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[bookmark: _Hlk501114800][bookmark: _Toc156220152]Introduction
The popular music shop Melody has sought out a backend database system through the design, creation, and implementation of Microsoft SQL Server database, creating using SQL statements. This document explains the process and design used to create the database, as well as testing the realistic data entered. Kline [1] [1, p. 1] writes:
“Various computing languages have allowed programmers and developers to access and manipulate relational data. However, few were as easy to learn or as universally accepted as SQL. Programmers and administrators now have the benefit of being able to learn a  signal language that, with minor adjustments, is applicable to a wide variety of database platforms, applications and products.”
[bookmark: _Toc156220153]Task 1: Database Creation
1) [bookmark: _Toc156220154]Database creation and backend implementation
a)  A suitable schema in this scenario was created to demonstrate relational database rules. A conceptual design which allows the viewer to understand the relationships between tables. SQL Server manager allows visibility of this database design and considers existing relationships in its creation. The user it able to see the primary key, and use of foreign keys connecting tables. Connolly and Begg [2] [2, p. 147] write that;
“Entity-Relationship modelling is a top-down approach to database design. We begin ER modelling by identifying the important data (called entities_ and relationships between the data that must be represented in the model. We then add more details such as the information we want to hold about the relationships (called attributes) and any constraints on the entities, relationships, and attributes.”
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[bookmark: _Toc156222063]Figure 1 MelodyHwb SQL schema
b) The tables were designed allow a music store database to function as accurately as possible. Realistic records have been populated within the various diagrams, allowing for querying, data manipulation and relationships to be determined. With consideration to second normal form (2NF) and third normal form (3NF), [2, p. 180] the tables have been created with primary keys, with all attributes depending on the primary key. Foreign keys [4] have also been used to demonstrate relationships between tables, indicative of referential integrity. Further there are no non-primary attributes dependant on other non-prime attributes. The various tables, identifiable through the above schema or detailed further in the file section, have been populated using insert statements. Data such as customer information, product information, sale and order details, repair, and maintenance services, have been populated to mimic realistic entries and allow further testing. 
Insert statements can be used to test constraints. For example, if the user were to test adding a duplicate entry ‘G010’ which is an existing categoryID – used as a primary key. The system should respond with an error, complaining it cannot insert a duplicate key as it’s a violation of the Primary key [3]. 
	--Check referential integrity (category primary key) - categoryID (PK), categoryName, maxPrice
INSERT INTO category (categoryID, categoryName, maxPrice) VALUES ('G010', 'Electric Guitar','5000');
-- RESULT: Msg 2627, Level 14, State 1, Line 121
--Violation of PRIMARY KEY constraint Cannot insert duplicate key in object 'dbo.category'. The duplicate key value is (G010).
--The statement has been terminated.--



Further testing of constraints includes testing the foreign key against category ID. Using the product table, if we attempt to add a category ID of G023 (when the last ID is G022) then we receive and error ‘the Insert statement conflicted with the Foreign Key constraint’ thus terminating the statement. If we attempt to set category to G023 where categoryID = G022, we again receive an error due to the conflict with the maintRepair table. 
	--Check referential integrity (product categoryID foreign key) --
INSERT INTO product (productID, itemName, itemMake, itemModel, itemDesc, price, categoryID) VALUES ('P090', 'test','test','test','test','1','G023');
--RESULT: The INSERT statement conflicted with the FOREIGN KEY constraint "Product_Category_FK". The conflict occurred in database "MelodyHwb", table "dbo.category", column 'categoryID'.
--The statement has been terminated.--
UPDATE category SET categoryID = 'G023' WHERE categoryID = 'G022';
--RESULT: The UPDATE statement conflicted with the REFERENCE constraint "Maintenance_Category_FK"'



An additional example of a constraint would be visible under customerRegistration. Currently a constraint exists where the user needs to input ‘M’ for male, or ‘F’ for female. If the user were to attempt to input ‘female’ or a random letter such as ‘s’ for example, they should receive an error. 
	CREATE TABLE customerRegistration
(customerID varchar(5) PRIMARY KEY,
 fName varchar(35)not null,
 lName varchar(35)not null,
 gender        CHAR
           CONSTRAINT Staff_genderCHK
           CHECK (gender IN ('M','F')),
--Check constraint - inputting a random letter instead of 'm' or 'f' into customerRegistration (gender) 
UPDATE customerRegistration SET gender = 's' WHERE customerID = 'C0004'
--RESULT: Msg 547, Level 16, State 0, Line 133
--The UPDATE statement conflicted with the CHECK constraint "Staff_genderCHK". The conflict occurred in database "MelodyHwb", table "dbo.customerRegistration", column 'gender'.
--The statement has been terminated.



c) A database designed to support e-commerce must be able to handle transactions. When a customer wishes to make a purchase, they must select a product, agree to the total, input payment details and if all is successful the inventory should be reduced by the relevant amount to reflect the stock amount following the purchase. Further enhancements could consider a holding area until the transaction is complete, or if a shopper wishes to continue browsing online for example, the product can move to a temporary basket to prevent other users from purchasing the item until the transaction is complete. 
With SQL Server management, if unsuccessful due to any issue, a rollback can be completed. Should the transaction end in error, the details can be printed to give an indication to the user why the transaction failed. If successful, the transaction should be reflected in the tables. 
	-- Evidence of transaction rollback and commit operations
BEGIN TRY
    BEGIN TRANSACTION; -- Start the order & payment transaction

