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[bookmark: _Toc509426153]Abstract
This report will explore methods used in order to fine tune the performance of the Book and Ride database. These methods include examining the data query requirements and the Indexes that can be utilised to optimise performance. This report will also examine fragmentation and how it can be used to efficiently distribute the data and information in the database.
[bookmark: _Toc509426154]Performance Tuning
[bookmark: _Toc509426155]Important data query requirements
The database will be used by Book and ride to perform a myriad of different tasks. It will be used substantially to make queries to find information. This means that some queries will be used more frequently than other queries. For this reason, three queries are going to be listed below with explanations for their use and reasons why they would be useful queries.

[bookmark: _Toc509426156]Query 1
This is the first useful query:

SELECT o.OfficeId, o.Name, d.DriverNo, d.FirstName, d.Surname, d.CarSize, ds.StartDateTime, ds.EndDateTime, d.VehicleRegNo
FROM DriverSchedule ds
JOIN Driver d ON d.DriverNo = ds.DriverNo
JOIN Office o ON o.OfficeId = d.OfficeId
WHERE o.Name = '*Mount Pleasant*' AND ds.CurrentlyAvaliable = '1'

This query it allows a user to find all drivers assigned to a specified office that are also available to pick up a member. This is useful because a user may want to find drivers in a certain area that are available so they can make a booking for a member.

[bookmark: _Toc509426157]Query 2
This is the second useful query:

SELECT d.DriverNo, d.FirstName, d.Surname, d.CarSize, b.PickupDateTime, c1.CityName PickupCity, b.DeliveredDateTime EstimatedArrivalTime, c2.CityName DestinationCity,  d.VehicleRegNo
FROM Driver d
JOIN Booking b ON b.AssignedDriverNo = d.DriverNo
JOIN City c1 ON c1.CityId = b.PickupCityId
JOIN City c2 ON c2.CityId = b.DestinationCityId
WHERE d.DriverNo = 'D000002' AND b.CancellationDateTime IS NULL AND((b.PickupDateTime >= '2018-03-21' AND b.PickupDateTime <= '2018-03-21') OR (b.DeliveredDateTime >='2018-03-21' AND b.DeliveredDateTime <='2018-03-22'))

This query allows a user to find all bookings assigned to a specified driver within a certain day. This would be useful to find what bookings a driver has already made sure that they are not doubled booked by accident. 

[bookmark: _Toc509426158]Query 3
This is the third useful query:
SELECT  b.BookingNo, b.JourneyMilage, c1.CityName PickupCity, c2.CityName DestinationCity, b.FareAmount, b.CancellationCharge, m.MemberNo, m.Firstname, m.Surname, m.PhoneNo, m.EmailAddress, m.CardNo, m.CardCVV, m.CardExpiryDate
FROM Booking b
JOIN Member m ON b.MemberNo = m.MemberNo
JOIN City c1 ON c1.CityId = b.PickupCityId
JOIN City c2 ON c2.CityId = b.DestinationCityId
WHERE b.PaymentDetails = 'Unpaid'

This Query allows the user to find all Bookings that still have payments outstanding (Bookings with the ‘unpaid’ notation for the PaymentDetails field). This is useful as the user has access to the information needed to charge for the payment and a list of bookings that have not been paid yet, this includes both cancellation payments and Fare charges.

[bookmark: _Toc509426159]Additional Indexes to improve performance
The common useful queries that were identified all require joins to pull data from multiple tables. For this reason it is only logical to create additional indexes for the fields that are utilised by the queries.

[bookmark: _Toc509426160]Query 1 Analysis
The base tables that are involved in this query are: ‘Driver Schedule’, Driver’ & ‘Office’.
In order to execute the queries a join has to be used to link the tables ‘DriverSchedule’ and ‘Driver’. A join also has to be used to link the tables ‘Driver’ and ‘Office’. To link these tables joins have been made on the primary key from one table and the foreign key from another.
	Primary Key
	Foreign Key

	Driver.DriverNo 
	DriverSchedule.DriverNo

	Office.OfficeId 
	Driver.OfficeId


To optimise performance the foreign keys must be indexed, this would be done using the following code:

CREATE INDEX IDX_DriverSchedule_DriverNo
ON DriverSchedule(DriverNo);

CREATE INDEX IDX_Driver_OfficeId
ON Driver(OfficeId);

[bookmark: _Toc509426161]Query 2 Analysis
The base tables that are involved in this query are: ‘Driver’, ‘Booking’ & ‘City’.
In order to execute the queries a join has to be used to link the tables ‘Driver’ and ‘Booking’. Two joins also have to be used to link the tables ‘Booking’ and ‘City’, multiple joints are used because ‘Booking’ contains two foreign keys that associate with the ‘City’ primary key. To link these tables joins have been made on the primary key from one table and the foreign key from another.
	Primary Key
	Foreign Key

