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[bookmark: _Toc185209332]Adventure Works Cycles 
[bookmark: _Toc185209333]Task 1a: Database Design
[bookmark: _Toc185209334] Introduction
AdventureWorksCycles is a company that specialises in selling bicycles and cycling-related accessories. They offer an extensive range of stock, operating both online and in physical stores to complete customers’ orders. They ensure efficient processing with stock management and supplier correspondence. This report will focus on designing and building a robust database management system. This will include things such as Entity Relationship Diagrams (ERD), check constraints, and rollback and commit operations to assist transactional scenarios. 
[bookmark: _Toc185209335][image: ]Entity Relationship Diagram

Figure. 1: Entity Relation Diagram Representing Adventure Works Cycles’ Database Schema 
  
The above figure shows an ERD for Adventure Works Cycles. It shows the relationship between entities. It also represents weak entities with square outlines, primary keys with “PK” with underlines and foreign keys with ‘FK.’ The relationship between entities is represented by an arrow or a number one. A ‘1’ and an arrow means that one entity can have many of the entity it relates to. Two ‘1’ means that an entity can have only one of the entities it relates to. 
[bookmark: _Toc185209336]Tables in 3NF (Normalisation Form) 
Below are tables made with the process of 3NF normalisation. 3NF normalisation builds on 1NF and 2NF normalization. It reduces redundancy and increases data integrity. It ensures a robust database schema that is efficient and reduces inconsistencies. [1]
The process of 3NF normalisation was a loss-less join. This process was designed to ensure no loss of data. [2] I ensured there was never more than one value in a single cell for efficient readability for those using the database. Relationships between tables are represented by labelling the primary keys (PK) and foreign keys (FK). The design also ensures that each table contains relevant attributes, clearly reflecting the database's structure. It also includes each table having relevant attributes that would easily portray the structure of the database. 
For example, within the ‘CUSTOMER’ table, one entity presented is the customer’s details with attributes that include attributes such as ‘CUSTOMER ID’, ‘CUSTOMER NAME’, ‘CUSTOMER DOB’, ‘CUSTOMER PHONE NUMBER’, ‘CUSTOMER EMAIL ADDRESS’ and ‘CUSTOMER ADDRESS’. These attributes are crucial to the way the database is designed as they determine what sort of data is stored and how users can edit it. [3]
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[bookmark: _Toc185209338] The Rationale Behind ROLLBACK and COMMIT Functions
‘ROLLBACK’ and ‘COMMIT’ functions are used with databases during transactions to determine whether the transaction becomes permanent(‘COMMIT’) or not(‘COMMIT’). If it does, changes within the data of tables that are joined will change to accommodate, this is the ‘COMMIT’ function. [4]
When designing code for these ROLLBACK and COMMIT functions, it is crucial to adhere to the ‘ACID’ principles to ensure consistency and accuracy within the AdventureWorksCycles database. ‘ACID’ stands for; Atomicity, Consistency, Isolation and Durability. [5] These four principles are presented in the figure below and are crucial for daily business and transactions that will often be needed by AdventureWorksCycles. 
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Figure 1: ACID Properties in DBMS [6]

