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1. [bookmark: _Toc93060300]SQL VS. NOSQL
Traditional database storage systems have been based on the relational model. Named after the language used to query them, these database systems are commonly referred to as SQL databases [1]. Non-relational databases, on the other hand, have grown in popularity in recent years. These databases are referred to as NoSQL databases, explicitly distinguishing them from standard SQL databases. These are mostly built on storing basic key-value pairs on the idea that simplicity contributes to speed. 
Both SQL and NoSQL are database options that are viable, however there are distinct differences between each, which is important to understand when making decisions about which one to use [1]. 
A. Database Architecture
The main difference between SQL and NoSQL is that SQL is based around a relational database model, whilst NoSQL is based around a non-relational database model. 
B. Database Schema and Query Language
SQL databases contain a pre-defined Schema when it comes to the definition and manipulation of data and utilise a structured query language. 
SQL is often seen as a reliable option as it can be used for multiple use cases due to it being one of the most versatile query languages. It is ideal for queries which are complex. Nevertheless, SQL has the problem of being overly restrictive as predefined schemas must be used in determining the data structure before working with it. Data must be entirely organised in the same way. This procedure demands extensive planning ahead of time. If the data structure ever needs changing, it would be disruptive and difficult towards the whole system. 
On the other hand, the schemas of NoSQL databases are often highly flexible. A flexible schema means changes can be easily made to the database as needs evolve. New application features can be iterated quickly and integrated continuously for providing value to clients at a faster pace [2]. Data is also stored in a variety of ways, such as column based, graph based, or document oriented. 
C. Database Scaling
In most cases, SQL databases are scaled-up vertically. By adding extra RAM, SSD, or CPU capacity, the demand on a single server may be increased. NoSQL databases are scaled out horizontally. Sharding, which adds multiple servers to your NoSQL database, means a greater demand can be managed. Because scaling-out horizontally offers a higher total capacity than scaling-up vertically, NoSQL databases are the preferable solution for data sets which are large and changed frequently. 
D. Data Structure
SQL uses a table-based structure, whereas NoSQL databases uses a wide-column, graphical, key-value stores, or document structure. 
E. Ideal Use Cases
SQL databases excel in multi-row transactions, whilst NoSQL excels at unstructured data such as JSON or documents. In addition, SQL databases are often utilised for older systems with a relational structure. 

[bookmark: _Ref19457317][bookmark: _Toc93060301]

