of constraints, referential integrity and joins carried out successfully in e_testing_validation.sql.


[bookmark: _Toc187103261]Input records into database
Using INSERT INTO statement adds new rows into a table [1, p. 225]. Initial population of the data has been complete (figure 13). See d_insert_data.sql. 
[image: A screenshot of a computer screen

Description automatically generated]
Figure 13: Insert data into manufacturers table
Each of the 7 tables has data entered. Inputting such large quantities of information helps with checking rules/constraints set up previously.
[bookmark: _Toc187103262]Joins
Combines two relations to form a new one, essential in relational databases, there are different types of joins, with subtle variations for each [1, p. 175]. These allow access of information across tables in the form of a query to display results as required. Performing queries using joins has been undertaken to test referential integrity constraints are working as planned (figure 14) with outputs (figure 15 & 16) showing that joined tables work as intended and chosen based on requirements.
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Figure 14: Testing data entry with joins
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Figure 15: Output of test 5a list products by manufacturer
[image: A black and white screen with white text
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Figure 16: Output of test 5b list invoices by customer 
[bookmark: _Toc187103263]Transactional scenarios
Actions which access or change contents [1, p. 99], like CRUD (create, read, update, delete) functions [4], are known as transactions. See f_transactions.sql.
[bookmark: _Toc187103264]CRUD transactions
INSERT statement allows new records to be created and added to a table, SELECT allows database records to be retrieved and read, UPDATE allows existing rows to be changed and DELETE to delete rows [1].
[bookmark: _Toc187103265]Aggregate and grouping operations
Aggregation is a form of summation and grouping is like a sub-total [1, p. 178]. SUM is used to calculate value of stock £7609.20 (figure 17), COUNT used to record the number of registered customers (figure 18) and SUM with a join to bring thorough total sales of each product across two tables (figure 19). These queries have been pre-written for ease of access by database users as they are likely to be popular requests.
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Figure 17: SUM query
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Figure 18: COUNT query
[image: A screenshot of a computer

Description automatically generated]
Figure 19: SUM with join query
[bookmark: _Toc187103266]Rollback and commit
If the transaction fails, the database needs to be returned to a consistent state. The failure could be due to several reasons, including hardware, software or user error during a transaction [1, p. 100]. Methods for bringing in a failsafe within MySQL include the use of commit and rollback in transactions, which also help with managing concurrent access where more than one user is trying to update a record [1, p. 99]. By starting a transaction, the record will be locked until the commit function is used, ensuring only one user can make an update to a record at a time. 
COMMIT ends a transaction successfully where ROLLBACK aborts the transaction [1, p. 261]. SAVEPOINT is a point in a transaction used as a restart point during a transaction if a problem is detected [1, p. 712]. Figure 20 shows a new review being created, with options to rollback if an error is made or software failure. A more advanced scenario includes implementation with multiple transactions across tables.
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Figure 20: Rollback/Commit with INSERT INTO
[bookmark: _Toc187103267]Triggers
An action for the database to take when a specific event occurs and can be used to enforce referential integrity [1, p. 281]. Used with AFTER INSERT initiates the trigger (figure 21) which updates the stock quantity in the products table once and item on order_items table is marked as shipped. The transaction will fail if there is no stock in the products table, an important part of databases, a step towards automation.
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Figure 21: stock_trigger created
[bookmark: _Toc187103268]Performance tuning enhancement
[bookmark: _Toc187103269]Indexing
Provides accelerated access to rows of a table based on one or more columns which can significantly improve performance of a query and are particularly useful for frequently used columns [1, p. 250]. However, these need to be maintained where new data is added and can lead to more work [5], or overheads, meaning use of indexing should be carefully considered [1, p. 576], so is not always utilised in smaller databases where speed of retrieval is not so vital [1, p. 250].
Indexes have been created on three tables (figure 22). See g_tuning.sql. These tables have been chosen due to the frequency that these will be accessed. 
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Figure 22: indexes
A method to understand the impact of indexing on performance of the database is use of the ANALYSE statement, that will produce statistics such as memory load and timeliness. Undertaking this statement before and after indexing will quantify the performance improvement and allow database administrators to judge if the index is worth the additional overheads. Analysis of the index in the customers table (figure 23) shows both the cost and actual time reduced after creating the index.
[image: A computer screen shot of a computer code

