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Abstract

This report discusses the author’s implementation of Secondary Indexes and a discussion on fragmentation schemas for a Cycle sharing Database, for the Database Management Systems academic module at the University of Wales Trinity Saint David.
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Database indexes can be used to increase the speed of SELECT queries and WHERE clauses in a database [1]. In the Cycles to Share database, three secondary indexes have been created using SQL Server Management Studio, and have been added to SQL file 1, using the CREATE statement. Secondary indexes do not use the Primary Key to look up information.

1. Index_stationcode ON Bike (StationCode) 

This is a foreign key to another table which is the Station and the size of it is small.

2. Index_RegistrationDate ON Account (RegistrationDate) 

 RegistrationDate is frequently accessed, therefore it is important to index it.	Comment by Kemi Ademoye: Give example query (e.g. list all accounts registered this month) showing how it is accessed frequently and also would it be beneficial to sort this column index in desc order and perhaps combine it with the AccountNo to create a multi-column index? Similar comment for PaymentDate and I think a better secondary index could be created for this table.

3. Index_paymentDate ON Account (PaymentDate) 

PaymentDate is also frequently accessed, so needs to be indexed.

Indexes are generally not used on small tables [2].

[bookmark: _Toc3504866][bookmark: _Toc3505737][bookmark: _Toc3505912][bookmark: _Toc3507342][bookmark: _Toc3819879][bookmark: _Toc3938922][bookmark: _Toc3938937][bookmark: _Toc3939193]The Distributed database solution

A Distributed Database Management System (DBMS) manages the databases of a group of computers on a network as opposed to a single isolated Database [3] [4] [5]. The DBMS ensures updates and deletes are reflected automatically on the other computers [6]. One advantage of a DDBMS is that if one database fails or corrupts, it will not affect the other sites. One disadvantage is there may be an increase in security vulnerabilities.
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Fragmentation is used to increase reliability, security and performance in a database [7]. In Horizontal fragmentation, rows (tuples) are split, and grouped together based on the information needs of the user, for example selecting all rows related to a particular BikeCode or all rows related to a particular RentalNo as in Tables 2 and 3. This can be applied to most of the tables in the Cycles to Share Database. The SQL Statement: “FROM table_name WHERE” predicate will be used to create the horizonal fragmentation [2]. The Predicate SELECT FROM RENTALBIKE WHERE PickupDate = 20/03/2019 for example, can be used to divide the Pickupdates. Tables can be divided based on information required for the BikeCode information and information relating to the RentalNo.  Primary Horizontal Fragmentation is fragmentation of the primary relation whereas Derived Horizontal fragmentation is fragmentation with foreign keys.	Comment by Kemi Ademoye: While you have correctly identified that the WHERE clause is used to create horizontal fragments, your chosen strategy based on bikecode (each bike has a different code) and pickup date is incorrect. A better approach is to fragment the Bike table based on what region they are located in determined by the city code. Then you use derived fragmentation to ensure related child records in other tables are based at the same location as the parents.

Table 1 – RentalBike table

	RentalBike

	RentalNo PK_RentalBike PRIMARY KEY

	BikeCode PK_RentalBike PRIMARY KEY

	PickupDateTime

	ReturnDateTime

	ReturnStation

	HireCharge

	LostLockCharge

	DamagesCharge

	Comments



The CREATE 
Table 2 – BikeCode fragment.
	BikeCode PK_RentalBike PRIMARY KEY

	PickupDateTime

	ReturnDateTime

	ReturnStation



Table 3 – RentalNo fragment.
	RentalNo PK_RentalBike PRIMARY KEY

	HireCharge

	LostLockCharge

	DamagesCharge

	Comments







Table 4 – Horizontal fragmentation rules.
	Rule
	Details

	Completeness 
	Each row in the relation appears in either fragment RentalNo or BikeCode [8].

	Reconstruction
	The RentalBike relation can be reconstructed from the fragments using the Union operation:  RentalNo U BikeCode = RentalBike [8].	Comment by Kemi Ademoye: This is not the correct way to reconstruct the fragments. Yes, you do use the Union operator but not in this way.