2. PERFORMANCE TUNING
A secondary index allows entries in a database to be retrieved more efficiently with the use of some info other than the primary key (usually the key that is used) [3]. The EcoBikes database provides a list of customer information, each with their own Customer ID number which is unique to each record. The lists of customers serve as the database's primary key.
A. [bookmark: _Toc35890428][bookmark: _Toc93060302]Secondary Index on First Name and Last Name
The primary key in the database is the customer ID, however this information may not be available to the customer. As a result, a member of staff would have to find a customer's information using a different method; by using the customer's surname and first name. The LastName and FirstName fields were used as secondary keys in a secondary index, as shown in Figure 1. 
[image: ]
[bookmark: _Ref92970214][bookmark: _Toc93059812]Figure 1: Customer Name Index
When inserting or deleting data from a table, the secondary index must also be changed, meaning insertion and deletion will take a longer time. A greater number of queries would be performed using the last name of the customer than the data in the tables would be changed. Even though customers will be added to the database on a regular basis, the employees at Eco Bikes will carry out more queries.
Eco Bikes would benefit from accessing the data through another column, thus a secondary index for the last name was made, whilst the clustered index is CustomerID. From the standpoint of a member of staff, inserting data into the database with a secondary index works the same as it does without a secondary index. 
If the columns last name and first name combined in a WHERE clause are queried [4], the index will speed up the execution time of the query. A query used to look up customer details, such as for the name Jones Iwan, would be quickly executed by indexing the last name and the first name together.
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[bookmark: _Toc93059813]Figure 2: Query to search for the customer Iwan Jones.
Since both fields are queried rather than just one, the index allows the database to exclude other rows, reducing the amount of rows to be processed. Customers with the last name ‘Jones’ outnumber those with the last name 'Jones' and the first name 'Iwan' in the database. Since a single query may only utilise one index for each table, if a different index was constructed for first and last names, the database would only choose one of the indexes. 
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[bookmark: _Toc93059814]Figure 3: Query for customers with the last name "Jones".
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[bookmark: _Toc93059815]Figure 4: Results for querying by the surname "Jones".
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[bookmark: _Toc93059816]Figure 5: Query for customers with the last name "Jones", and first name "Iwan".
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[bookmark: _Toc93059817]Figure 6: Results for querying by the surname "Jones", and first name "Iwan".
The WHERE clause specifies which columns in the table should be shown, which is advantageous as it means the number of rows returned can be limited. Since most database searches consist of looking for a certain customer, this index is appropriate for Eco Bikes to locate specific records.
B. [bookmark: _Toc35890429][bookmark: _Toc93060303]Secondary Index on Shop Name
The index data is kept in a separate table than the secondary index data, although both can be placed in the same or different areas [5]. Whenever records are entered into a table, the information contained in the index columns is copied and inserted into the index area. As a result, if data in a column is changed in a table and that column is part of an index, SQL server must also change the data in the index, resulting in two updates instead of one. Even though this may result in a decrease in data-modification performance, the adoption of an index which is appropriate will compensate by enhancing performance of data-retrieval. 
As a result, data which is low maintenance, specifically columns that would not be updated regularly, might be utilised as an index and would be an appropriate choice for an index. If SQL server performs less disk writes, the database will perform quicker. Since the Shop table’s data will be fetched more frequently than it will be changed, indexing the column Shop Name will enhance overall performance. 
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[bookmark: _Toc93059818]Figure 7: Shop Name Index.
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[bookmark: _Toc93059819]Figure 8: Query to search for details about the Swansea branch.
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[bookmark: _Toc93059820]Figure 9: Query results for the Swansea branch.
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[bookmark: _Toc93059821]Figure 10: Query to search for details about the Bridgend branch.
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[bookmark: _Toc93059822]Figure 11: Query results for the Bridgend branch.

C. [bookmark: _Toc35890430][bookmark: _Toc93060304]Foreign Key Secondary Index on CustomerID
Foreign keys and primary keys are different but connected [6]. Foreign keys enforce the referent's integrity and maintains the relationship.
SQL Server does not construct indexes on foreign keys automatically. Nevertheless, an index on a foreign key column was built since SQL Server recognises the values in the foreign key when connected with the parent table. This referential constraint was introduced to the database as it is an important usage of an index since certain actions are bound by the data that exists. 
In the RentalDetails table, the CustomerID column serves as the foreign key, storing information on the customer's bike rental booking. If a new customer is added to the Customer database, then a row for a rental booking in table RentalDetails is required, however the insertion of a row into RentalDetails means a CustomerID row that correlates must exist in the Customer table.
If records are removed, a CustomerID record from the RentalDetails table can be deleted; however, if a row from the Customer table is deleted, the matching rows from RentalDetails must be removed beforehand. The referential constraint means the deletion of a customer record is prevented while other data, i.e., the rental details information, is still there. With SQL Server, the index was generated on the foreign columns since the column holding the foreign key value must be identified because it is attached to the parent table. 
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[bookmark: _Toc93059823]Figure 12: DELETE Statement for Customer with the ID 'C1004'.
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[bookmark: _Toc93059824]Figure 13: Error message showing the DELETE Statement conflicted with the foreign constraint.
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[bookmark: _Toc93059825]Figure 14: Query for the customer with the ID 'C1004'.
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[bookmark: _Toc93059826]Figure 15: Query results for the customer ID of 'C1004'.