Description automatically generated]
Figure 23: Results before and after index
[bookmark: _Toc187103270]Query processing and procedures
A strategy to retrieve data when executing a query by optimisation and validation [1, p. 729] and can allow a level of automation. Figure 24 shows a procedure called update_stock, allowing database administrators to update stock levels in the products table. 
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Figure 24: update_stock procedure
This has been enhanced with ROLLBACK and COMMIT as a transaction to allow change if an error is made after the update_stock procedure is called (figure 25). See g_tuning.sql.
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Figure 25: CALL procedure with rollback and commit



[bookmark: _Toc187103271]Conclusion
The advantages of an optimised database are clear, enabling tables to have relationships to retrieve information quickly and efficiently. This is very appealing to an organisation looking to modernise and expand operations as it allows more data to be processed without loss of functionality for users. The database created in MySQL sets out some of the foundation steps to creating an optimised database, and with further ongoing development could help AdventureWorks Cycles achieve their ambitions.
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PK | manufacturer_id INT AUTO_INCREMENT

manufacturer VARCHAR(50) NOT NULL
first_line_address VARCHAR(50) NOT NULL
city VARCHAR(30) NOT NULL

postcode VARCHAR(10) NOT NULL

tel_no VARCHAR(15) NOT NULL

email VARCHAR(100)

reg_date DATE NOT NULL

state VARCHAR(10) NOT NULL

end_date DATE

review_id INT AUTO_INCREMENT

customer_id INT NOT NULL
product_id INT NOT NULL
review_date DATE NOT NULL

rating INT NOT NULL

review_details VARCHAR(500) NOT NULL

H PK | product id INT AUTO_INCREMENT

product VARCHAR(100) NOT NULL

—<§ FK | manufacturer_id INT NOT NULL
FK | category_id INT NOT NULL
active_date DATE NOT NULL
state VARCHAR(10) NOT NULL
end_date DATE

price DECIMAL(7,2) NOT NULL

stock_quantity INT NOT NULL

categories

PK | category_id INT AUTO_INCREMENT

category VARCHAR(20) NOT NULL

sub_category VARCHAR(50) NOT NULL

H PK | invoice_id INT AUTO_INCREMENT

A

H PK | customer_id INT AUTO_INCREMENT

first_name VARCHAR(25) NOT NULL
surname VARCHAR(50) NOT NULL
first_line_address VARCHAR(50) NOT NULL
city VARCHAR(30) NOT NULL

postcode VARCHAR(10) NOT NULL

tel_no VARCHAR(15) NOT NULL

email VARCHAR(100)

reg_date DATE NOT NULL

<€ FK | customer_id INT NOT NULL

order_date DATE NOT NULL

PK | order_item_id INT AUTO INCREMENT

—«§ FK | invoice_id INT NOT NULL

e FK | product_id INT NOT NULL

quantity INT NOT NULL

order_value DECIMAL(7,2) NOT NULL
payment_status VARCHAR(15) NOT NULL
delivery_status VARCHAR(15) NOT NULL

delivery_date DATE NOT NULL
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Table Keys

manufacturers | manufacturer_id (PK)

customers customer _id (PK)

Products product_id (PK)

manufacturer_id (FK) referencing manufacturer_id in
manufacturers table

category_id (FK) referencing category_id in categories table
categories category_id (PK)

invoices invoice_id (PK)

customer _id (FK) referencing customer _id in customers table
order_items order_item_id (PK)

invoice_id (FK) refencing invoice_id in invoices table
product_id (FK) referencing product_id in products table
reviews review_id (PK)

customer_id (FK) referencing customer_id in customers table
product id (FK) referencing product id in products table
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— create table 'customers' with referential integrity and check constraints

® © CREATE TABLE customers (
customer_id INT AUTO_INCREMENT PRIMARY KEY,
first_name VARCHAR(25) NOT NULL,
surname VARCHAR(50) NOT NULL,
first_line_address VARCHAR(50) NOT NULL,
city VARCHAR(3Q) NOT NULL,
postcode VARCHAR(10) NOT NULL,
tel_no VARCHAR(15) NOT NULL,
email VARCHAR(100),
reg_date DATE NOT NULL,
UNIQUE (first_name, surname, first_line_address)
= )f

—— Ensure customers can't be registered more than once
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—— create table 'reviews' with referential integrity and check constraints