The atomicity principle means that if one check fails and there is a ‘ROLLBACK’, then all transactions will ROLLBACK. The consistency principle refers to the fact that the database should be consistent before and after the transaction. All tables should correlate with one another’s data.  [7] Isolation means that multiple transactions can proceed simultaneously without causing database inconsistencies. Each transaction will operate independently. This comes with changes remaining unseen to other transactions until they are committed, and permanent changes are made. 
The first transactional scenario where ‘ROLLBACK’ and ‘COMMIT’ functions are used is processing orders. The code ensures that when a customer makes an order, the tables presenting the inventory for bicycles and accessories are adjusted accordingly. This ensures that the data always remains accurate and up to date. It ensures atomicity for the database. [8] This means that all operation during a transaction scenario will either all succeed, or all fail. This prevents partial updates to certain updates which may cause discrepancies. 
Additionally, when a new order is made the first step is to update the ‘ODERS’ table, as shown with the code below. It updates the table with details of a new order, before updating the joined tables such as any of the inventory tables or the ‘ORDERED_ITEM’ tables. However, if any of the data inserted is invalid the transaction will ‘ROLLBACK’ and cancel all and any changes to the relevant tables. Thus, data remains consistent.
[image: ] 
 The next step would be to check the ordered items within the made order before updating the ORDERED_ITEM table. Within the code the ORDERS table is joined with the ORDERED_ITEM table. If there is something mismatched within the new order when inserting the items into the ORDERED_ITEM table, the operation will ‘ROLLBACK’ and the data will not be changed. Thus, errors are avoided within the ORDERED_ITEM table. This could include things such as the order including bicycle types that do not exist or accessory brands that the business does not carry.
[image: ]
The third and fourth steps are to check for availability within the inventory tables for availability for the items the customer has ordered. Thus, the code shown below checks the BICYCLE_INVENTORY and ACCESSORY_INVENTORY Tables for positive values. If the values are positive, then the transaction will ‘COMMIT’ and the values will decrease accordingly and will adjust the data in all the joined tables. This will be a permanent update. [9]
However, a ‘ROLLBACK’ will take place to cancel the transaction and prevent any changes to the corresponding tables if the stock levels for the ordered items are insufficient to the customer's request. This ensures that AdventureWorksCycles does not process orders they cannot fulfil, helping to prevent customer disappointment. [10]
Therefore, to summarise if the amount of stock for the customer’s item requests is sufficient it will trigger the ‘COMMIT’ operation and update all joining tables accordingly. However, if the stock is not sufficient then a ‘ROLLBACK’ will happen, and the data will not be altered. This automatically ensures that the data remains consistent and accurate while also maintaining atomicity. This reduces human error if the database were to be manually updated and ensures that the database remains a great tool for keeping track of business and carrying out daily operations.
The code is designed so that if some steps have the sufficient values within the data to ‘COMMIT’ the transactional operation, but a further step does not, then all previous ‘COMMIT’ changes will be undone. This means the database will revert to its original state before the transaction trial. This way, data integrity is always maintained as there are no partial updates made to single tables. It is an all or nothing process when validating. 
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To conclude, the use of the ROLLBACK and COMMIT operations within this transactional scenario ensure the data remains reliable and consistent between updates. It also ensures it adheres to the ACID principles, which are important for a growing business such as AdventureWorksCycles.
[bookmark: _Toc185209339]. Performance Tuning Enhancement
One way to enhance the performance of AdventureWorksCycles’ database would be to improve the way in which queries are executed, especially those which are going to be frequently used. [11] To achieve this, the code focuses on optimising queries that revolve around retrieving data and conducting updates across the various tables. This can include things such as being able to search for data by using personal details or specific attributes such as a customer’s name or a brand of bicycle. This is also known as a secondary index. A secondary index is an efficient way to access data within a database without the necessity to use a primary key to search. Although the primary key will still hold its value and importance. [12] Thus, secondary indexes are used to improve the performance of important data queries.
As an employee will often search for a customer using their name or email address, thus the below code allows this, and when executed, it will present the relevant data. Before a secondary index is completed it is wise to test some search queries, as shown in the code below. The first search query has been executed, which has pulled up ‘Homer’s’ data from the ‘CUSTOMER’ table. It is important to note that there is no need to add secondary indexes to primary keys within the database as they come prefixed with primary indexes due to being a primary key. [13] Secondary indexes, however, are manually instated and can be included at any time. [14]
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Now, a secondary index is added to the code as shown below to improve performance. There should be a noticeable improvement of efficiency when conducting the search again after implementation of the secondary index.
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Another common search that AdventureWorksCycles may want to use often is what orders were made by what customers. As some customers may have more than one order, having a query for a customer’s ID or name may be useful when a customer queries about their order. The below search query will carry out this effect.

[image: ]
The below secondary index is added to enhance the performance of this search query and will not pull up the data must quicker.
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Some employees may enjoy the option of manually checking the ‘INVENTORY’ table even though the ‘COMMIT’ and ‘ROLLBACK’ operations will do this automatically to ensure efficient stock is in place to make orders. Thus, the below search query will allow a manual search of stock for bicycles.
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The below secondary index was included to enhance the performance of the above search query. 
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This code is repeated to achieve the same effect with the ACCESSORY_INVENTORY table.
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As well as the secondary index to optimise the search:
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Searching for the date an order was made will also be a common practice. Thus, below is the search query and the secondary index to enhance the time it takes to retrieve the data.

[image: ]
Secondary index: 
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Therefore, secondary indexes are essential for enhancing query speed, especially when filtering data within specific tables.

[bookmark: _Toc185209340]Conclusion
To conclude, this database design for AdventureWorksCycles will be a useful tool as it uses various techniques such as 3NF normalisation, ACID principles, transactional operations, and secondary indexes. These aspects of the design ensures that the database remains efficient and effective throughout the business’ use. Prioritising data integrity, accuracy and high-speed performance. The database will optimise AdventureWorksCycles operations and support its growth and success.


