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[bookmark: _Toc509413551]Abstract 
This report examines two areas where enhancements could be made to the database created for the Book and Ride case study. In section one, there is an investigation into the frequently used queries, and a solution is proposed with the objective of increasing query performance. In section two, the focus is to scale the database to regional level by exploring the use of a distributed database, for which designs have been provided.     
1. [bookmark: _Toc509413552]Performance Tuning
The data must be retrieved in an acceptable time-span for users, and an index can assist in optimising the time taken for queries to retrieve the results. With the current solution, every row is scanned to find rows applicable to the search; this is a notable problem as the database expands and the number of records increases [1]. Thus, an index adds structure to the fields and makes searches more efficient, delivering a direct route to rows in the table that will be relevant to the query [2]. The drawbacks of indexing are considered by Ben Forta [3] (p. 221) who states they can reduce the performance for inserting data and increase the storage space required.
In table 1, examples of the most common queries have been listed assuming that only the drivers and office staff can perform queries on the database. 
	Query No
	Task Description

	(a)
	Retrieve all bookings taken by Drivers and total the cost of the fares assigned to including commission. 

	(b)
	Search for Drivers by Car Size who are currently available when allocating for new booking which could be narrowed down by the city. 

	(c)
	Find the card details of bookings by members who choose to pay by card to process the payment.

	(d)
	Office staff look up contact details of a driver relating to their office.

	(e)
	Drivers lookup the pickup and drop off Cities for a Booking. 



Table 1.  Queries regularly used on the Book and Ride database.

To see the records that would be returned from the queries on the previous page they were created in SQL, and the code is available in Appendix A. 
In table 2, it ascertains which tables are searched to retrieve the required information and to calculate which are the most accessed tables.  
	Table
	(a)
	(b)
	(c)
	(d)
	(e)
	Total

	Region
	
	
	
	
	
	0

	City
	
	X
	
	
	X
	2

	Office
	
	
	
	X
	
	1

	Driver
	X
	X
	
	X
	
	3

	Member
	
	
	X
	
	
	1

	Booking
	X
	
	X
	
	X
	3

	Schedule
	
	X
	
	
	
	1



Table 2.  Categorising the database tables read in the queries in table 1.
The next stage involves analysing the joins between the tables and determining which fields use a WHERE clause to return a match, and if ORDER BY or GROUP BY clauses are required. Table 3 outlines this analysis, as advised by Connolly & Begg (p.580) [4].
	Table
	Query
	Columns Involved

	Driver
	(a)
	JOIN Booking ON AssignedDriverNo
GROUP BY DriverNo
ORDER BY DriverNo 

	Driver
	(b)
	JOIN DriverSchedule ON DriverNo
JOIN City ON CityId
WHERE CurrentlyAvailable, CarSize, CityName

	Booking
	(c)
	JOIN Member ON MemberNo
WHERE PaymentDetails
ORDER BY BookingDateTime, Surname, FirstName

	Driver
	(d) 
	JOIN Office ON OfficeId
WHERE OfficeName, Surname

	Booking
	(e)
	City ON CityId
City ON CityId
WHERE AssignedDriverNo, BookingNo



Table 3.  The interactions between tables for office staff and driver queries.
	
The Region and City tables are the smallest regarding the number fields they store, in addition to which the region table did not appear in tables 2 and 3 of this report. Thus, it has been excluded from indexing. Conversely, the city would seem a vital table for business operations, as each booking references it twice, and the city name may be used to filter the results of other queries.  
Each office will manage their bookings and drivers schedules to organise their staff; managers may want to see their currently available drivers registered at their office, which could be achieved by altering query (b).
For this set of queries, the driver table and booking table are accessed most frequently, with links from the booking table via its foreign keys being essential to retrieve the results.  
During the research process, it was highlighted by Crooks [5] that columns with low-cardinality could harm query performance and that the applicable fields are those with a small number of options. Crooks identifies fields that store a true or false value as being relevant; this is the case with the Driver Schedule table on the CurrentlyAvailable column using the bit data type, although fields such as CarSize and PaymentDetails have a limited number of choices, due to the constraints being employed. Eventually, in the CurrentlyAvailable column, the total amount of ‘1’ values will be comparatively small to the amount of ‘0’ values stored as it is assumed that as drivers finish daily shifts the record is set to ‘0’. 
Taking this into account, Fisher and Schwartz [6], [7] argue for the inclusion of bit columns when indexing, also observing that there can be benefits when there is a disparity between the spilt in the number of records. Therefore, this column has been included in the indexing process.  
In summary, there would appear to be many opportunities to implement indexing for the differing scenarios across all but one of the tables.  