A similar index can also be made for the tables RepairDetails and SalesDetails.
[bookmark: _Toc93060305]

3. TRANSACTION
In the context of Databases, a transaction is where a single user or program performs an operation, or a set of actions, that reads or changes the database's contents [7].
A transaction was created for the EcoBikes database to facilitate the process for customers to trade bikes. The transaction adds a new customer to the database, inserts a new row into the bike table, inserts a new sales detail field, and changes the availability of the sold bike. Finally, a “receipt” is displayed, showing the bike details for both the bike sold and the bike that was bought, and the card information of the customer. 
[image: Graphical user interface, text, application, email
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Figure 16: Transaction for the process of bike trading.
[bookmark: _Toc93060306]

4. [bookmark: _Toc93060307]DISTRIBUTED DATABASE SOLUTION
A. Horizonal Fragmentation
Horizontal fragmentation can be used on the column ShopID. This would imply that each shop branch would see only information that was relevant to them. Replicating relationships across all shop locations would result in a database with only a few records per location [8]. 
On the Eco Bikes database, horizontal fragmentation might be used for grouping the data in the Bike table that are utilised together by the transaction. A predicate creates the horizontal fragments and performs a limitation on the records in the table, such as in a SQL SELECT statement's WHERE clause. If the condition stated in a WHERE clause is TRUE, records would be returned by the SELECT statement. The Eco Bikes database is queried via a query transaction. A program specifies queries where predicates exist that returns TRUE or FALSE as a response. A predicate may be simple having only one column or complicated, containing several columns. Figure 16 shows a horizontal fragmentation of the Bike table by ShopID.
B1: SELECT * FROM Bike
WHERE ShopID = 'Sh01';
B2: SELECT * FROM Bike
WHERE ShopID = 'Sh02';
B3: SELECT * FROM Bike
WHERE ShopID = 'Sh03';
B4: SELECT * FROM Bike
WHERE ShopID = 'Sh04';
[bookmark: _Ref92976286][bookmark: _Toc93059827]Figure 17: Horizontal Fragmentation of Bike table by ShopID.
This results in four fragments: B1, B2, B3, and B4. As indicated in Figures 17 – 20, each fragment is made up of records from that specific shop branch. Since each shop branch will have its own application to deal with bike details, fragmenting the records in this way might be helpful. 
B1: ShopID = ‘Sh01’ (Bike)
[image: ]
[bookmark: _Ref92990728][bookmark: _Toc93059828]Figure 18: Results of B1 horizontal fragmentation.
B2: ShopID = ‘Sh02’ (Bike)
[image: ]
[bookmark: _Toc93059829]Figure 19: Results of B2 horizontal fragmentation.
B3: ShopID = ‘Sh03’ (Bike)
[image: ]
[bookmark: _Toc93059830]Figure 20: Results of B3 horizontal fragmentation.
B4: ShopID = ‘Sh04’ (Bike)
[image: ]
[bookmark: _Ref92990763][bookmark: _Toc93059831]Figure 21: Results of B4 horizontal fragmentation.
Reconstruction: UNION: Original Bike Relation = B1  (union) B2   (union) B3  (union) B4
[bookmark: _Toc93059832]Figure 22: Reconstruction of the bike relation from the fragments.

B. [bookmark: _Toc35890433][bookmark: _Toc93060308]Vertical Fragmentation
Vertical fragmentation divides a table's columns or fields into fragments that are utilised depending on how frequently a user queries it [8]. 
For instance, if the Staff table with NINo, FirstName, LastName, Address, DOB, Sex, JobRole, HireDate, ShopID, HourlySalary, TaxCode is considered. The Staff table's vertical fragmentation might be used by dividing the table into separate tables through the use of Staff columns.
S1: SELECT NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID
FROM Staff;
S2: SELECT NINo, HireDate, HourlySalary, taxCode
 FROM Staff;
[bookmark: _Toc93059833]Figure 23: Vertical Fragmentation by staff personal details (S1) and staff payroll details (S2)

S1:  NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID (Staff)