	[bookmark: OLE_LINK1]Driver.DriverNo 
	Booking.AssignedDriverNo

	City.CityId 
	Booking.PickupCityId

	[bookmark: OLE_LINK2]City.CityId 
	Booking.DestinationCityId


To optimise performance the foreign keys must be indexed, this would be done using the following code:

CREATE INDEX IDX_Booking_AssignedDriverNo
ON Booking(AssignedDriverNo);

CREATE INDEX IDX_Booking_PickupCityId
ON Booking(PickupCityId);

CREATE INDEX IDX_Booking_DestinationCityId
ON Booking(DestinationCityId);


[bookmark: _Toc509426162]Query 3 Analysis
The base tables that are involved in this query are: ‘Booking’, ‘Member’ & ‘City’.
In order to execute the queries a join has to be used to link the tables ‘Booking’ and ‘Member’. Two joins also have to be used to link the tables ‘Booking’ and ‘City’, multiple joints are used because ‘Booking’ contains two foreign keys that associate with the ‘City’ primary key. To link these tables joins have been made on the primary key from one table and the foreign key from another.
	Primary Key
	Foreign Key

	Member.MemberNo 
	Booking.MemberNo

	City.CityId 
	Booking.PickupCityId

	City.CityId 
	Booking.DestinationCityId


To optimise performance the foreign keys must be indexed, this would be done using the following code:

CREATE INDEX IDX_Booking_MemberNo
ON Booking(MemberNo);

The Indexes for the other two foreign keys were not included as they have already been listed for Query 2.

[bookmark: _Toc509426163]Secondary Indexes
In addition to the Indexes that have been added through the analysis of the useful queries it would be logical to assume that any foreign keys in tables should also be Indexed as they would be used in queries that require multiple tables that need to be joined. 
These Fields would be as follows:
· City.RegionCode
· Office.CityId
· Driver.CityId
· Member.AddressRegionCode

Other Secondary indexes that could be added are Indexes for fields that do not allow for huge variations in data and are likely to have data that matches in different records; the fields that meet this criterion are as follows:
· Driver.CarSize
· Driver.Status
· Booking.CarSize
· Booking.PaymentDetails – This would be useful to optimise Query 3
· DriverSchedule.CurrentlyAvaliable


There are other fields that could be made secondary indexes however these are indexes with a large variation in data that is not likely to have data that matches other records and/or is unlikely to be used as a parameter for a query. These fields are as follows:
· Driver.DOB
· Driver.LicenceExpiryDate
· Driver.DateRegistered
· Member.DOB
· Member.CardExpiryDate
· Booking.JourneyMilage
· DriverSchedule.WeekNo

In addition to the fields listed there are even more fields that could be potentially secondary indexes however the use of these would not be worth the slowed time for UPDATE and INSERT functions.


[bookmark: _Toc509426164]Distributed Database Solution
[bookmark: _Toc509426165]Fragmentation Schema
The Book and Ride database must use a fragmentation strategy to break up the database so the information can be used at a regional level.

[bookmark: _Toc509426166]Region
The region table is made up of only 2 fields which means it cannot be fragmented vertically. The region table also consists of data that cannot be fragmented horizontally, this is because the data in each record is unique and thus is unable to be grouped.

[bookmark: _Toc509426167]City
This table only has 3 fields, of which only 2 are not the primary key, this means if the data was fragmented vertically it would essentially create 2 separate tables meaning 4 fields rather than 3 which is not only inefficient but only has no advantage for information distribution.
This table could however have horizontal fragmentation by fragmenting on City.RegionCode.
This would mean that the data could be localized to Region so users only have the part of the table that relates to their region. 

This would fragment the table as follows:
C1: RegionCode = 'R000001' (City)
 [image: ]
C2: RegionCode = 'R000002' (City)
[image: ]


[bookmark: _Toc509426168]Office
This table contains multiple fields, however it would not be advantageous to vertically fragment any of these fields because there are no fields that are specific for use by either the HR or Finance departments. With this said the table could be fragmented horizontally by fragmentating on Office.CityId. This would mean that the data could be localized to City so users only have the part of the table that relates to their City. 