    -- 1: Insert the order into the 'sale' table
    DECLARE @orderID varchar(5);
    SET @orderID = 'O134';

    INSERT INTO sale (orderID, customerID, orderDate, totalAmount)
    VALUES (@orderID, 'C0007', GETDATE(), 250); -- order ID, customer ID, and total amount

    -- 2: Insert order details into the 'orderDetail' table
    INSERT INTO orderDetail (orderDetailID, orderID, productID, quantity, unitPrice, subtotal)
    VALUES ('S130', @orderID, 'PO23', 1, 250.00, 250.00); -- product ID and details, quantity, unit price, and subtotal

    -- 3: Update stock quantity in the 'product' table
    UPDATE product
    SET stockQuantity = stockQuantity - 1
    WHERE productID = 'PO23'; -- product ID

    -- 4: Insert payment details into the 'payDetail' table
    DECLARE @paymentID varchar(10);
    SET @paymentID = 'PD110'; -- payment detail ID

    INSERT INTO payDetail (paymentID, orderID, payMethod, cardNumb, expDate, CVV, paymentStat)
    VALUES (@paymentID, @orderID, 'Credit Card', '1234 1234 1234 1235', '2023-12-31', '325', 'Pending'); -- payment details

    -- If everything is successful, commit the transaction
    COMMIT;
END TRY
BEGIN CATCH
    -- If there is an issue, roll back the transaction
    ROLLBACK;
    -- You can add additional error handling/logging as needed
    PRINT 'Error: ' + ERROR_MESSAGE();
END CATCH;




[bookmark: _Toc156220155]2. Documented .SQL files
1) MelodyHwb1.sql 
a) This file includes SQL code used to generate each table structure.
	2) --USE Master ;
3) --CREATE DATABASE IF NOT EXISTS MelodyHwb ;
4) --GO
5) 
6) IF NOT EXISTS(SELECT 1 FROM sys.databases WHERE name='MelodyHwb ')
7)     CREATE DATABASE MelodyHwb 
8) GO
9) 
10) --CREATE TABLES
11) 
12) USE MelodyHwb;
13) 
14) DROP TABLE IF EXISTS category;
15) CREATE TABLE  category
16) (categoryID varchar(5) PRIMARY KEY,
17)  categoryName varchar(30) not null,
18)  maxPrice int
19) );
20) 
21) 
22) DROP TABLE IF EXISTS product;
23) 
24) CREATE TABLE product
25) (productID varchar(5) PRIMARY KEY,
26)  itemName varchar(50)not null,
27)  itemMake varchar(75)not null,
28)  itemModel varchar(30)not null,
29)  itemDesc varchar(100)not null,
30)  price decimal (5,2) not null,
31)  stockQuantity int,
32)  minStock int,
33)  categoryID varchar(5), -- foreign key category table--
34)  --constraint categoryID_fk foreign key (categoryID) references category (customerID),--
35)  CONSTRAINT Product_Category_FK 
36)        FOREIGN KEY (categoryID) 
37)        REFERENCES category(categoryID)
38) );
39) 
40) DROP TABLE IF EXISTS customerRegistration;
41) 
42) CREATE TABLE customerRegistration
43) (customerID varchar(5) PRIMARY KEY,
44)  fName varchar(35)not null,
45)  lName varchar(35)not null,
46)  gender        CHAR
47)            CONSTRAINT Staff_genderCHK
48)            CHECK (gender IN ('M','F')), 
49)  DOB        DATE, 
50)  email varchar(100)not null,
51)  telNo varchar(15),
52)  address1 varchar(75),
53)  city varchar(75),
54)  postCode varchar(30)
55) );
56) 
57) DROP TABLE if EXISTS sale;
58) 
59) CREATE TABLE sale
60) (orderID varchar(5) PRIMARY KEY,
61)  customerID varchar(5),--foreign key customer table--
62)  orderDate date,
63)  totalAmount int,
64)  CONSTRAINT Sale_Customer_FK 
65)       FOREIGN KEY (customerID) 
66)       REFERENCES customerRegistration(customerID),
67) );
68) 
69) DROP TABLE IF EXISTS orderDetail;
70) 
71) CREATE TABLE orderDetail
72) (orderDetailID varchar(5) PRIMARY KEY,
73)  orderID varchar(5),--foreign key sale table--
74)  productID varchar(5),--foreign key product table--
75)  quantity int,
76)  unitPrice int,
77)  subtotal int,
78)  CONSTRAINT Order_ID_FK 
79)        FOREIGN KEY (orderID) 
80)        REFERENCES sale(orderID),
81)  CONSTRAINT Product_ID_FK 
82)        FOREIGN KEY (productID) 
83)        REFERENCES product(productID),
84) );
85) 
86) 
87) DROP TABLE IF EXISTS maintRepair;
88) CREATE TABLE maintRepair
89) (serviceID varchar(5) PRIMARY KEY,
90)  serviceDate date,
91)  serviceDesc varchar(75),
92)  serviceStatus varchar(30),
93)  customerID varchar(5), --foreign key--
94)  reminderDays int,
95)  reminderText varchar(75),
96)  reminderFreq varchar(15),
97)  categoryID varchar(5)--foreign key--
98)  CONSTRAINT Maintenance_Customer_FK 
99)      FOREIGN KEY (customerID) 
100)      REFERENCES customerRegistration(customerID),
101)  CONSTRAINT Maintenance_Category_FK 
102)      FOREIGN KEY (categoryID) 
103)      REFERENCES category(categoryID)
104) );
105) 
106) DROP TABLE IF EXISTS payDetail;
107) CREATE TABLE payDetail
108) (paymentID varchar(10) not null,
109)  orderID varchar(5) not null, --foreign key sale table --
110)  payMethod varchar(30) not null,
111)  cardNumb varchar (30),
112)  expDate date,
113)  CVV char(3),
114)  paymentStat varchar(30)
115)  CONSTRAINT Order_Pay_FK 
116)       FOREIGN KEY (orderID) 
117)       REFERENCES sale(orderID),
118) 
119) );