In the following table, the secondary indexes are highlighted against each table;  subsequently, these were created in SQL to implement them for the case study in SQL file 1.  
	Table
	

	City
(b)(e)
	CityId
CityName

	Office
(d)
	OfficeId
OfficeName

	Driver
(a)(b)(d)
	DriverNo, CityId, OfficeId
CarSize 

	Member
(c)
	MemberNo
FirstName, Surname

	Booking
(a)(c)(e)
	AssignedDriverNo, MemberNo, PickupCityId, DestinationCityId
PaymentDetails, BookingNo

	DriverSchedule
(b) 
	DriverNo
CurrentlyAvailable 



Table 4. Indexes for the office staff and driver queries [4].
2. [bookmark: _Toc509413553]Distributed Database Solution

The distributed database DDB primary aim was to solve problems encountered when using a centralised solution [8]. In table 5, Connolly & Begg (p.794) [4] outline the factors for and against when implementing a DDB.
	ADVANTAGES
	DISADVANTAGES

	Reflect organizational structure
	Complexity

	Improved shareability and local autonomy
	Cost

	Improved availability
	Security

	Improved reliability 
	Integrity control more difficult

	Improved performance
	Lack of standards

	Economics
	Lack of experience

	Modular growth
	Data design more complex

	Integration
	

	Remain competitive 
	



Table 5.  A summary of the advantages and disadvantages of DDMSs [4].
Although there are several disadvantages, these apply to many development projects, for example, the cost and complexity elements. However, several marked points would allow Book and Ride to optimise their system and grow. Notably, an increase in performance, reliability, and availability [9], mainly as the data will be at the sites where it is most frequently accessed [10]. 
Book and Ride Schema
The proposed fragmentation schema for each of the tables in the book and ride database, along with the reconstruction of tables is set out below. It uses the records from SQL file 2 to show how the data inserted would be split.   
The Region, City and Office Tables 
These tables should not be fragmented. Alternatively, the details should be replicated at each site. The records in these tables are unlikely to be regularly updated, except for when the company expands into new areas. 
Driver Table
The drivers are registered to an office via the foreign key in the table; it can be used to split it horizontally, one through five to encompass every office.  
D1:  OfficeId = ‘OFF01’(Driver)
D2:  OfficeId = ‘OFF02’(Driver)
D3:  OfficeId = ‘OFF03’(Driver)
D4:  OfficeId = ‘OFF04’(Driver)
D5:  OfficeId = ‘OFF05’(Driver)
Reconstruction: (D1 ∪ D2 ∪ D3 ∪ D4 ∪ D5)
The prerequisite states that the company require the data to be divided between the HR and Finance departments, where appropriate. The following vertical fragmentation has been applied to the driver table to separate the payment details. 
Finance Fragment - D11:  DriverNo, AccountNo, SortCode, NIN (Driver) 
HR Fragment - D21:  DriverNo, FirstName, Surname, DOB, Address, CityId, Postcode, PhoneNumber, EmailAddress, LicenceNo, LicenceExpiryDate VehicleRegNo, CarSize, OfficeId, Date Registered, Status (Driver)

Reconstruction: DriverNo D11       DriverNo D21
As each office will require the personal details of the drivers registered to them, mixed fragmentation is used between the earlier HR fragment (D21) and the Horizontal fragments (D1 – D5). It can be rebuilt as follows, with the fragments provided to each office with these details. 
Reconstruction: DriverNo D21      (D1 ∪ D2 ∪ D3 ∪ D4 ∪ D5)
Member Table
The following vertical fragmentation is applied to the member table by separating the payment details. 
Finance - M1:  MemberNo, CardNo, CardCVV, CardExpiryDate (Member)
Contact Details - M2:  MemberNo, FirstName, Surname, DOB, AddressRegionCode, PhoneNumber, EmailAddress (Member)

Reconstruction: MemberNo M1      M2
Dividing the M2 fragment records, between every office has proved difficult, due to the fact it is only linked to the region table. To which end horizontal fragmentation code could be applied to region code foreign key dividing up all customers registered. 
[bookmark: _Hlk509135872]R11 AddressRegionCode = ‘REG01’(Member)
R21 AddressRegionCode = ‘REG02’(Member)
R31 AddressRegionCode = ‘REG03’(Member)
R41 AddressRegionCode = ‘REG04’(Member)

Reconstruction: (R11 ∪ R21 ∪ R31 ∪ R41)
However, while this could be rebuilt as a mixed fragmentation as follows:
Reconstruction: MemberNo M2     (R111 ∪ R21 ∪ R31 ∪ R41)
The problem remains to allocate it to an office, as presently region cannot divide this table. Nevertheless, on regions that are close to one another, where it may be advisable to replicate these details and keep the payment details centralised.  