© CREATE TABLE reviews (

review_id INT AUTO_INCREMENT PRIMARY KEY,

customer_id INT NOT NULL,

product_id INT NOT NULL,

review_date DATE NOT NULL,

rating INT NOT NULL,

CHECK (rating<=5 AND rating>=0), —— Ensures rating must be between @ and 5. Check constraint 'reviews_chk_1'

review_details VARCHAR(500) NOT NULL,

FOREIGN KEY (customer_id) REFERENCES customers(customer_id) ON DELETE CASCADE, — this ensures the customer_id cannot be deleted

FOREIGN KEY (product_id) REFERENCES products(product_id) ON DELETE CASCADE —- this ensures the product_id cannot be deleted
~);
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— create table 'manufacturers' with referential

© CREATE TABLE manufacturers (

manufacturer_id INT AUTO_INCREMENT PRIMARY KEY,
manufacturer VARCHAR(50) NOT NULL,
first_line_address VARCHAR(50) NOT NULL,

city VARCHAR(30) NOT NULL,

postcode VARCHAR(10) NOT NULL,

tel_no VARCHAR(15) NOT NULL,

email VARCHAR(100),

reg_date DATE NOT NULL,

state VARCHAR(10) NOT NULL,

end_date DATE,

CHECK (end_date IS NULL OR end_date >= reg_date)
~ )

integrity and check constraints

CHECK (state IN ('Inactive', 'Active')), —— Ensures a state must either be 'Inactive' or 'Active'

UNIQUE (manufacturer), -- Ensure a manufacturer can only be registered once

—— Manufacturer end date must be after the registration date if not NULL.

'manufacturers_chk_2"'
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—— Test 2 — Exceed VARCHAR limit: Attempt to enter a record that exceeds the constraints set

INSERT INTO customers (first_name, surname, first_line_address, city, postcode, tel_no, email, reg_date) VALUES
('John', 'Hughes', '14 0ld street', 'Swansea', 'SA4444 9999FG', '01792 5522234', 'jh@gmail.com', '2024-10-30');
— Error Code: 1406. Data too long for column 'postcode' at row 1
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price DECIMAL(7,2) NOT NULL,
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—— Test 3 — Use of CHECK: Attempt to enter data other than permitted under CHECK constraint

INSERT INTO order_items (invoice_id, product_id, quantity, order_value, payment_status, delivery_status, delivery_date) VALUES
(1, 6, 1, 199.99, 'Complete', 'Shipped', '2024-10-31');

—— Error Code: 3819. Check constraint 'order_items_chk_1' is violated. 'Complete' is not permitted for payment_status.

INSERT INTO order_items (invoice_id, product_id, quantity, order_value, payment_status, delivery_status, delivery_date) VALUES
(1, 6, 1, 199.99, 'Paid', 'Collected', '2024-10-31');

—— Error Code: 3819. Check constraint 'order_items_chk_2' is violated. 'Collected' is not permitted for delivery_status.
INSERT INTO reviews (customer_id, product_id, review_date, rating, review_details) VALUES

(4, 10, '2024-11-03', 7, 'Excellent!');

— Error Code: 3819. Check constraint 'reviews_chk_1' is violated. rating cannot be above 5.

INSERT INTO reviews (customer_id, product_id, review_date, rating, review_details) VALUES

(4, 10, '2024-11-03', -1, 'Poor!');

— Error Code: 3819. Check constraint 'reviews_chk_1' is violated. rating cannot be below 0.

INSERT INTO manufacturers (manufacturer, first_line_address, city, postcode, tel_no, email, reg_date, state, end_date) VALUES
('Muddy Fox', 'Manchester industrial park', 'Manchester', 'MC1 5HY', '02123 435343', 'Boardman@gmail.com', '2022-05-15', 'Inactive', '2021-08-31');
— Error Code: 3819. Check constraint 'manufacturers_chk_2' is violated. end_date before reg_date which is not permitted.