This would fragment the table as follows:
O1: CityId = 'C000001' (Office)
[image: ] 
O2: CityId = 'C000002' (Office)
[image: ]

[bookmark: _Toc509426169]Driver
This table contains multiple fields with some fields only relevant to the HR department and some only relevant to the Finance department, this means it would be advantageous to vertically fragment the table on these fields. This table could also be fragmented horizontally by fragmentating on Driver.OfficeId. This would mean that the data could be localized to Office so users only have the part of the table that relates to their Office. This would also make the table have a mixed fragmentation.
The fragmentation of the table would be as follows:
Finance
D1: OfficeId, DriverNo, FirstName, Surname, PhoneNo, EmailAddress, AccountNo, AccountSortCode, NIN (Driver) (D1)
[image: ]

HR
D1: OfficeId, DriverNo, FirstName, Surname, DOB, Address, CityId, Postcode, PhoneNo, EmailAddress, LicenseNo, LicenceExpiryDate, VehicleRegNo, CarSize, DateRegistered, Status (Driver) (D2)
[image: ]
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D2: OfficeId, DriverNo, FirstName, Surname, DOB, Address, CityId, Postcode, PhoneNo, EmailAddress, LicenseNo, LicenceExpiryDate, VehicleRegNo, CarSize, DateRegistered, Status (Driver) (D2)
[image: ]
[image: ]

[bookmark: _Toc509426170]Member
This table contains multiple fields with some fields only relevant to the HR department and some only relevant to the Finance department, such as the card details. This means it would be advantageous to vertically fragment the table on these fields. This table could also be fragmented horizontally meaning the table would have a mixed fragmentation. The Horizontal fragmentation could be done by fragmentating on Member.AddressRegionCode. This would mean that the data could be localized to Region so users only have the part of the table that relates to their Region. This would also make the table have a mixed fragmentation.

The fragmentation of the table would be as follows:
HR
M1: MemberNo, FirstName, Surname, DOB, AddressRegionCode, PhoneNo, EmailAddress (Member) (M1)
[image: ]
M2:  MemberNo, FirstName, Surname, DOB, AddressRegionCode, PhoneNo, EmailAddress (Member) (M1)
[image: ]

Finance
M1: MemberNo, FirstName, Surname, PhoneNo, EmailAddress, CardNo, CardCVV, CardExpiryDate (Member) (M2)
[image: ]



[bookmark: _Toc509426171]Booking
This table contains many fields, of which there are some fields only relevant to the Finance department such as the PaymentDetails, CancellationCharge & FareAmount. This means it would be advantageous to vertically fragment the table on these fields. This table could also be fragmented horizontally meaning the table would have a mixed fragmentation. The Horizontal fragmentation could be done by fragmentating on Member.PickupCityId. This would mean that the data could be localized to City so users only have the part of the table that relates to their City. This would also make the table have a mixed fragmentation.

The fragmentation of the table would be as follows:
HR
B1:  BookingNo, MemberNo, BookingDateTime, PickupDateTime, PickupAddress, PickupCityId, PickupPostcode, DestinationAddress, DestinationCityId, DestinationPostcode, JourneyMilage, CarSize, AssignedDriverNo, DeliveredDateTime,  CancellationDateTime (Booking) (B1)
[image: ]
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B2:  BookingNo, MemberNo, BookingDateTime, PickupDateTime, PickupAddress, PickupCityId, PickupPostcode, DestinationAddress, DestinationCityId, DestinationPostcode, JourneyMilage, CarSize, AssignedDriverNo, DeliveredDateTime,  CancellationDateTime EmailAddress (Booking) (B1)
[image: ][image: ]

Finance
B1: BookingNo, MemberNo, FareAmount, CancellationCharge, PaymentDetails  (Booking) (B2)
[image: ]


[bookmark: _Toc509426172]DriverSchedule
This table only contains a few different fields none of which are specific to either HR or Finance so for this reason there would be no advantage in adding any vertical fragmentation. In addition to this there is also no need for any horizontal fragmentation because none of the fields identify a location therefore the table cannot be regionalized.


[bookmark: _Toc509426173]Reconstruction of global relations
To reconstruct the tables Union must be used to fix the horizontal fragmentation, and to fix the vertical fragmentation Join must be used
[bookmark: _Toc509426174]Region
This table does not need to be reconstructed as it did not got fragmented

[bookmark: _Toc509426175]City
To reconstruct this table Union must be used, this is because the table has horizontal fragmentation.
The commands used to do this would be:

SELECT Region FROM City
UNION
SELECT Region FROM Region 
 
[bookmark: _Toc509426176]Office
To reconstruct this table Union must be used, this is because the table has horizontal fragmentation.
The commands used to do this would be:

SELECT City FROM Office
UNION
SELECT City FROM City

[bookmark: _Toc509426177]Driver
To reconstruct this table Union and Join must be used, this is because the table has both horizontal and vertical fragmentation.
The commands used to do this would be:

SELECT Office FROM Driver
UNION
SELECT Office FROM Office

SELECT (DriverNo, FirstName, Surname, DOB, Address, CityId, Postcode, PhoneNo, EmailAddress, LicenceNo, LicenceExpiryDate, VehicleRegNo, CarSize, OfficeId, AccountNo, AccountSortCode, NIN, DateRegistered, Status)
FROM Driver
JOIN ON DriverNo = DriverNo