--Amendment to alter table (customerRegistration) to add a delivery preference.
Use MelodyHwb
ALTER TABLE customerRegistration ADD deliveryPref
VARCHAR(100);
UPDATE customerRegistration SET deliveryPref = 'Leave with neighbour' 
SELECT * FROM customerRegistration WHERE deliveryPref = 'Leave with neighbour'





b) This file includes SQL code used to create referential integrity constraints. Included as part of the table creation above, the relevant lines which include constraints have been listed below. 
	16) (productID varchar(5) PRIMARY KEY,
35) CONSTRAINT Product_Category_FK
36) FOREIGN KEY (categoryID)
37) REFERENCES category(categoryID)
38) );
43) (customerID varchar (5) PRIMARY KEY,
46) gender        CHAR
47)          CONSTRAINT Staff_genderCHK
48)          CHECK (gender IN ('M','F')), 
60) (orderID varchar (5) PRIMARY KEY,
64) CONSTRAINT Sale_Customer_FK 
65)      FOREIGN KEY (customerID) 
66) REFERENCES customerRegistration(customerID),
72) (orderDetailID varchar(5) PRIMARY KEY,
78) CONSTRAINT Order_ID_FK 
79)       FOREIGN KEY (orderID) 
80)       REFERENCES sale(orderID),
81) CONSTRAINT Product_ID_FK 
82)       FOREIGN KEY (productID) 
83)       REFERENCES product(productID),
89) (serviceID varchar(5) PRIMARY KEY,
98) CONSTRAINT Maintenance_Customer_FK 
99)     FOREIGN KEY (customerID) 
100)     REFERENCES customerRegistration(customerID),
101) CONSTRAINT Maintenance_Category_FK 
102)    FOREIGN KEY (categoryID) 
103)    REFERENCES category(categoryID)
108) (paymentID varchar(10) not null,
115) CONSTRAINT Order_Pay_FK 
116)     FOREIGN KEY (orderID) 
117)     REFERENCES sale(orderID),



c)  This file includes SQL code used to check the above created constraints. Constraints include the use or primary and foreign keys. 

	47) --CHECK CONSTRAINTS --
48) 
49) --Check referential integrity (category primary key) - categoryID (PK), categoryName, maxPrice
50) INSERT INTO category (categoryID, categoryName, maxPrice) VALUES ('G010', 'Electric Guitar','5000');
51) -- RESULT: Msg 2627, Level 14, State 1, Line 121
52) --Violation of PRIMARY KEY constraint Cannot insert duplicate key in object 'dbo.category'. The duplicate key value is (G010).
53) --The statement has been terminated.--
54) 
55) --Check referential integrity (product categoryID foreign key) --
56) INSERT INTO product (productID, itemName, itemMake, itemModel, itemDesc, price, categoryID) VALUES ('P090', 'test','test','test','test','1','G023');
57) --RESULT: The INSERT statement conflicted with the FOREIGN KEY constraint "Product_Category_FK". The conflict occurred in database "MelodyHwb", table "dbo.category", column 'categoryID'.
58) --The statement has been terminated.--
59) UPDATE category SET categoryID = 'G023' WHERE categoryID = 'G022';
60) --RESULT: The UPDATE statement conflicted with the REFERENCE constraint "Maintenance_Category_FK"'
61) 
62) --Check constraint - inputting a random letter instead of 'm' or 'f' into customerRegistration (gender) 
63) UPDATE customerRegistration SET gender = 's' WHERE customerID = 'C0004'
64) --RESULT: Msg 547, Level 16, State 0, Line 133
65) --The UPDATE statement conflicted with the CHECK constraint "Staff_genderCHK". The conflict occurred in database "MelodyHwb", table "dbo.customerRegistration", column 'gender'.
66) --The statement has been terminated.