— Test 3 results: Success. Check constraints working as expected.
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—— Test 4 — UNIQUE constraint: Attempt to duplicate information, which should not be permitted with the UNIQUE constraint

INSERT INTO manufacturers (manufacturer, first_line_address, city, postcode, tel_no, email, reg_date, state, end_date) VALUES
('CatEye', 'Manchester industrial park', 'Manchester', 'MC1 5HG', '©02123 989889', 'CatEye@sky.com', '2023-07-16', 'Active', NULL);
—— Error Code: 1062. Duplicate entry 'CatEye' for key 'manufacturers.manufacturer'. Unable to duplicate manufacturer
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—— Test 1 — Null entries: Insert data with null entries where constraints specify NOT NULL

INSERT INTO manufacturers (manufacturer, first_line_address, city, postcode, tel_no, email, reg_date, state, end_date) VALUES

(Null, 'Manchester industrial park', Null, 'MC1 5HY', '02123 435343', 'Boardman@gmail.com', '2022-05-15', 'Inactive', '2024-08-31');

— Error Code: 1048. Column 'manufacturer' cannot be null

INSERT INTO manufacturers (manufacturer, first_line_address, city, postcode, tel_no, email, reg_date, state, end_date) VALUES

('Muddy Fox', 'Manchester industrial park', Null, 'MC1 5HY', '@©2123 435343', 'Boardman@gmail.com', '2022-05-15', 'Inactive', '2024-08-31');
—— Error Code: 1048. Column 'city' cannot be null

—— Test 1 results: Success. Null entries not accepted.
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— Insert initial data into 'manufacturers' table

INSERT INTO manufacturers (manufacturer, first_line_address, city, postcode, tel_no, email, reg_date, state, end_date) VALUES

('Boardman', 'Manchester industrial park', 'Manchester', 'MC1 5HY', '02123 435343', 'Boardman@gmail.com', '2022-05-15', 'Inactive', '2024-08-31'),
('Carerra', 'Cardiff industrial park', 'Cardiff', 'CF3 4FG', '02920 435346', 'Carrera@yahoo.com', '2023-12-13', 'Active', NULL),

('Apollo', 'Swansea industrial park', 'Swansea', 'SA6 5TY', '01792 987654', 'Apollo@gmail.com', '2020-01-01', 'Active', NULL),

('Voodoo', 'Cardiff Gate', 'Cardiff', 'CF7 9PL', '02920 123456', 'Voodoo@gmail.com', '2022-03-30', 'Active', NULL),

('Raleigh', 'Bike World', 'Slough', 'SH14 7YG', '01756 483920', 'Raleigh@bt.com', '2024-06-15', 'Active', NULL),

('Lazer', 'North Cycles', 'Derby', 'DB2 2FD', '01883 342123', 'Lazersales@outlook.com',6 '2020-09-09', 'Active', NULL),

('Livall', 'Park View', 'Stoke', 'ST17 4PB', '01979 239400', 'Livall.sales@gmail.com', '2021-09-04', 'Active', NULL),

('Halfords', 'Eastside ind site', 'Birmingham', 'BM43 7YH', '02000 011111', 'Halfords@bt.com', '2020-01-14', 'Active', NULL),

('CatEye', 'Manchester industrial park', 'Manchester', 'MC1 5HG', '©02123 989889', 'CatEye@sky.com', '2023-07-16', 'Active', NULL);

SELECT * FROM manufacturers;
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— Test 5 — Joins: Queries undertaken to ensure joins are working as intended

—— 5a) Take products from 'products' table and list manufacturers taken from 'manufacturers' table
SELECT products.product, manufacturers.manufacturer

FROM products

JOIN manufacturers ON products.manufacturer_id = manufacturers.manufacturer_id;

—— 5a test results: Success, worked as intended

—— 5b) List invoices by customer name and postcode

SELECT invoices.invoice_id, customers.first_name, customers.surname, customers.postcode
FROM invoices

JOIN customers ON invoices.customer_id = customers.customer_id

ORDER BY invoice_id ASC;

—— 5b test results: Success, worked as intended
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Apollo 14 inch: Boys Apollo
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invoice_id first_name surname postcode

1 Joe Bloggs |SA4 7FG
2 Jim Thomas |SA15 6HY
3 Joe Bloggs |SA4 7FG
4 Mike Jones SA7 1PB
5 Paul Smith CF31 1RD
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129 —— Other transactions to help with common queries i.e. Read transactions
130 —— a) List total value of stock

131 =
132
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142 —— c) Display total amount of customers
143 =  SELECT COUNT(customers.customer_id) AS total_customers from customers;

144
100% ¢ 601138

Result Grid [l 3 Filter Rows: Q Export: .

total_custom...
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145 —— d) Display best selling products
146 =  SELECT products.product, SUM(order_items.quantity) AS number_sold
147 FROM products