[image: Text
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[bookmark: _Toc93059834]Figure 24: Results of S1 vertical fragmentation.
S2:  NINo, HireDate, HourlySalary, taxCode (Staff)
[image: Table
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[bookmark: _Toc93059835]Figure 25: Results of S2 vertical fragmentation.
This results in two fragments: S1 and S2. NINo which is the primary key is present in all fragments, allowing the reconstruction of the original Staff table. Vertical fragmentation within the Eco Bikes database is advantageous as there are rarely times where both staff personal details and staff payroll details are needed at the same time. Furthermore, since the fragments make the table smaller than the original, performance is enhanced.
Reconstruction: JOIN: Original Staff Relation = S1  ⋈  (natural join) S2  ⋈  (natural join) S3  ⋈  (natural join) S4
[bookmark: _Toc93059836]Figure 26: Reconstruction of the staff relation from the fragments.

C. Mixed Fragmentation
Mixed fragmentation is necessary for the EcoBikes database when horizontal or vertical fragmentation on its own is insufficient to distribute data. 
EcoBikes might horizontally fragment S1, by the ShopID – the database has four shop branches – in addition to vertically fragmenting staff personal details, and staff payroll details. 
S11: SELECT NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID
FROM Staff
WHERE ShopID = ‘Sh01’;
S12: SELECT NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID
FROM Staff
WHERE ShopID = ‘Sh02’;
S13: SELECT NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID
FROM Staff
WHERE ShopID = ‘Sh03’;
S14: SELECT NINo, FirstName, LastName, Address, DOB, Sex, JobRole, ShopID
FROM Staff
WHERE ShopID = ‘Sh04’;
[bookmark: _Toc93059837]Figure 27: Mixed Fragmentation of the S1 fragment by ShopID.

S11: ShopID='Sh01' (S1)
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[bookmark: _Toc93059838]Figure 28: Results of S11 mixed fragmentation.
S12: ShopID='Sh02’ (S1)
[image: ]
[bookmark: _Toc93059839]Figure 29: Results of S12 mixed fragmentation.
S13: ShopID='Sh03' (S1)
[image: ]
[bookmark: _Toc93059840]Figure 30: Results of S13 mixed fragmentation.
S14: ShopID='Sh04' (S1)
[image: ]
[bookmark: _Toc93059841]Figure 31: Results of S14 mixed fragmentation.

Reconstruction: Natural JOIN and UNION: Original Staff Relation = S1 ⋈ (S11  S12  S13  S14)
[bookmark: _Toc93059842]Figure 32: Reconstruction of the S1 staff relation from the fragments.

D. [bookmark: _Toc35890434][bookmark: _Toc93060310]Derived Fragmentation
Derived fragmentation is when one table's constraints are used to fragment one other table. Primary and foreign keys connect the two tables, and an Owner-Member relationship is constructed. If a table is independent from other tables, primary horizontal fragmentation is employed. In most circumstances, however, the database must be fragmented in its entirety. Whenever tables use the concept of foreign keys to link to another table, data placed in the record's foreign key field also must be available within its own table. In this scenario, neither the parent nor the child tables could be fragmented. If fragmentation of the tables was carried out independently, the presence of the values in the parent table would have to be confirmed each time data is entered. As a result, Primary Horizontal Fragmentation is not an option.
When a join of numerous tables is required by an application, if the tables are stored in separate locations, there might be a significant cost in processing the join. In this scenario, it would be more convenient to have all of the tables or pieces of tables in one place. This is accomplished by the use of derived horizontal fragmentation. The primary key, which is the target, is contained in the parent table, while the foreign key is contained in the child table.

RD1:  SELECT rd. * FROM RentalDetails AS rd, Bike AS b
WHERE rd.BikeID = b.BikeID;
RD2:  SELECT rd. * FROM RentalDetails AS rd, Bike AS b
WHERE rd.BikeID = b.BikeID;
RD3: SELECT rd. * FROM RentalDetails AS rd, Bike AS b
WHERE rd.BikeID = b.BikeID;
RD3: SELECT rd. * FROM RentalDetails AS rd, Bike AS b
WHERE rd.BikeID = b.BikeID;
[bookmark: _Toc93059843]Figure 33: Derived Horizontal Fragmentation of the Rental Details table by BikeID.