d) This file includes database performance tuning enhancements, such as the introduction of indexing [5].
	1. create index categoryIndex
2. on category (categoryID)
3. 
4. create index productIndex
5. on product (productID)
6. 
7. create index customerIndex
8. on customerRegistration (customerID)
9. 
10. create index saleIndex
11. on sale (orderID)
12. 
13. create index orderDetailIndex
14. on orderDetail (orderDetailID)
15. 
16. create index maintRepairIndex
17. on maintRepair (serviceID)
18. 
19. create index payDetailIndex
20. on payDetail (paymentID)




File 2: MelodyHwb2.sql
a) This file includes SQL code used to populate each table, using INSERT statements, to populate each table with sample data used to mimic realistic records. 
	1. USE MelodyHwb;
2. 
3. -- populate product table - productID (PK),  itemName, itemMake, itemMake, itemDesc, price int, stockQuantity, minStock, categoryID (FK) --
4. 
5. INSERT INTO product VALUES('PO87','Les Paul Guitar','Gibson','Les Paul','5 String Guitar',500, 5,4,'G010'); 
6. INSERT INTO product VALUES('PO45','Squire Guitar','Fender','Squire','5 String Guitar',175,12,10,'G010');
7. INSERT INTO product VALUES('PO59','Telecaster Guitar','Fender','Telecaster','5 String Guitar',350,7,5,'G010');
8. INSERT INTO product VALUES('PO23','Jazz Bass Guitar','Fender','Jazz Bass','4 String Bass Guitar',250,9,5,'G012');
9. INSERT INTO product VALUES('PO16','5M58 Mic','Shure','5M58','Microphone',100,22,20,'G017');
10. INSERT INTO product VALUES('PO12','Rickenbacker Bass','Rickenbacker','4003S','4 String Bass Guitar',1500,2,1,'G012');
11. INSERT INTO product VALUES('PO36','Yahmaha Keyboard','Yahmaha','P-145','Electric Keyboard',300,16,10,'G016');
12. INSERT INTO product VALUES('PO42','Tama Drum Kit','Tama','Superstart','5 Piece Drum Kit',1000,3,2,'G014');
13. INSERT INTO product VALUES('PO49','Fender Amp','Fender','Champion','Guitar Amplifier',350,7,5,'G018');
14. INSERT INTO product VALUES('PO58','Orange Amp','Orange','Crush20','Guitar Amplifier',250,14,10,'G018');
15. INSERT INTO product VALUES('PO57','XLR Lead','Roland','XLR','XLR Lead Cable',40,32,25,'G019');
16. INSERT INTO product VALUES('PO56','10 Ft Fender Cable','Fender','Proffessional','10 Ft Guitar Cable',12,52,40,'G019');
17. INSERT INTO product VALUES('PO55','15 Ft Fender Cable','Fender','Proffessional','15 Ft Guitar Cable',15,22,40,'G019');
18. INSERT INTO product VALUES('PO52','Yahmaha Drum Kit','Yahmaha','Stage Custom','5 Piece Drumkit',1500,2,2,'G014');
19. INSERT INTO product VALUES('PO61','JBC PA','JBC','Eon One','PA Speaker',500,4,3,'G020');
20. INSERT INTO product VALUES('PO65','5BN Drum Sticks','Vic Firth','5BN','Drum Sticks',15,34,30,'G015');
21. INSERT INTO product VALUES('PO66','5B Drum Sticks','Vic Firth','5B','Drum Sticks',15,12,10,'G015');
22. INSERT INTO product VALUES('PO67','5A Drum Sticks','Vic Firth','5A','Drum Sticks',15,16,15,'G015');
23. INSERT INTO product VALUES('PO72','5AN Drum Sticks','Vic Firth','5AB','Drum Sticks',15,27,20,'G015');
24. INSERT INTO product VALUES('PO73','Elixer Guitar Strings','Elixir','Nickel Plated Steel','Guitar Strings',15,37,30,'G011');
25. INSERT INTO product VALUES('PO74','Super Slinky Guitar Strings','Ernie Ball','Super Slinky','Guitar Stringss',15,27,20,'G011');
26. INSERT INTO product VALUES('PO75','Hybrid Slinky Guitar Strings','Ernie Ball','Hybrid Slinky','Guitar Strings',15,46,30,'G011');
27. 
28. SELECT * FROM product
29. 
30. -- populate cutomer table - customerID (PK),fName, lName, gender, DOB, email, telNo, add, city, PostCode -- 
31. 
32. USE MelodyHwb;
33. INSERT INTO customerRegistration VALUES('C0001','Bob','Jones','M','1982-01-02','bobjones82@bmail.com','07124589963','26 Cleer Rd','Swansea','SA1 4EH');
34. INSERT INTO customerRegistration VALUES('C0002','Steve','Smith','M','2006-06-06','steveysmithey17@bmail.com','07253614981','12 Argyle St', 'Aberdare','AB1 3GU');
35. INSERT INTO customerRegistration VALUES('C0003','Lee','Lewis','M','2002-03-27','lewislegend@bmail.com','07236254981','16 Hen Heol','Carmarthen','SA14 8BC');
36. INSERT INTO customerRegistration VALUES('C0004','Claire','Cannon','F','1999-08-12','ccannonn78@bmail.com','07645321289','151 Dre Hill', 'Swansea','SA4 1CD');
37. INSERT INTO customerRegistration VALUES('C0005','Rachel','Riot','F','1989-05-11','riotrachelriot@bmail.com','07235689143','45 Mayhill', 'Swansea','SA2 6EF');
38. INSERT INTO customerRegistration VALUES('C0006','Barbra','Bass','F','1967-10-09','bassbarbra42@bmail.com','075698223651','6 Queen Street', 'Carmarthen','SA14 7JK');
39. INSERT INTO customerRegistration VALUES('C0007','Aidan','Adams','M','1993-04-09','aidanadamamam93@bmail.com','075646546651','21 Wern Y Clos', 'Swansea','SA4 0ZX');
