
Database Management Systems Report
Jonathan Evans
P151713

21/3/18

Contents
1.	Introduction	2
2.	Performance Tuning	3
3.	Distributed Database Solution	5
4.	References	8




1. [bookmark: _Toc509419718]Introduction
This report will consist of information on how to fine-tune performance of the Book and Ride database. This will be followed up with a solution that describes how a distributed database can be implemented.

2. [bookmark: _Toc509419719]Performance Tuning
The database, as-is, has suitable performance and queries execute quickly relative to the amount of data in the database. However, as the size of the data, and the frequency of accesses increase, the time to execute a query will scale with it. For this reason, optimisation of the database should be carried out to ensure that the database can scale, allowing for queries to be executed in a timely manner.
A method for optimising database performance is to create indexes for frequently accessed tables. An index is a table organised in a specified way, which is stored in secondary storage, whereas the database itself is stored in primary storage where data is stored in the order it was inserted in. Having access to these indexes can greatly improve the speed of different database queries as the database may not have to introduce additional computational overhead such as sorting a given table.
Indexes must be selected carefully. Introducing more indexes will increase the size of the database as it is storing these sets of organised data in secondary storage. At a glance, a few tables can be identified such as those who may be queried frequently – such as the Bookings table to identify available bookings, however, a more pragmatic solution for identifying these tables may be desired.
Connolly and Begg [1] illustrate a useful technique for determining how indexes should be defined. That is, creating a transaction/relation cross-reference matrix to determine the most accessed tables, and later producing transaction use maps which show the frequency in which these transactions occur.

Table 1 Transaction/Relation cross-reference matrix (modified from Database Systems: A Practical Approach to Design)
	Transactions/
Relations:
	A.
Adding a booking




IRUD
	B.
Adding a driver schedule



IRUD
	C.
Removing a driver




IRUD
	D.
Showing upcoming bookings at a given office.


IRUD
	E.
Querying available drivers at a given branch	Comment by Kemi Ademoye: While this will indeed be a popular query, see comments below on the CurrentlyAvailable column
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The cross-reference matrix above shows that the Booking, Office, Driver, and DriverSchedule are the most commonly accessed tables. As a result, indexes can be created to improve query times for the Booking table and DriverSchedule table. An Index could also be created for the remaining tables, however, as the frequency of queries may not great, extra storage may be needlessly used. the following page includes pseudo-code that illustrates how an Index for the Booking and DriverSchedule tables would be created. 	Comment by Kemi Ademoye: Very good



Index creation pseudo-code and justification
Booking: 
	CREATE INDEX idxBooking
ON Booking (PickupDateTime ASC);




The pseudo-code above demonstrates how an index would be implemented to improve performance when querying the upcoming bookings. It sorts the records in ascending order. This is a query that may be needed frequently for drivers to find out what bookings are upcoming.

DriverSchedule:
	CREATE INDEX idxDriverSchedule
ON DriverSchedule (CurrentlyAvailable DESC);	Comment by Kemi Ademoye: You have to be careful about indexing the CurrentlyAvailable column as this is currently being updated all day as drivers pick up and drop off passengers. It is not recommended to index columns that are frequently updated.




The above code will create an index that will store booking records sorted by the records where the driver is currently available first. This will be useful for finding available drivers quickly.

3. [bookmark: _Toc509419720]Distributed Database Solution
As a company grows, different departments or company sites may get established. For this reason, a distributed database would be desired. This can be used to distribute data across multiple offices and departments where a Distributed Database Management System (DDBMS) can be used to manage the data at a given department. 
When distributing data amongst multiple sites, there are two common ways of sharing the data - sharing fully replicated data or fragmenting the data. The benefit of using fully replicated data is that it creates redundancy of data – however, this is at the cost of storage and the time taken to synchronise data across all nodes. Alternatively, data can be fragmented across multiple sites. This is useful for Book and Ride as data can be distributed to their relevant regions.
A method is needed to decide how data is fragmented. There are four ways of achieving this – horizontal fragmentation, where data is split at the row-level, vertical fragmentation, where data is split at the column-level, mixed fragmentation, a mix of vertical, horizontal fragmentation, and derived fragmentation, deriving a horizontal fragment from a given fragment. [2]
It is essential no matter how data is fragmented, that the database can be reconstructed.
The table on the following page shows how data should be fragmented for the Book and Ride business. It assumes that each office has their own access to the database, therefore the data is separated at the office level. As a result, each office will have their own sets of data. This is useful for security as data will only be accessible by the appropriate office and it is also beneficial for redundancy (in terms of operation and not storage) as the offices are not relying on a centralised database system to be operational.	Comment by Kemi Ademoye: Okay and good, but you should also probably add that offices will be grouped regionally to avoid having too many fragments if there are lots of offices and also possibly cater for cases where you may have multiple offices in a City. For example, multiple offices in London. 
The Region, City, and Office table have been excluded from this table as these tables contain very small amounts of data which will not decrease performance too much if replicated amongst all regions.	Comment by Kemi Ademoye: Very good, well done for identifying that these should be replicated.