Booking Table
Although this table has a large number of columns, they would appear equally crucial to the operations of the head office, and the booking offices. The use of derived fragmentation on the earlier horizontal fragment from the driver's table allows each office to manage their bookings. In addition, to which, each office will be able to see which members make bookings at their office due to this link.   
B1: Booking    AssignedDriverNo D1 (horizontal fragment office = ‘OFF01’)
B2: Booking    AssignedDriverNo D2 (horizontal fragment office = ‘OFF02’)
B3: Booking    AssignedDriverNo D3 (horizontal fragment office = ‘OFF03’)
B4: Booking    AssignedDriverNo D4 (horizontal fragment office = ‘OFF04’)
B5: Booking    AssignedDriverNo D5 (horizontal fragment office = ‘OFF05’)
Reconstruction: (B1 ∪ B2 ∪ B3 ∪ B4 ∪ B5)
Driver Schedule Table
The records should not be split vertically, being an essential table for daily operations.  Instead, it should also use derived fragmentation as applied to the Booking table.  
DS1 DriverSchedule     DriverNo (horizontal fragment office = ‘OFF01’)
DS2 DriverSchedule      DriverNo (horizontal fragment office = ‘OFF02’)
DS3 DriverSchedule      DriverNo (horizontal fragment office = ‘OFF03’)
DS4 DriverSchedule      DriverNo (horizontal fragment office = ‘OFF04’)
DS5 DriverSchedule      DriverNo (horizontal fragment office = ‘OFF05’)
[bookmark: _Hlk509139593]Reconstruction: (DS1 ∪ DS2 ∪ DS3 ∪ DS4 ∪ DS5)
3. [bookmark: _Toc509413554]Conclusion 
While the performance tuning benefits implemented may not be measurable due to the current number of records, they offer an efficient alternative to retrieve data rather than omitting indexes altogether. The most frequently used queries would be reviewed over time to provide database stability, particularly on the days and times when the database receives the highest number of searches. The DDB solution provides a practical method to limit access to sensitive information relating to financial transactions. As documented by Connally & Begg, in doing so, it reflects organisational structure, which restricts access to only those that require the data. Subsequently, Book and Ride offices can manage their bookings and drivers’ daily schedules, although dividing up the members has proved more difficult.  
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-- (a)
-- Drivers keep 80% of the fare 
SELECT DriverNo, ROUND(SUM(FareAmount), 2) *.80  AS TotalFares
FROM Driver d
[bookmark: _GoBack]INNER JOIN Booking b ON d.DriverNo = b.AssignedDriverNo
GROUP BY DriverNo
ORDER BY DriverNo

-- (b)
--Currently available will only store 1 on the current day of the query 
SELECT d.FirstName, d.Surname, PhoneNumber, ds.StartDateTime, c.CityName
FROM Driver d
INNER JOIN DriverSchedule ds ON d.DriverNo = ds.DriverNo
INNER JOIN City c ON d.CityId = c.CityId
WHERE CurrentlyAvailable = 1 AND CarSize = '5' AND CityName = 'Swansea'


-- (c)
--Processing each booking as a separate payment 
SELECT b.BookingDateTime, m.FirstName, m.Surname, FareAmount, CardNo, CardExpiryDate, CardCVV, b.PaymentDetails
FROM Booking b
INNER JOIN Member m ON b.MemberNo = m.MemberNo
WHERE PaymentDetails = 'Credit Card' OR PaymentDetails ='Debit Card' 
ORDER BY BookingDateTime

-- (d) 
--Searching for a driver at this office
SELECT FirstName, Surname, PhoneNumber
FROM Driver d
INNER JOIN Office o ON d.OfficeId = o.OfficeId
WHERE OfficeName = 'The Carms Cab Firm' AND Surname = 'John'


-- (e) 
--Referencing the city names for a particular booking
SELECT b.BookingNo, ci.CityName AS DestinationCity, c.CityName AS PickupCity, AssignedDriverNo
FROM Booking b
INNER JOIN City ci ON b.DestinationCityId =  ci.CityId
INNER JOIN City c ON b.PickupCityId = c.CityId
WHERE AssignedDriverNo = 'DRI002' AND BookingNo = 'BKG00001' 
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