RD1 = RD ⊳BikeID B1 (B1 is a horizontal fragment BikeID=B01)
[image: A picture containing text, orange
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[bookmark: _Toc93059844]Figure 34: Results of RD1 Derived Fragmentation.
RD1 = RD ⊳BikeID B1 (B1 is a horizontal fragment BikeID=B02)
[image: ]
[bookmark: _Toc93059845]Figure 35: Results of RD2 Derived Fragmentation.
RD1 = RD ⊳BikeID B1 (B1 is a horizontal fragment BikeID=B03)
[image: ]
[bookmark: _Toc93059846]Figure 36: Results of RD3 Derived Fragmentation.
RD1 = RD ⊳BikeID B1 (B1 is a horizontal fragment BikeID=B04)
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[bookmark: _Toc93059847]Figure 37: Results of RD4 Derived Fragmentation.

Although storing customer data by BikeID using the same horizontal fragmentation approach is desirable, the Customer database lacks a BikeID field.

Reconstruction: RD1  RD 2  RD3  RD4  RD5  RD6  RD7  RD8.
Reconstruction: B1  B2  B3  B4.
[bookmark: _Toc93059848]Figure 38: Reconstruction of the RD rental details relations and the B Bike relations from the fragments.
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SELECT * FROM Customer
WHERE LastName = 'Jones’
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*Jones';
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CustomerID  FirstName LastName DateOfBirth EmailAddress HomeAddress Postcode ContactPhoneNo BankAccountNo SortCode
€1007 Iwan Jones 1999-12-04  iwanjones412@gmail com 7 Tree Lane CF324IN 07751312571 47526185 754312
C1008 Peter Jones 1982-10-07 peterjones71082@gmailcom 64 ZooLane  SA2 7EX 07938295855 27684930 754312
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CustomerID  FirstName LastName DateOfBirth EmailAddress HomeAddress Postcode ContactPhoneNo BankAccountNo SortCode
1007 Iwan Jones 1999-12-04  iwanjones412@gmail.com 7 Tree Lane CF324IN 07751312571 47526185 754312
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77777777777777777777777 Index Shop Name --------------————-—-
CREATE INDEX index_shopname ON Shop(ShopName);
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SELECT * FROM Shop
WHERE ShopName = 'Swansea';
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ShoplD  ShopName  Address Email Telephone
Sho1 | Swansea 7 Princess Way, Swansea ecobikeshub-swansea@gmail.com 07586542158
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SELECT * FROM Shop
WHERE ShopName = 'Bridgend’;
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ShoplD  ShopName  Address Email Telephone
Sho4 | Bridgend  Adare Street, Bridgend  ecobikeshub-bridgend@gmail.com 07859492057
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DELETE FROM Customer
WHERE CustomerID = 'C1004';
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Msg 547, Level 16, State 0, Line 193
The DELETE statement conflicted with the REFERENCE constraint "FK_CustomerID". The conflict occurred in database "ecoBikes", table "dbo.RentalDetails”, column 'CustomerID'.
The statement has been terminated.
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SELECT * FROM RentalDetails
WHERE CustomerID = 'C1004';
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RentallD CustomerlD StartDate  ReturnDate RentalType BikelD RentalStatus
1 R00002 : C1004 2021-12-14  2021-1221 RT3 BO3 Not Returned
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BEGIN TRANSACTION

]

BEGIN TRY
-~ New customer is added to database --

INSERT INTO Customer (CustomerID, Firsthame, LastName, DateOfBirth, EmailAddress, HomeAddress, Postcode, ContactPhoneNo, BankAccountNo, SortCode)

Customers wishing to trade are handled at each store by one member of staff, but a member of staff must not have more than 20 trade customers -
-- assignment at any given time. --

VALUES ('C1609°, "Nia', 'Hancock’, '2600/86/21°, 'niahancock2106@gmail.com’, ‘2 Park Avenue’, 'CF32 SEN', '87550565687°, '62136016°, '484865°)