40. 
41. SELECT * FROM customerRegistration;
42. 
43. -- populate sale table - (orderID (PK), customerID (FK), orderDate, totalAmount -- 
44. USE MelodyHwb;
45. INSERT INTO sale VALUES('S123','C0001','2023-01-26',175);
46. INSERT INTO sale VALUES('S124','C0002','2023-02-12',350);
47. INSERT INTO sale VALUES('S125','C0003','2023-03-06',1530);
48. INSERT INTO sale VALUES('S126','C0004','2023-03-24',500);
49. INSERT INTO sale VALUES('S127','C0002','2023-04-15',250);
50. INSERT INTO sale VALUES('S128','C0005','2023-05-27',300);
51. INSERT INTO sale VALUES('S129','C0006','2023-06-18',15);
52. 
53. SELECT * FROM sale;
54. 
55. -- populate orderDetail table - orderDetailID (PK), orderID (FK sale table), productID (FK product table), quantity, unitPrice, subtotal
56. USE MelodyHwb;
57. INSERT INTO orderDetail VALUES('O123','S123','PO45','1','175','175');
58. INSERT INTO orderDetail VALUES('O124','S124','PO59','1','350','350');
59. INSERT INTO orderDetail VALUES('O125','S125','PO52','1','1500','1500');
60. INSERT INTO orderDetail VALUES('O126','S125','PO65','2','15','30');
61. INSERT INTO orderDetail VALUES('O127','S125','PO58','1','250','250');
62. INSERT INTO orderDetail VALUES('O128','S126','PO87','1','500','500');
63. INSERT INTO orderDetail VALUES('0129','S127','PO58','1','250','250');
64. INSERT INTO orderDetail VALUES('0130','S128','PO36','1','300','300');
65. INSERT INTO orderDetail VALUES('0131','S129','PO73','2','15','30');
66. 
67. SELECT * FROM orderDetail;
68. 
69. -- populate maintRepair table - serviceID (PK), serviceDate, serviceDesc, serviceStatus, customerID  (FK customer table), reminderDays, reminderText, reminderFreq, categoryID (FK category table)
70. USE MelodyHwb;
71. INSERT INTO maintRepair VALUES('M0010','2023-07-20','Guitar Tuning Demo','Complete','C0001','2','This is a reminder for your upcoming maintenante appointment','One time','G022');
72. INSERT INTO maintRepair VALUES('M0011','2023-08-16','Drum tuning and skin replacement','In progress','C0003','2','This is a reminder for your upcoming maintenante appointment', 'Annual','G022');
73. INSERT INTO maintRepair VALUES('M0012','2023-09-19','Keyboard repair','Not Started','C0005','5','This is a reminder for your upcoming repair appointment','One time','G021');
74. INSERT INTO maintRepair VALUES('M0013','2023-10-30','Bass Guitar bridge repair','Not Started','C0007','1','This is a reminder for your upcoming repair appointment', 'One time','G021');
75. 
76. SELECT * FROM maintRepair;
77. 
78. -- populate category - categoryID (PK), categoryName, maxPrice
79. USE MelodyHwb;
80. INSERT INTO category VALUES('G010','Guitar 5 String','2000');
81. INSERT INTO category VALUES('G011','Guitar Accessory','60');
82. INSERT INTO category VALUES('G012','Bass Guitar 4 String','2000');
83. INSERT INTO category VALUES('G013','Bass Guitar Accessory','60');
84. INSERT INTO category VALUES('G014','Drum Kit 5 piece','3000');
85. INSERT INTO category VALUES('G015','Drum Kit Accessory','300');
86. INSERT INTO category VALUES('G016','Electric Keyboard','1000');
87. INSERT INTO category VALUES('G017','Microphone','300');
88. INSERT INTO category VALUES('G018','Amplifier','1000');
89. INSERT INTO category VALUES('G019','Cable','100');
90. INSERT INTO category VALUES('G020','Speaker','1000');
91. INSERT INTO category VALUES('G021','Repair Service','1000');
92. INSERT INTO category VALUES('G022','Maintenance Service','1000');
93. 
94. SELECT * FROM category;
95. 
96. -- populate payDetail table - paymentID (PK), orderID (FK sale table), payMethod, cardNumb, expDate, CVV, paymentStatus
97. 
98. USE MelodyHwb
99. --(paymentID, orderID, payMethod, cardNumb, expDate, CVV, paymentStat)--
100. INSERT INTO payDetail VALUES('PD101', 'S129', 'credit card', '8900-6540-7890-0987', '2029-08-16', '789', 'Pending');
101. INSERT INTO payDetail VALUES('PD102', 'S123', 'credit card', '4100-1230-1234-4321','2025-07-08', '123', 'Cancelled');
102. INSERT INTO payDetail VALUES('PD103', 'S124', 'visa debit', '0064-3210-2345-5432','2027-03-12', '234', 'Complete');
103. INSERT INTO payDetail VALUES('PD104', 'S125', 'pay pal', '0026-1230-6543-3456','2026-01-11', '345', 'Complete');
104. INSERT INTO payDetail VALUES('PD105', 'S126', 'visa debit', '0014-4320-4567-7654','2030-03-08', '456', 'Complete');
105. INSERT INTO payDetail VALUES('PD106', 'S127', 'visa debit', '0750-2340-5678-8765','2024-02-06', '567', 'Complete');
106. INSERT INTO payDetail VALUES('PD107', 'S128', 'pay pal', '1700-0000-4560-8765','2028-08-10', '678', 'Complete');
107. INSERT INTO payDetail VALUES('PD108', 'S129', 'credit card', '8900-6540-7890-0987','2029-08-11', '789' ,'Pending');
108. 
109. SELECT * FROM payDetail;