[bookmark: _Toc185209341]Appendix
AI Prompts used for assistance within this report:

Prompt: "Review the following SQL code for errors or inefficiencies related to transaction handling with ROLLBACK and COMMIT."

+Prompt: "Generate sample data for the following tables in a bicycle store database: CUSTOMERS, ORDERS, ORDERED_ITEMS, BICYCLE_INVENTORY, ACCESSORY_INVENTORY and SUPPLIER.”

Prompt: "Check the following SQL for syntax errors.”

Prompt: " Why am I receiving an error: CREATE INDEX idx_ BICYCLE_brand ON BICYCLE(BICYCLE_brand);."
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ERD representing Adventure Works Cycles’ Database Schema
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'CUSTOMER

CUSTOMERID (PK)  CUSTOMERNAME CUSTOMERDOB _ CUSTOMER PHONE NUMBER CUSTOMER EMAIL ADDRESS CUSTOMER ADDRESS

1 Homer Simpson  5/12/1956 07896541259 homer.doh simpson@gmailcom 23 Castle Street, Cardiff, Wales
2 Marge Simpson  10/1/1956 07896541236 marge bluedresses@gmailcom 45 Rose Lane, Bath, England

3 Lisa Simpson 5/9/1982 07896541236 lisa.jazz flute@hotmail.com 77 Elm Street, Liverpool, England
n Maggie Simpson  1/14/1986 07326598745 maggie binky@gmail.com 19 Larkspur Close, Swansea, Wales
5 Bart Simpson 2/23/1981 07888956454 skateboarding bart@yahoo.com 11 Daisy Drive, Bristol, England
ORDERS

ORDERID (PK) CUSTOMERID (FK) ORDERDATE _ TOTAL AMOUNT PAYMENT METHOD

1 1 1/10/2024 25 Credit Card

2 2 21012024 155 PayPal

3 3 311012024 40.75 Debit Card

n 4 411012024 32 Bank Transfer

5 5 5/10/2024 182 Cash

ORDERED ITEM ID (PK)

ORDERED ITEM ID (PK) ORDERID (FK)  BICYCLEID (FK)  ACCESSORY ID (FK) QUANTITY

1 1 1 1 1 225

2 2 NULL 2 2 45

3 3 2 NULL 1 200

n 4 3 4 3 150

5 5 NULL 5 5 75
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BICYCLE

BICYCLE ID (PK) COLOUR

1 Mountain Trek Marlin 5 Red 200
2 Road Giant Defy Blue 150
3 Hybrid Specialized sirrus Green 220
n Cruiser Schwinn Classic Yellow 130
5 Electric Cannondale Synapse Black 250
ACCESSORY

ACCESSORY D (PK)  ACCESSORY NAME TYPE

1 Helmet Safety Bell 25

2 Lock Security Kryptonite 30

3 Water Bottle Hydration CamelBak 15

n Lights Safety Lezyne 20

5 Pump Maintenance __Topeak 35

BICYCLE INVENTORY

BICYCLE ID (FK) STOCK QUANTITY
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ACCESSORY
INVENTORY

ACCESSORY ID (FK)  STOCK QUANTITY

1 149

2 100

3 200

4 120

5 75

SUPPLIERS

SUPPLIER ID (PK) SUPPLIERNAME _ PHONENUMBER _ADDRESS

1 Bike World 01234567890 123 Cycle Lane, London, UK
2 Speedy Bikes 09876543210 456 Pedal Avenue, Manchester, UK
3 Cycle Supplies Co. 02345678901 789 Gear Street, Bristol, UK
4 The Bike Shop 03456789012 101 Wheel Way, Cardiff, UK
5

Eco Bike Suppliers

04567 890123

234 Trail Road, Edinburgh, UK
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ACID Properties in DBMS

A = Atomicity——

C = Consistency

ACID

| = Isolation

D = Durability

—

The entire transaction takes place at once
or doesn't happen at all.

The database must be consistent before
and after the transaction.