148 JOIN order_items ON products.product_id = order_items.product_id
149 GROUP BY product

150 ORDER BY number_sold Desc;

151

100% ¢ 271140

Result Grid [l 3 Filter Rows: Q Export: .

product number_sold

Carrera 18 speed - Mens: Black

Pump: Black

Apollo 14 inch: Girls
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—— Transaction 2g: Collect feedback and product ratings in reviews table with rollback and committ
start TRANSACTION; —— Lock the record while transaction is underway

SAVEPOINT before_insert; —— Savepoint to return to incase of error

INSERT INTO reviews (customer_id, product_id, review_date, rating, review_details) VALUES
(9, 6, '2024-12-24', 5, 'Delivery on Xmas Eve..Amazing service!');—— Insert new data here
SELECT * FROM reviews; —— Check if new records are insterted

ROLLBACK TO before_insert; —— To undo changes and try again

SELECT x FROM reviews; —- Check if changes are undone

ROLLBACK; —— To cancel the process

SELECT x FROM reviews; —- Check if new records are not showing

COMMIT; — To save changes and insert record

SELECT * FROM reviews; —— Check if new records are insterted
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—- Stored procedure 2

—— Procedure automatically updates stock_quantity in products table based on quantity ordered where order_items = delivered
DELIMITER $$

CREATE TRIGGER stock_trigger
AFTER INSERT ON order_items

FOR EACH ROW

BEGIN

—- Update the stock_quantity in the products table directly

UPDATE products

SET stock_quantity = stock_quantity - NEW.quantity

WHERE product_id = NEW.product_id AND NEW.delivery_status = 'Shipped';
END $$

DELIMITER ;

—- Check procedure by inserting new customer, creating an invoice and inserting into order_items

INSERT INTO customers (first_name, surname, first_line_address, city, postcode, tel_no, email, reg_date) VALUES

('Bob', 'Anderson', 'l Sun street', 'Swansea', 'SAl 3AG', '©1792 998888', 'bobby@gmail.com', '2024-12-31');

SELECT *x FROM customers;

INSERT INTO invoices (customer_id, order_date) VALUES

(14, '2024-12-31');

SELECT *x FROM invoices;

INSERT INTO order_items (invoice_id, product_id, quantity, order_value, payment_status, delivery_status, delivery_date) VALUES
(13, 2, 2, 399.98, 'Paid', 'Shipped', '2024-12-31');

SELECT * FROM order_items;

SELECT * FROM products;

—— Stored procedure 2 is working as intended. When a new order is made and stock is 'Shipped', products.stock_quantity automatically updates.
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CREATE INDEX product_name
ON products (product, stock_quantity);

CREATE INDEX cust_details
ON customers (first_name, surname, tel_no, postcode);

CREATE INDEX payment_s
ON order_items (payment_status);
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EXPLAIN ANALYZE —- Before index

Select first_name, surname, tel_no, postcode

FROM customers

WHERE first_name= 'Dave'’;

—— Index lookup on customers using first_name (first_name=\'Dave\')
—— (cost=0.7 rows=2) (actual time=0.0521..0.0553 rows=2 loops=1)\n'

EXPLAIN ANALYZE —- After index

Select first_name, surname, tel_no, postcode

FROM customers

WHERE first_name= 'Dave'’;

—— '—> Covering index lookup on customers using cust_details (first_name=\'Dave\')
—— (cost=0.463 rows=2) (actual time=0.0248..0.0295 rows=2 loops=1)\n'
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—— Stored procedure 1

—— Procedure allows stock_quantity to be quickly updated in 'products' table as new stock is received

—- Database administrator responsible for updating stock as it arrives using 'CALL update_stock' procedure
DELIMITER $$

CREATE PROCEDURE update_stock(IN products_id

INT, IN new_stock INT) —— Defines start of procedure

BEGIN

UPDATE products

SET stock_quantity = new_stock —- Change previous stock level to the new stock level
WHERE product_id = products_id;

END $$

DELIMITER ;
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—— Transaction 1: Update stock levels in products table (stored procedure 1)

start TRANSACTION; —— Lock the record while transaction is underway

SELECT * FROM products;

CALL update_stock(3, 4); —— Change numbers accordingly. i.e. CALL update_stock(3, 4); updates the stock quantity of product_id 3 to 4.
SELECT * FROM products; -- Check if procedure worked

ROLLBACK; —— To cancel the process

COMMIT; —— To save changes and update record