b) This file includes SQL code used to further test and validate constraints; evidence is visible below. These constraints include comparing the min stock against stock quantity. Stock quantity should be greater than or equal to the minimum stock specified. 
	1. --TEST: Validate Constraints 
2. 
3. Use MelodyHwb
4. -- show all products where the stock quantity is less than or equal to the set minimum stock amount -- 
5. SELECT * FROM product WHERE stockQuantity <= minStock;
6. 
7. --update records where stock quantity is less than minimim requirment -- 
8. UPDATE product
9. SET stockQuantity = 3
10. WHERE productID = 'PO52';
11. UPDATE product
12. SET stockQuantity = 45
13. WHERE productID = 'PO55';
14. 
15. -- add constraint that stock quantity must be greater than or equal to minimum stock -- 
16. 
17. ALTER TABLE product
18. ADD CONSTRAINT CK_Stock_MinStock CHECK (stockQuantity >= minStock);
19. -- test setting stock quantity to less than min stock - should show The UPDATE statement conflicted with the CHECK constraint "CK_Stock_MinStock". 
20. --The conflict occurred in database "MelodyHwb", table "dbo.product".--The statement has been terminated.)--
21. UPDATE product
22. SET stockQuantity = 1
23. WHERE productID = 'PO52';
24. 
25. --- how to drop a check
26. ALTER TABLE product
27. DROP CONSTRAINT CK_Stock_MinStock
28. 
29. 



c) This file includes SQL code used to demonstrate transaction commit operations and roll back.
	1. -- Evidence of transaction rollback and commit operations
2. BEGIN TRY
3.     BEGIN TRANSACTION; -- Start the order & payment transaction
4. 
5.     -- 1: Insert the order into the 'sale' table
6.     DECLARE @orderID varchar(5);
7.     SET @orderID = 'O134';
8. 
9.     INSERT INTO sale (orderID, customerID, orderDate, totalAmount)
10.     VALUES (@orderID, 'C0007', GETDATE(), 250); -- order ID, customer ID, and total amount
11. 
12.     -- 2: Insert order details into the 'orderDetail' table
13.     INSERT INTO orderDetail (orderDetailID, orderID, productID, quantity, unitPrice, subtotal)
14.     VALUES ('S130', @orderID, 'PO23', 1, 250.00, 250.00); -- product ID and details, quantity, unit price, and subtotal
15. 
16.     -- 3: Update stock quantity in the 'product' table
17.     UPDATE product
18.     SET stockQuantity = stockQuantity - 1
19.     WHERE productID = 'PO23'; -- product ID
20. 
21.     -- 4: Insert payment details into the 'payDetail' table
22.     DECLARE @paymentID varchar(10);
23.     SET @paymentID = 'PD110'; -- payment detail ID
24. 
25.     INSERT INTO payDetail (paymentID, orderID, payMethod, cardNumb, expDate, CVV, paymentStat)
26.     VALUES (@paymentID, @orderID, 'Credit Card', '1234 1234 1234 1235', '2023-12-31', '325', 'Complete'); -- payment details
27. 
28.     -- If everything is successful, commit the transaction
29.     COMMIT;
30. END TRY
31. BEGIN CATCH
32.     -- If there is an issue, roll back the transaction
33.     ROLLBACK;
34.     -- You can add additional error handling/logging as needed
35.     PRINT 'Error: ' + ERROR_MESSAGE();
36. END CATCH;
37. 
38. --if the above is ran twice, it should not work as primary keys will no longer be unique. 
39. --RESULT: (0 rows affected)
40. --Error: Violation of PRIMARY KEY constraint 'PK__sale__0809337DBF3F5A76'. Cannot insert duplicate key in object 'dbo.sale'. The duplicate key value is (O134).
41. --Completion time: 2024-01-15T10:33:41.7754360+00:00
d) 



