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[bookmark: _Toc155615132][bookmark: _Toc187323677]Introduction 
Adventure Works Cycles approached me to design and develop a database management system using MySQL for an online marketplace. The requirement of the database is to store, edit, remove, or update data for customers, products, manufacturers, and orders. 
During the design, several processes will be considered to ensure the database functionality is to the standards outlined in the task briefing. For example, customers placing orders and creating a customer account to store their details and manufacturers updating their product catalogues with suitable prices and descriptions. 
Throughout the report, I will explain the design, development and implementation of the database while also demonstrating the integrity and functionality checks I have included during the process. I will also explore enhancement techniques to improve the performance of queries. 
[bookmark: _Toc187323678]Database Design
To begin the design process, I created an Entity Relationship Diagram and a Relational Database Schema to understand the attributes and entities for the database structure, allowing me to define the primary keys, foreign keys, and relationships between each of the tables. 
Identifying the entities and attributes for each table means that the required integrity constraints can be implemented to maintain data consistency throughout the database. For example, defining suitable primary keys for each table and establishing the relationships within them by using foreign keys. 

[bookmark: _Toc187323679]Entity Relationship Diagram (ERD)[image: A diagram of a diagram
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[bookmark: _Toc187323680]Relational Database Schema Diagram
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[bookmark: _Toc187323681]Database Implementation
Once the database design was complete, I started writing SQL scripts for each of the tables identified in the Database Schema Design. While developing the scripts, I used a range of constraints to ensure data integrity has been considered. Examples of these constraints include Not Null, Unique, Check, Primary, and Foreign Keys [7,8].  
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Description automatically generated]Generating Table Structures Using SQL Statements 


Above is an example of the SQL script I have used to generate the customer’s table. Within the script, a handful of integrity constraints were used to ensure the correct data types and rules were included in this table. This includes Not Null for the address and postcode and the Unique constraints for the email address and phone number.     
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After the script was executed, a customer table was created to populate with the customer details. 
[bookmark: _Toc187323683]Check Constraints 
[image: A screenshot of a computer

Description automatically generated]To enforce data integrity within the database system, I have applied some checks for the age of our customers. When creating the customers table I have used “CHECK (AGE BETWEEN 18 AND 99)”. This will check that any input under the age of 18 or over the age of 99 will not be accepted.  

In the screenshot above, it shows that the check constraint has been violated as the age shown for Max is 16, which does not meet the data entry requirements of our system.  
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Once the input for age and birthday was updated, Max was added to the customer table. 
[image: A screenshot of a message

Description automatically generated]To make sure this check worked for any input greater than 99, I tested the  database again with a new set of data. The check constraint was violated due to the age shown for Lucy being greater than 99. Once corrected, the details for Lucy have been added to the customers table.   
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[bookmark: _Toc187323684]Adding Data to Tables
To populate the tables with the required data, I used the “INSERT INTO X ( ) VALUES” statement. 
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[bookmark: _Toc187323685]Testing Database Functionality (Checking Constraints)
[image: A screenshot of a computer code

Description automatically generated]For the manufacturers table, I have included Not Null and Unique constraints to ensure none of the address fields are left blank and that the email address and phone numbers for manufacturers are unique. 


[bookmark: _Toc187323686]Checking Unique Constraint
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When entering new manufacturer details into the table, I used a phone number that already exists within the database system to determine if the constraints work or if the SQL script will need adjustments. As expected, an error code appeared after executing the script to show that this is a duplicate entry of data. 
[bookmark: _Toc187323687]Checking Not Null Constraint 
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To test the functionality of the Not Null constraint, I have put the postcode as “NULL” for the new manufacturer record. As expected, another error has occurred due to the check constraints in place. Once details are corrected the manufacturer can be added to the database.
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[bookmark: _Toc187323688]Data Length (Phone Number)
To ensure that phone numbers entered in the database only contained eleven characters, I have specified the data length requirements using “PhoneNumber VARCHAR (11) UNIQUE,” in the SQL scripts. As expected, an error code has appeared here due to an additional space within the phone number. 
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Once the data is edited to show 02920111111, the company details for Adventure Works Cycles are added to the database. 
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[bookmark: _Toc187323689]Altering Tables 
I have altered the orders table to apply Not Null constraints to ensure information is available for the order statutes and customization of products. This will provide more information about customer orders that can be used when running queries. 
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Description automatically generated]For example, a query can show the status of each customer order and filter them to show which are current and existing. Plus, a query can show what customers have ordered customized products.    