——

Multiple Transactions occur independently
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The changes of a successful transaction
occurs even if the system failure occurs.
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-- Step 1 : Customer makes a new order:
INSERT INTO ORDERS (CUSTOMER_ID, ORDER date, TOTAL_amount, PAYMENT method)
VALUES (1, '2024-12-13', 225.80, 'Credit Card');
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-- Step 2: ORDERED_ITEM table must be updated with order details:
INSERT INTO ORDERED_ITEM (ORDER_ID, BICYCLE_ID, ACCESSORY_ID, QUANTITY, ITEM_PRICE)
VALUES (LAST INSERT ID(). 1. 1. 1. 225.00'
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-- Step 3: Check for sufficient stock if new order includes any bikes

SELECT BICYCLE_STOCK_quantity FROM BICYCLE_INVENTORY WHERE BICYCLE_ID = 1;

-- Step 4: Check for sufficient stock if new order includes any accessories
SELECT ACCESSORY_STOCK_quantity FROM ACCESSORY_INVENTORY WHERE ACCESSORY_ID = 1
-- Reduce stock in INVENTORY TABLE TO MATCH WITH ORDER - COMMIT

-- If stock is sufficient, reduce inventory quantities - COMMIT

UPDATE BICYCLE_INVENTORY

SET BICYCLE_STOCK_quantity = BICYCLE_STOCK quantity - 1

WHERE BICYCLE_ID = 1;

UPDATE ACCESSORY_INVENTORY
SET ACCESSORY_STOCK_quantity = ACCESSORY_STOCK_quantity - 1
WHERE ACCESSORY_ID = 1;

-- If enough stock transaction will COMMIT
COMMIT;

-- If not enough stock trannsaction will ROLLBACK
ROLLBACK;
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212 -- SEARCH QUERIES
214 ®  SELECT * FROM CUSTOMER WHERE CUSTOMER_email_address LIKE '¥homer.doh.simpson@gnail.con®'s
215 ®  SELECT * FROM BICYCLE WHERE BICYCLE brand LIKE '%Trek';

216 ®  SELECT * FROM SUPPLIERS WHERE SUPPLIER name LIKE ‘%ike World%';

217

ResultGrid | f] 4% Fiter Roves: |edt: @) B B | Expor/import: B i) | Wrap Cell Content: IR

CUSTOMER_ID  CUSTOMER name  CUSTOMER dob  CUSTOMER phone_number  CUSTOMER_email_address. CUSTOMER _address

[ Homer Smpson  1956-05-12 07896541259 homer. doh.simpson@gmail.com 23 Castle Strest, Cardiff, Wales
o
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218 -- Secondary Indexes to enhance performance of SEARCH QUERIES ---
219 ®  CREATE INDEX idx_customer_name ON CUSTOMER(CUSTOMER_name);

220

221

Result Grid | J 4% Fiter Rows: |edt: @) B B | Expor/import: g {8 | wrap cell content: T3
CUSTOMER_ID  CUSTOMER name CUSTOMER dob CUSTOMER phone_number ~CUSTOMER email_address ‘CUSTOMER _address

1 Homer Smpson  1956-05-12 07896541259 homer. doh.simpson@gmail.com 23 Castle Strest, Cardiff, Wales
, Fm
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SELECT * FROM ORDERS WHERE CUSTOMER_ID LIKE '¥1%';
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225 ®  CREATE INDEX idx_orders_customer_id ON ORDERS(CUSTOMER_ID);
226
227

| ResultGrid | ] 4% Fiter Rowes: edt: @4 b b | Exporyimport: E
ORDER ID  CUSTOMER ID  ORDER date TOTAL amount PAYMENT_method

» 1 1 202401-10  25.00 Credit Card
o i) [
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SELECT * FROM BICYCLE_INVENTORY WHERE BICYCLE_ID
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228 ®  CREATE INDEX idx_BICYCLE_INVENTORY_BICYCLE_ID ON BICYCLE_INVENTORY(BICYCLE_ID);
229

L—-ﬁﬁu\i 43 Fiter Rowss: | Export: B | Wrap Cell Content: T&
BICYCLE_ID _ BICYCLE_STOCK _quantity
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SELECT * FROM ACCESSORY_INVENTORY WHERE ACCESSORY_ID = 1
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229 ®  CREATE INDEX idx_ACCESSORY_INVENTORY_BICYCLE_ID ON ACCESSORY_INVENTORY(ACCESSORY_ID);
230

ResultGrid | {43 Fiter Rows: | Export: B | Wrap Cell Content: T&

ACCESSORY_ID  ACCESSORY_STOCK_quantity

» |1 150
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SELECT * FROM ORDERS WHERE ORDER_date = '2024-02-19';
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231 ®  CREATE INDEX idx_ORDERS_ORDER_date ON ORDERS(ORDER_date);
232

ResultGrid | {43 Fiter Rows: | edt: @) B B | Export/Impor
ORDER ID  CUSTOMER ID  ORDER date TOTAL amount PAYMENT_method

» 2 2 20240210 15.50 Paypal

o o o
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