	Disjointness
	There can be no RentalBike that is both BikeCode and RentalNo [8].
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Vertical fragmentation groups tables into columns [7]. In Table 5 and Table 6, both fragments contain the primary key, RentalNo, to enable the original relation to be reconstructed.  Fragment V1 contains different columns from fragment V2. The advantage of vertical fragmentation is that the fragments can be stored at different locations as needed, therefore improving the table performance [8]. Vertical fragmentation can be applied to any of the 7 tables in the Cycles to Share Database.	Comment by Kemi Ademoye: First, why is this vertical fragmentation relevant? That is, how exactly is it going to improve table performance? Relate this to the requirement that payments will be handle at the main head office. Also, in vertical fragmentation, columns must not be repeated in different fragments except for the PK column to allow for reconstruction. You have duplicated ReturnStation column in both fragments violating one of the rules.

Table 5 - Fragment V1
	RentalNo 
	PickupDateTime 
	ReturnDateTime 
	ReturnStation 
	Comments

	RentalNo
	01.01.18
	10.01.18
	SWA
	NULL

	RentalNo
	10.02.19
	01.03.19
	BRI
	NULL

	RentalNo
	08.03.19
	15.03.19
	LON
	NULL



Table 6 - Fragment V2
	RentalNo 
	BikeCode
	ReturnStation 
	HireCharge
	LostLockCharge
	DamagesCharge
	Comments

	RentalNo
	R01
	SWA
	10.00
	0.00
	10.00
	NULL

	RentalNo
	R02
	BRI
	10.00
	0.00
	0.00
	NULL

	RentalNo
	R02
	LON
	10.00
	10.00
	0.00
	NULL



Table 7 – Vertical fragmentation rules.
	Rule
	Description

	Completeness.
	Each attribute in the RentalNo relation appears in either fragment V1 or V2 [8].

	Reconstruction.
	The RentalNo primary key relation can be reconstructed from the fragments using the Join operation [8].

	Disjointness.
	The fragments are disjoint except for the primary key, which is necessary [8].	Comment by Kemi Ademoye: Please see my previous comment.
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Mixed fragmentation can be used on the Cycles to Share Database as required. It consists of a horizontal fragment that is then vertically fragmented, or a vertical fragment that is later horizontally fragmented. The order can be important [8]. Reconstruction can be an expensive task [9].	Comment by Kemi Ademoye: So what is your proposal for this?
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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]Very good evidence of a number of reference sources consulted. (Grade mark: 90.00%)
	[bookmark: totalRIL]5
	[bookmark: markRIL]4.5

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]A good range of queries to create sample data, but you need to ensure parent data is created before child table data. The reason it appeared as if you did not have errors was because you have not implemented all required FKs (see comment below). Very good implementation of the required transaction but note that your condition allows only 5 bikes (it should allow a max of 6 bikes). (Grade mark: 67.50%)
	[bookmark: totalKUS]20
	[bookmark: markKUS]13.5

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]Choice of indexes is generally okay but could be improved and you need to give better justifications for your choices. Although you have described the fragmentation process and given examples with how they could be reconstructed, you have not really analysed the case study to implement an appropriate fragmentation strategy and your selected fragments are not appropriate. (Grade mark: 40.00%)
	[bookmark: totalANA]30
	[bookmark: markANA]12

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]A good attempt. There is, however, some room for improvement in your implementation. The main area for improvement is understanding what tables are dependent on (children) to other and ensure you create parent tables first. Also, although you have used the ALTER TABLE command properly, try and learn how to create constraints while you are creating your tables too. Your implementation of FKs is incomplete with a lot of the required FKs missing from the implemented database. Also a minor note - some cards have a CVC number with 4 characters. Also, all attributes requiring a currency value do not make provision for the fractional parts meaning that there is no way to record the pence part for example. (Grade mark: 62.50%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]25

	
	
	

	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]58%

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

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