Table 2 Data fragmentations
	Tables
	Fragmentation

	Driver
	This table will have a horizontal fragmentation where data is separated pending based on the OfficeId.

	Distribution
	Predicate

	SwanseaOffice
	OfficeId = ‘1’

	CardiffOffice
	OfficeId = ‘2’

	NewportOffice
	OfficeId = ‘3’

	BristolOffice
	OfficeId = ‘4’

	OxfordOffice
	OfficeId = ‘5’




Database reconstruction: SwanseaOffice  CardiffOffice  NewportOffice  BristolOffice  OxfordOffice


	Member
	The member table will have mixed fragmentation. This is needed to separate data that will be processed by the finance department (in the Swansea Office) from the remaining member details. As a result, a member’s financial details will only be accessible to those with the appropriate authority.

This table will be fragmented into two vertical fragments – a financial data fragment (finData), and a member data fragment (memData), which will not contain any financial data. The memData fragment will be further fragmented horizontally to split the rows of data by the region code, which will allow the data to be stored at the closest office to the member.

(finData): MemberNo, FirstName, Surname, Dob, AddressRegionCode, PhoneNumber, EmailAddress, CardNo, CardCVV, CardExpiryDate

(memData): MemberNo, FirstName, Surname, Dob, AddressRegionCode, PhoneNumber, EmailAddress

Horizontal fragment to distribute data across regions:

(memDataRegion): MemberNo, FirstName, Surname, Dob, AddressRegionCode, PhoneNumber, EmailAddress

Predicate: Where AddressRegionCode = ‘regioncode’

Database reconstruction: finData ⋈ memData  memDataRegion





	Booking
	This table will have a horizontal fragmentation which will by fragmented by the PickupCityId. This is useful as it localises data to a given city.	Comment by Kemi Ademoye: Not bad, but base the city selection on regions, otherwise you will have too many fragments. You could also make use of Derived fragmentation where bookings are fragmented using the same strategy applied to their parent Member records.

	Distribution
	Predicate

	SwanseaCity
	PickupCityId = ‘40’

	CardiffCity
	PickupCityId = ‘10’

	NewportCity
	PickupCityId = ‘31’

	BristolCity
	PickupCityId = ‘7’

	OxfordCity

	PickupCityId = ‘34’




Database reconstruction: SwanseaCity  CardiffCity  NewportCity  BristolCity  OxfordCity
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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 satisfactory. (Grade mark: 40.00%)
	[bookmark: totalRIL]5
	[bookmark: markRIL]2

	
	
	

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

	[bookmark: feedbackKUS]Generally, demonstrates a very good understanding of the SQL Data Definition Language, but there are some things that could be improved. Be careful with your selection of data types for your columns. For example, consider using CHAR or INT (those with numeric data) for your foreign and primary key columns. The size of some of the column lengths also needs to be reconsidered. For example, AccountNo and Status were too long, while SortCode was too small. Your CHECK constraints could also be improved. There is no need to have a CHECK(Len(Column)...) on a NOT NULL column as they effectively do the same thing and also your comments suggest that you wanted it to check if the values contained numbers - you will need to use a format string with your check constraint to correctly achieve this. See additional comments under practical application. (Grade mark: 70.00%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]14

	
	
	

	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. However, note that it is not advisable to index columns that are frequently updated. You recommended indexing the currentlyAvailable columns, but recall that this column is being constantly updated all day.
The case study scenario has been very well analysed to provide a very good distributed database design strategy. You have also detailed how each of the fragments would be reconstructed to recreate the original tables. See your report for additional comments. (Grade mark: 86.67%)
	[bookmark: totalANA]30
	[bookmark: markANA]26

	
	
	

	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]Generally, 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. You have also hard-coded value, which is not a flexible solution. Similarly, you have hard coded the value used in your check constraint for the year to check if a driver is of a legal age to drive. This is not a future-proof solution. Instead use DATEDIFF(yy, DOB, GETDATE()). Well done for identifying that some CardCVVs are 4 characters. For the JourneyMileage column, note that the use of INT does not allow for fractional distances. 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: 71.25%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]28.5

	
	
	

	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: 90.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]4.5

	
	
	



	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%

	
	Up to one week late
	[bookmark: fourWeeksLate]
	

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