
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][bookmark: _GoBack]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)
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Querying available drivers at a given branch
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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. 



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);




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.
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.



Table 2 Data fragmentations
	Tables
	Fragmentation

	Driver
	This table will have a horizontal fragmentation where data is separated pending 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.

	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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