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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.

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].
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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.

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].

	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.

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].
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[bookmark: _GoBack]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].
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