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1. [bookmark: _Toc3823490]Abstract. 
In this report, the author has detailed what thedata queries will be frequently run on the database in order to identify suitable and indexes are, the rules indexes must follow, identified the performance criteria for the secondary indexes used in the Cycles-To-Share database and detailed the reasons behind the creation of these secondary indexes. Also, a suitable fragmentation schema has been discussed with how tables will be fragmented across locations and global relation reconstruction has been discussed.  
2. [bookmark: _Toc3823491]Performance Tuning. 
2.1. [bookmark: _Toc3823492]Queries, Indexes and Requirements. 
Data queries are database transactions used to query a database for information. Indexes are operations structures used on tables to retrieve data quickly. End users are unable to view indexes, the sole purpose of an index is to speed up database searches and queries [1]. There are two different types of indexes, Clustered Indexes and Secondary (Non-clustered) Indexes. Clustered indexes are when the data files are sequentially ordered by specific fields. Secondary Indexes are indexes that that are defined on non-ordering fields [2]. There are three primary rules an index must follow, these being do not use indexes on smaller sized tables, indexes must be unique and finally avoid using indexes on tables that are frequently updated.   
2.2. [bookmark: _Toc3823493]Secondary Indexes chosen. 
Before creating any indexes, transaction analysis must be completed to understand the functionality and importance of the transactions that will be run on the database. Three performance criteria metrics were used during the creation of the secondary indexes. The first metric being identifying the transactions that will be run frequently on the database that will have a significant performance impact on the database. Creating indexes for these transactions will alleviate a significant amount of strain on database caused by the transactions. The second metric used was identifying the transactions that are critical to business operations. Creating indexes for these transactions would increase productivity and increase efficiency as the data the employee requires is displayed faster and sorted. The third metric that was followed was taking times of day and weeks into account, such as daily peak times (9AM, 1PM, 5PM) etc. This must be considered as the database will experience higher levels of traffic than usual during these times, which will cause a significant performance hit [3]. Creating indexes for transactions that are frequently used during these times, like the first metric, will alleviate a large amount of pressure off the database during peak times. 
	The first secondary index that was created was ‘sortByStatusandSubType’ on table ‘AccountSubscription’. This secondary index sorts status of the subscription in ascending order and sorts by subscription type in ascending order. This was created as it believed that employees would frequently check if members have an active or inactive subscription during the time of a sale, if a customer has come to pick up a bike or to check on existing subscriptions to notify customers. 
The second secondary index that was created was ‘sortByPickupDateTimeandReturnDateTime’ on the table ‘RentalBike’. This secondary index sorts by pickup date and time in ascending order and return date and time in ascending order. This index was created as it is believed that employees will be frequently checking pickup and return times as many customers rent bikes throughout the day, also depending on the number of customers, employees will be using the transaction during peak times. This index will alleviate a lot of stress on the database. 	Comment by Kemi Ademoye: Use paragraphs to break up long blocks of text.	Comment by Kemi Ademoye: This is okay, but it would be better if it also included the BikeCode as well to work out the hire charge/ check if a bike has been returned.
The final secondary transaction created was ‘sortByAccountNoandPaymentDate”. This secondary index sorts by account number in ascending order and payment date in ascending order. This index was created as employees will checking the database for which customers have and need to pay for the bike service on a regular basis. This index aims to hasten the process whenever a relevant transaction is performed. 
3. [bookmark: _Toc3823494]Distributed Database Design. 
3.1. [bookmark: _Toc3823495]Suitable Fragmentation Schema.
There are four types of fragmentation, these being Horizontal Fragmentation, this type consists of a subset of rows in a relation. Vertical Fragmentation, this type consists of a subset of columns of a relation.  Mixed Fragmentation, this type consists of either a horizontal fragment that is subsequently vertically fragmented or vice versa for vertical fragments. Derived Fragmentation consists of a horizontal fragment that is based on the horizonal fragmentation of a parent relation [4].
	There are 4 primary locations that the database will be fragmented to. Swansea, Cardiff, London and Manchester. The ‘Rental’ and ‘Account’ tables will be in Swansea, as it is the main hub of the company and main user data handler of the company. ‘AccountSubscription’ and ‘RentalBike’ will be in ‘London’, as London is designated financial handler of the company. ‘TariffRate’ and ‘Bike’ will be situated in Cardiff. Finally, ‘City’ and ‘Station’ will be located at Manchester. 	Comment by Kemi Ademoye: While you have identified that you need to distribute the data based on locations, you have not really shown how you would implement a distributed database for Cycles to Share.
For example, first identify which tables are not suited for fragmentation indicating why and whether they are to be centralised or replicated at the different sites.
For horizontal fragmentation, identify what tables you will apply this strategy and how you would implement this. For example, fragment based on what region the data belongs to, determined by the city code or station code and make sure you use derived fragmentation to place related child records at the same location as the parents.
For vertical fragmentation, there is a requirement that payment is to be processed at the head office. You can apply vertical fragmentation to the Account and RentalBike tables and for the fragments that do not contain payment information, further fragment horizontally meaning you are applying a mixed strategy.