[bookmark: _Toc156220156]3. Zip File
For submission a compressed Zip file has been created of the above completed .sql files. 
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[bookmark: _Toc156220157]Task 2: Problem Solving and Documenation

When evaluating the performance in the MelodyHwb database, issues were identified and some potential solutions to optimise performance are suggested below. 
Indexing Strategies: 
Query Optimisation techniques:
Performance Enhancement methods:

1. [bookmark: _Toc156220158]Entity-relationship diagram
The Entity-relationship diagram (ERD) created showcases the database schema and relationships between tables. This can be used as a conceptual overview, used to enhance the viewers understanding.
[image: A screenshot of a computer

Description automatically generated]
2. [bookmark: _Toc156220159]Description of each table, field names, data types, constraints
[bookmark: _Toc156220160]Table: product
Attributes: productID (PK), itemName, itemMake, itemMake, itemDesc, price int, stockQuantity, minStock, categoryID (FK). 
In this table, product key acts as the primary key, variable characters have been used for productID, categoryID (used as a foreign key), item name, make, model and description as these fields will be populated with letters and numbers, essentially free text. Price has been set up as a decimal, stock quantity and minimum stock have been set to user integers as this should only be populated by whole numbers. Several fields have also been specified as ‘not null’ if considered required mandatory fields. The product table is central in allowing integration with an e-commerce platform. As a music store, there needs to be musical items for sale. These musical items require a unique identifier, descriptions, prices, quantities, and inventory management. By including a minimum stock requirement, this can be compared with stock quantity to generate alerts when stock is running low. Stock will be automatically updated through the use of transactions. Additional categories including item make and model will allow for future reporting and analytics, and marketing campaigns. If a customer has purchased a Fender guitar, perhaps they would be interested in other Fender products allowing for brand loyalty consideration and effected marketing campaigns. For example, guitars may prove more popular to a certain customer demographic.
[bookmark: _Toc156220161]Table: customerRegistration
Attributes: The customer registration table contains the following attributes: customerID (PK),first name, last name, gender, DOB, email, contact number, address , city, and post code
The exception of ‘DOB’ which has been set up to use the date data type, gender which user char (with additional constraints to be populated with either ‘m’ or ‘f’ for standardised data) the remaining attributed have been set to use the variable character data type, allowing varying lengths of text. Email for example will have more characters than customerID and therefore has been set to (100) to allow enough space for characters, whilst a product ID will stick to less characters as we know in advance the format used as standard. The Customer table has relationships with may of the other tables. Including sale and order detail which also need to have relationships with corresponding products. Customers can also request maintenance and repair services and are thus also linked with the maintRepair table. Finally, to complete a purchase, payDetails are required in correspondence with sale and order details, if all successful the transaction can be completed. By utilising the customerID as a foreign key against the saleID, querying would allow to view customer purchase history, indicative of customers preferences, which can then be used in targeted promotions. For example, a customer who bought a drumkit, is more likely to be interested in drum accessories than guitar accessories. Contact information which can be utilized to create shipping labels, 