-- Customer sells bike --

INSERT INTO Bike (BikeID, BikeName, Manufacturer, Type, Colour, BikeSize, Condition, Availability, UnitPrice, ShopID)

VALUES ('BO5°, ‘Voodoo Nzumbi Mountain Bike - 26" Wheel’,

-~ Customer buys new bike --

*Voodoo', ‘Mountain Bikes', Black’, L', "New', 1, 500.00, 'Shod’)

INSERT INTO SaleDetails (SaleDetailsID, CustomerID, BikeID, StaffID)

VALUES('SD16684", 'C1608", 'BO1’, 'PE9S94GA’)

- Change availability of Bike to unavailable --

UPDATE Bike
SET Availability - @
WHERE BikeID - '801°

COMMIT TRANSACTION

END TRY

BEGIN CATCH
ROLLBACK TRANSACTION;
PRINT("Rolling back, an error occurred!’);
THROW

END CATCH;

SELECT * FROM Bike
WHERE BikeID - 'BO5';
SELECT * FROM Bike

WHERE BikeID - 'Be4’;

SELECT CustomerID, BankAccountlio, SortCode
FROM Customer;




image16.png
BikelD BikeName Manufacturer Type Colour BikeSize Condition ~Availability UnitPrice ShoplD
BO1 2008 Koxx Coustilier MK2  Koxx Trials Bikes Black S New 1 950 Sho1
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BikelD BikeName Manufacturer Type Colour BikeSize Condition ~Availability UnitPrice ShoplD
B02 2017 Boardman Elite Boardman Road Bikes Siver M ‘Good 1 1100 Sh02
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BikelD BikeName Manufacturer Type Colour BikeSize Condition ~Availability UnitPrice ShoplD
B04 2014 Scott Spark Jnr 24 Scott Kids Bikes White M Excellent 0 400 'Sho3
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BikelD BikeName Manufacturer Type Colour BikeSize Condition ~Availability UnitPrice ShoplD
BO3 2021 Cannondale Habit2 Cannondale  Mountain/Enduro Bikes Red M Poor 1 1100 Sho4
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NINo HireDate HourlySalary taxCode

EJ635681V | 2021-05-01 8 1100L
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NINo FirstName LastName Address DOB Sex JobRole ShopID
PE980940A = Gemma Dunlop 8 Heol Gam, Bridgend  1999-12-06 F Retail Associate  Sh01
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NINo FirstName LastName Address DOB Sex JobRole  ShoplD
EJ635681V : Devon Hill 7 Zoo Hill, Bridgend  1994-09-08 F Mechanic  Sh02




image24.png
NINo FirstName LastName Address DOB Sex JobRole ShoplD
PG400236A | Damian Richards 12 East Avenue, Newport  1994-09-08 M Retail Associate  Sh03
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NINo FirstName LastName Address DOB Sex  JobRole ShoplD
JJ336080D | Caiyn  Davies 24 Pen-Y-LiynBridgend 19940908 F  Manager Sho4
KE863022C  Olvia Lewis 13 Heol Dalton. Newport  1994-09-08 F  Retail Associate  Sh04
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RentallD CustomerlD StartDate  ReturnDate RentalType BikelD RentalStatus
R00005  C1002 2021-01-10  2021-01-10 RT1 BO1 Not Returned
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RentallD CustomerlD StartDate  ReturnDate RentalType BikelD RentalStatus
R00001 : C1001 2021-12-12  2021-12-12 RT2 B02 Returned
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RentallD CustomerlD StartDate  ReturnDate RentalType BikelD RentalStatus
R00002 : C1004 2021-12-14  2021-12-21 RT3 BO3 Not Returned
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RentallD CustomerlD StartDate  ReturnDate RentalType BikelD RentalStatus
R00003  C1003 2021-12-16  2021-12-30 RT4 B04 Not Returned
R00004 C1003 2021-12-30  2021-12-30 RT1 BO4 Not Returned
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CREATE INDEX index_customername ON Customer (LastName, FirstName);