[bookmark: _Toc509426178]Member
To reconstruct this table Union and Join must be used, this is because the table has both horizontal and vertical fragmentation.
The commands used to do this would be:

SELECT Region FROM Member
UNION
SELECT Region FROM Region

SELECT (MemberNo, FirstName, Surname, DOB, AddressRegionCode, PhoneNo, EmailAddress, CardNo, CardCVV, CardExpiryDate)
FROM Member
JOIN ON MemberNo = MemberNo

[bookmark: _Toc509426179]Booking
To reconstruct this table Union and Join must be used, this is because the table has both horizontal and vertical fragmentation.
The commands used to do this would be:

SELECT City FROM Booking
UNION
SELECT City FROM City

SELECT (BookingNo, MemberNo, BookingDateTime, PickupDateTime, PickupAddress, PickupCityId, PickupPostcode, DestinationAddress, DestinationCityId, DestinationPostcode, JourneyMilage, CarSize, AssignedDriverNo, DeliveredDateTime, FareAmount, CancellationDateTime, CancellationCharge, PaymentDetails)
FROM Booking
JOIN ON BookingNo = BookingNo

[bookmark: _Toc509426180]DriverSchedule
This table does not need to be reconstructed as it did not get fragmented.


Bibliography

[1] 	B. C. Connolly Thomas, “A Constructivist-Based Approach to Teaching Database Analysis and Design”. 
[2] 	Database management systems, Clifton Park, N.Y.: Cengage, 2008. 
[3] 	G. Vossen, Data models, database languages and database management systems, Wokingham: Addison-Wesley , 1990 . 




image3.png
Officeld  Name Ctyld  Postcode PhoneNo  ManagerName
0000001  Mount Pleasart  C000001 SA2SHT 01254928320  Gregory Martin




image4.png
0000002 Manningham  C000002 BD23LP 01535271230  Peter Johnson




image5.png
Officeld  DrverNo  FirstName  Sumame  PhoneNo  EmailAddress AccountNo  AccountSotCode  NIN
0000001 DODOT  Adi Akbar 07481820483 Addy632@hotmaicom 04538296 030456 AB124587B




image6.png
Officeld ~ DriverNo  FirstName ~ Sumame  DOB Address. Ctyld  Postcode PhoneNo  EmailAddress. LicenceNo LicenceExpinyDate  VehicleRegNo  CarSize  DateRegistered  Status
0000001 DODOT  Adi Akbar 19601203 6. Highfield Terace  COD0001  SATSTY 07431820483 Addy632@hotmailcom  AKBARGO3120A39UM  2020-08-01 BD67DHR  Medum 20150512  Acive




image7.png
10000002 DO00002  Alec Friedman 19870219 23, Oakwood Street  C000002 BD12SJR 07382991858 A Friedman@gmailcouk ~ FRIED819027AJ9GH  2024-04-01 DG78PBD  Medium 20120130  Active




image8.png
MemberNo ~ FirstName  Sumame  DOB AddressRegionCode  PhoneNo  EmailAddress
MOODOT  Hans  Windt 19980307 R000001 07234739662 HWindt98@AOL com




image9.png
M000002

Mary.

19830623 R000002

07935242563 Mary.S@hotmail.co.uk




image10.png
MemberNo ~ FirstName ~ Sumame  PhoneNo  EmailAddress CardNo CardCW  CardExpinyDate
MO0000T  Hans  Windt 07294739662 HWinct38@AOL com 9376927492838735 938 20201001




image11.png
BookingNo ~ MemberNo  BookingDateTime PickupDateTime: PickupAddress. PickupCityld  PickupPostcode  DestinationAddress  DestinationCiyld
BOOOOOT  MOODODT 20180315 11:33:00.000 2018-03-2115:00:00.000 4, Ecclesfield Grove C000001  SATGLA 99, Seaview Strest  C000001




image12.png
DestinationCyld  DestinationPostcode  JoumeyMiage  CarSize  AssignedDriverNo  DeiiveredDate Time CancelationDateTime
000001 SATSHW 23 Medum  DO000OT NULL 20180316 12:21:00000




image13.png
BO00002  MO00002 20180317 14:24:00.000  2018-03-2119:00:00.000 3, High Meadows, Wilsden  C000002  BD150HN. 59, High Street




image14.png
'C000002

BD26FG.

65

Medium  D000002

20180321 19:21:00.000 NULL




image15.png
BookingNo  MemberNo  FareAmount ~ CancellationCharge  PaymentDetails:
BOODOOI  MOODODT  NULL 520 Paid
BOOO002  MOOO002 1560 NULL Unpaid




image1.png
Ctyld  CiyName
CO00001  Swansea

RegionCode.
'R00000T




image2.png
(C000002  Bradford

'R000002