[bookmark: _Toc156220162]Table: sale
Attributes: The sale table contains the following attributes orderID (PK), customerID (FK), orderDate, totalAmount. 
Sale was chosen as order (e.g. order by) is a reserved word within SQL. orderID has been used as a primary key, customerID as a foreign key. Order date has been set up to use the date datatype, as suggested only a date should be inputted into this field, total amount was initially set to use the ‘integer’ data type but upon reflection was amended to use decimal (5,2) to reflect the product table and potential for change in British pounds and pence. Sale has relationships with several other tables, primarily it needs a customer to make the sale and relies upon customer details. Additionally, the completion of a sale should adjust the stock Quantity in the product table, as well as being able to provide details about the product to enable shipping and re-stock. Sale can also be used to understand customer purchasing habits either at an individual level, or by age, gender or preferences displayed through product sale fulfilment. Also, useful when reviewing store performance looking at total profit, incoming and outgoing finances. 
[bookmark: _Toc156220163]Table: orderDetail 
Attributes: serviceID (PK), serviceDate, serviceDesc, serviceStatus, customerID (FK customer table), reminderDays, reminderText, reminderFreq, categoryID (FK category table)
The primary key in this table with be orderDetaiID, orderID establishes a relationship with the sale table as the foreign key, whilst productID is used as the foreign key to establish a relationship with the product table. The orderID establishes a relationship between the sale and customer. The three keys are set to use varchar. Quantity, unitPrice, and subtotoal were initially set to use the integer data type, but upon reflection price and subtotal were amended to decimals (5,2) to be more suited to British pounds. 
[bookmark: _Toc156220164]Table: maintRepair
Attributes:  serviceID (PK), serviceDate, serviceDesc, serviceStatus, customerID (FK customer table), reminderDays, reminderText, reminderFreq, categoryID (FK category table) 
ServiceID is used as the primary key in this table and applies to both repairs and maintenance services, these are distinguishable by the categoryID used as a foreign key with a relationship to the category table. ServiceID, customerID and catetoryID are set to use the varchar data type, with a limitation of 5 characters. It was opted to exclude productID as a foreign key as this could lead to system limitations should a customer wish to repair or maintain a product bough elsewhere. The service date is predictably set to use the date data type and will act at the date the service is due to take place. Service description, servicer status (e.g. outstanding, complete or in progress), reminder Text, and reminder frequency (e.g. annual reminders) are set to variable characters or varying lengths. The reminder text should be sent x days before the service date, x is determined by reminder days set to the integer data type. 
[bookmark: _Toc156220165]Table: category
Attributes: categoryID (PK), categoryName, maxPrice
The categoryID serves as the primary key in this table and is used as a foreign key within other tables, it is set to use the varchar data type as is the categoryName. category table servers to add context to the other tables. It allows distinguishment between a repair or maintenance service. It also enables future promotions, for example the user may wish to target customers who have bought guitars with ads which feature guitar accessories. It will also allow the user to determine if a customer is purchasing products or services. Max price is set to use the integer data type and has the potential to be utilised in future with additional constraints as the inventory grows, an accessory for example is likely to fall within a smaller price range than an instrument and potential input errors could be captured by introducing a price limit. 
[bookmark: _Toc156220166]Table: payDetail
Attributes: paymentID, orderID, payMethod, cardNumb, expDate, CVV, paymentStat
Whilst orderID acts as a forgein key establishing a relationship with the sale table, paymentID acts as the unique primary key, both are set to varchar. The payment is able to link back to the customer through the sale table. Payment method, cardnumber (typically formatted 0000-0000-0000-0000) and payment status are set to variable charters. Expiery date is set to use the date data type, whilst CVV is predictable 3 characters so char(3) has been utilised. As part of a transaction, payDetail should be populated and payStatus set to ‘complete’ if able to commit. PayDetails is perhaps the most sensitive of the tables alongside customer registration as it contains data which can be exploited if intercepted. Further considerations should be given to additional security measures. 
	Connolly and Begg [2] [2, p.148] write:
“A relationship is a set of associations between participating entities. As with entities, each association should be uniquely identifiable within the set. A uniquely identifiable association is called a relationship occurrence.”




[bookmark: _Toc156220167]Further Enhancements
[bookmark: _Toc501113968][bookmark: _Toc156220168]Security
Additional security measures [6] should focus on limiting data access. User login should be created to restrict access. Various logins could be created to restrict views, an administrator should have the level of understanding to make any changes within SQL, perhaps an employee will have restricted access able to add customers or initiate transactions. Customers should have limited access allowing them to view their own details, leave delivery instructions, track orders and view a purchase history, 
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[bookmark: _Toc501113969][bookmark: _Toc156220169]Data Validation
Additional data validation should implement mechanisms to prevent invalid or malicious data. For example, a customer shouln’t be able to attempt to purchase more product than in currently in stock. Some validation can be achieved through constraints, gender for example is limited to one of two inputs. Data types such as variable characters, dates, integers and decimals should be used appropriately, decimals for pricing and so on. Referential integrity also plays a significant role in data validation. 
	[bookmark: _Toc156220170]User Experience
Customers will likely need to browse products, add to basket, purchase more than one item if required, register personal details such as name, contact details, address, view purchase history and track orders. With the assurance their data is secure and protected, with consideration to GDPR. 
	[bookmark: _Toc156220171]Architecture Functionality
Scalability will need to be considered. The tables may be suitable for expanding data volume, but considerations will need to be made for user load. Additional complexity may arise from restricting user views, perhaps adding an employee table to control such restrictions. Reliability and accessibility are sure to rely on sufficient backups taking place. Periodic full system back ups should be made, with differential backups made daily to capture changes made since the last full backup. Should demand require, consider additional transaction log backups to allow point-in-time to recover.

	[bookmark: _Toc156220172]Deployment Instructions
Find the SQL files:
MelodyHwb1 and MelodyHwb2 within the zip folder. Open the sql files within SQL server manager. Highlight the relevant sections, for example begin creating one table at a time, and hit execute. Once the tables have been created using MelodyHwb1, the insert statements from MelodyHwb2 can be executed to populate the tables. It’s recommended to execute and commit table create and value population before attempted to execute the constraint checks as some are intentionally written to generate errors to test primary key unique constraints for example. 



[bookmark: _Toc156220173]Conclusion
Whilst the initial structure has been created and serves its purpose and intended function, it could be expanded upon. More queries and subqueries can be written to test and validate the data and produce various reports to gain insight into business performance and customer desires. Further consideration needs to be given to security, backing up the data in particular. The initial constraints and structure should meet the requirements for third normalisation, sometimes denormalization can be considered to run more efficiently but is something to consider as part of scalability. Further constraints could be added, for example a total should be the total using the subtotal from orderDetails, whilst subtotal should be referencing the product table rather than manual inputs. A check could be implemented to make sure these values align. Other reporting and marketing should be possible from the existing contents and design, meeting many of the requirements sought out by MelodyHwb. 
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