	Comment by Kemi Ademoye: The case study says Swansea is the main head office responsible for payments.
	An example of how a table could be horizontally fragmented would be ‘AccountSubscription’, this table could be split into three horizontal fragments for ‘SubscriptionType’, the results being fragments for ‘Annual’, ‘Monthly’ and ‘Pay As You Ride’. The SQL pseudocode would look like:
SELECT * FROM AccountSubscription WHERE SubscriptionType = ‘Annual’ / ‘Monthy’ / ‘Pay As You Ride’


An example of vertical fragmentation would be to split the ‘Bike’ table into two fragments. Being a ‘review’ fragment and a ‘status’ fragment. The review fragment will include ‘BikeCode’, ‘StationCode’ and ‘Comments’ columns, whereas the status fragment will include ‘BikeCode’, ‘StationCode’ and ‘Status’ columns.  
An example of Derived fragmentation would be table ‘City’ is a parent to ‘Account’ as an account needs a city code. As both tables have been fragmented, accounts could be sorted by ‘CityCode’.  
Another strategy would be to implement no fragmentation, this would occur to tables that are rather small and are not updated frequently. It would be best to replicate the entire table across other sites. 
However, in a personal scenario, in terms of data allocation, even though performance issues may be a problem, in the event of crashes or data loss, a complete replication method would be used for the database, each location will have a complete backup, this ensures all data is accessible and data loss isn’t as a heavy hit to the system.  
3.2. [bookmark: _Toc3823496]Reconstruction of Global Relations. 
With the reconstruction of global relations. The horizontal fragments would use UNION conditions. Vertical fragments would be reconstructed with JOIN conditions. 
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                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill 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. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]Basic evidence of reference sources. For additional improvements, expand the range of reference sources consulted. (Grade mark: 30.00%)
	[bookmark: totalRIL]5
	[bookmark: markRIL]1.5

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]A very good range of queries to create sample data for the database has been provided with additional, appropriate queries to test the constraints added to the tables. A fair attempt at the transaction with some sample data to test it, but unfortunately your logic is not quite correct. The table you need to check is the RentalBike table as this is the table that stores the bikes taken out on each rental. As such, your transaction does not work. (Grade mark: 75.00%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]15

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]Good and appropriate secondary indexes have been chosen, and you have given some good reasons for your choices but see your report for additional comments. I am not quite sure why you added clustered indexes to your SQL file as I only asked for secondary (non-clustered) ones. The ones for city and RentalBike were okay, but there are better options for Account and Bike. Some basic attempt at describing how to distribute the data, but it is not quite correct - see your report for comments. (Grade mark: 50.00%)
	[bookmark: totalANA]30
	[bookmark: markANA]15

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]A very good attempt overall and good email constraint. There are, however, a few things to note. Aim to improve your understanding of composite PKs. The PK in the RentalBike table is a composite made up of the RentalNo and BikeCode columns. You have also missed a few FKs e.g. PickupStation FK in Rental and ReturnStation in RentalBike. FKs do not necessarily have to have the same names as the matching PK. Your constraint on the LockCode was not quite correct and also note that some cards also have a CVC number with 4 characters. RegionalStation in the station table is just a field to indicate if this is the region's main station office and would probably work best as a BIT field. (Grade mark: 70.00%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]28

	
	
	

	5. Transferable Skills for Life and Professional Practice 

	
	

	[bookmark: feedbackSPP]The report is of a good standard. (Grade mark: 60.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]3

	
	
	



	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]62.5%

	
	Up to 1 week late (40% Max)
	[bookmark: fourWeeksLate]
	

	
	Over 1 week late (0%)
	[bookmark: firstAttempt]
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