In the screenshot above, a null value for the order status was entered when populating the order table. An error has appeared here to show that an input is needed for this field. 
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The null constraint was assessed to ensure a null value is not accepted in the customized row for the orders table.     
[bookmark: _Toc187323690]Query – Example 1
A query can be used to collect the details from one or more tables using joins. I have created a query using an inner join to find each of the customer orders we have in our database system.
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The output of this query can be used to check which items will be sent to a customer, the date the order was placed, and what address the products will be sent to.  


[bookmark: _Toc187323691]Transactional Scenarios
Using SQL statements to create rollback and commit operations is an example of using transactions within a database system. It allows users to update information within the table while setting save points before a change is committed to revert to the original data if needed. 
[bookmark: _Toc187323692]Example 1 – Rollback and Commit 
Before updating the price of the product, rollback and commit operations were created to revert to the original cost if an error was made during these changes. For example, changing the price for the wrong product. Here we can see that the update has been accepted as part of the transaction.
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Here we can see that the cost for road bike A has been changed to £245. I now have the option to rollback to the original cost of £230 or commit the price change. 
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As the manufacturers have increased the price of this product, I have committed to the transaction so the price for road bike A is now £245.

[bookmark: _Toc187323693]Example 2 –   Rollback and Commit 
A customer has contacted us to explain that their title and last name have changed, and their records are showing incorrect details for their account. A transaction has been created to update Miss Frankie Smith to be Mrs Franke Evans. 
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In the screenshot below, we can see that the title and last name for Frankie have been updated. 
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However, after reviewing the customers table, the wrong customer ID was used, meaning two customer records are currently incorrect. To fix this, I used the save point in the transaction and the rollback command to revert to Frankie’s original details.
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[bookmark: _Toc187323694]Performance Tuning Enhancements 
To Improve the performance of the database, there are enhancement techniques in place for managing data and processing speed for collecting it. These techniques include indexing, distributed database systems and fragmentation [11]. 
Before enhancing the database, the most frequent queries and transactions for Adventure Works Cycles should be identified to understand what indexes we could create for the columns used the most. Examples of these queries could include: 
· Showing all customer feedback
· Calculate the number of orders for product X 
· What employees work in department X
[bookmark: _Toc187323695]Creating an Index
The Adventure Works database systems will contain lots of data once all the tables are fully populated with the rest of the records and this will continue to grow as manufacturers supply us with more products and more customers register and place orders. 
To manage this data more efficiently and improve the processing speeds, indexes can be used to filter through the information within the database when searches or queries are used, ultimately allowing us to retrieve data quicker [5,9].  
[bookmark: _Toc187323696]Index Example 1 – Customer Address 
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An Index has been created to filter through the customers who live in Riverside rather than all the customer details within the table. This index could be used also be used for postcodes to narrow down the search further. 

[bookmark: _Toc187323697]Index Example 2 – Employee Departments 
Having an index available to quickly identify what employees work in the IT or Database Admin Departments will ensure colleagues know who to contact if there are problems with the database system for customers, manufacturers, or employees. 
Before creating the index, the system would check the department of each employee, meaning the system checked seven customer records. 
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After creating the index, we can see that the system only checked two rows making the information easier to find. 
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[bookmark: _Toc187323698]Additional Indexes 
To continue the development of the database, I will explore other indexes that would further enhance the performance of the system. This could include filtering products by category and by manufacturer, finding the most popular products that have been customized, or filtering the start dates and birthdays of customers and employees. 
[bookmark: _Toc187323699]Fragmentation
To improve the information management within the Adventure Works Cycles database, I will explore the use of fragmentation in the next stages of development. This means separating the database into “smaller manageable fragments” [11] to maintain data integrity and query efficiency [12]. Implementing stored procedures and checks within these fragments will also improve the functionality of the database.
[bookmark: _Toc187323700]Conclusion    
Although performance has been considered during the development of the database there are still several improvements to include in the next design stages.  For example, I would include more stored procedures for adding, updating, removing, and editing records while also applying indexes to support more searches and queries within the database. 
Another improvement would be using the SUM statements to calculate the total cost of customer orders, and the total profit Adventure Works Cycles makes each month.     
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110 -- insert some maufacturers details
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122 -- Testing Null and Unique constraints for phone number and postcode (Acceptable Data)
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