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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.	Comment by Kemi Ademoye: Very good

[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:	Comment by Kemi Ademoye: What about the columns used in the WHERE clause? They are also usually good candidates for secondary indexes and if you are not indexing them you should state why. For example, a valid reason could be as the CurrentlyAvailable column is frequently updated during the day, it is not advisable to index this column because of the additional overheads to maintain the index file as it gets updated.

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	Comment by Kemi Ademoye: Same comment regarding comments involved in the WHERE clause. Remember when analysing queries and columns for secondary indexes, you want to look at columns involved in WHERE, JOIN, GROUP BY, etc. Although, not all may be good candidates as shown above.


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	Comment by Kemi Ademoye: See my comments above.


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.	Comment by Kemi Ademoye: Very good and your implementation of the indexes is correct too.


[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.	Comment by Kemi Ademoye: Thus should this be centralised or replicated?

[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. 	Comment by Kemi Ademoye: Okay and reasonable, but would a replication strategy be better as after all it is unlikely that the data in this table will be updated frequently and that way the cities are locally accessible to all locations?

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. 	Comment by Kemi Ademoye: Okay, but you should add but select the cities based on their regional grouping. 

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.	Comment by Kemi Ademoye: Correct, but you need to specify to fragment vertically first to satisfy the Finance function and then fragment the relevant vertical fragment horizontally to satisfy the other requirements.
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: ]
[image: ]
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.	Comment by Kemi Ademoye: What HR aspect of member? HR deals with personnel information of the people they employ. Members are not employed by Book and Ride; they are just registered customers who frequently use the service. 
	Comment by Kemi Ademoye: Good and recommended.

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	Comment by Kemi Ademoye: Again, no need for HR fragment, what you need is a vertical Finance fragment to process payments and the remaining vertical fragment should use derived fragmentation based on the parent Member table.
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.	Comment by Kemi Ademoye: This table should use derived fragmentation based on the same strategy applied to the relevant parent driver fragement.


[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 get 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 CityFragment1
UNION …
SELECT Region FROM Region CityFragmentN 
 
[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 OfficeFragment1
UNION …
SELECT City FROM CityOfficeFragmentN

[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.
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                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	[bookmark: feedbackRIL]Reference list is adequate. (Grade mark: 50.00%)
	[bookmark: totalRIL]5
	[bookmark: markRIL]2.5

	
	
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	[bookmark: feedbackKUS]Demonstrates excellent understanding of the SQL Data Definition Language. Just a few small points to note - see comments under practical application. (Grade mark: 85.00%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]17

	
	
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	[bookmark: feedbackANA]The identification of common data queries and their subsequent analysis to identify performance tuning is excellent. See additional comments in your report.
The case study scenario has been fairly well analysed to provide a reasonable distributed database design strategy and you have provided details of how the different fragments may be reconstructed to recreate the original tables. There is, however some room for improvement - particularly applying vertical and derived fragmentation. See your report for additional comments. (Grade mark: 70.00%)
	[bookmark: totalANA]30
	[bookmark: markANA]21

	
	
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	[bookmark: feedbackPAD]Overall, a very good implementation, with code that is well documented and a good range of sample data and example DML queries and functionality. The implementation of the transaction unfortunately, is not quite correct. You need to calculate the SUM of all hours worked for a week and check if this is greater than 40. I am also not sure why you have included DROP TABLE commands in your code. I guess you want to help me clear my database when I was done marking :). Some other things to note: CHECK PhoneNo LIKE NULL not necessary and is redundant if the column allows NULL values. CardCVV - note that some cards use 4 numbers. Be careful with your use of NOT NULL - most of your choices are very good and you have provided good reasons in your comments, but take note of those columns whose values may not be specified when first inserting the data. For example, AssignedDriverNo - in some scenarios it may not be possible or necessary/practical to assign a driver immediately e.g. all drivers may be currently booked out at the time of booking or if the customer is making the booking way in advanced. (Grade mark: 77.50%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]31

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	[bookmark: feedbackSPP]The report is well-written and presented. (Grade mark: 80.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]4

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]75.5%

	
	Up to one week late
	[bookmark: fourWeeksLate]
	

	
	1st/2nd/3rd attempt?
	[bookmark: firstAttempt]
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