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This report will discuss the creation of the Cycles to Share database. It will go into detail about the performance tuning including which indexes were chosen and the chosen distributed database solution. It will also cover the fragmentation schema and choices for the distributed database solution.

1. [bookmark: _Toc4012927]Performance Tuning

A performance tuning investigation was carried out into the database, during the investigation it was concluded that secondary indexes could be added on three columns within the database to improve the performance of some commonly used data queries. Secondary indexes are a more efficient way of accessing the records in a table. They only work well when used on a column that infrequently changes as when a column updates, the index must update too. [1]

1.1. [bookmark: _Toc4012928]StationCode Column (Bike table)

The first column thought to be a good choice for a secondary index was ‘Station Code within the ‘Bike’ table. This column was chosen due to the large number of queries that will be carried out on this table.  For example, every time a user searched for a bike within a specific station, the whole bike table will have to be searched. Indexing the station id within the bank table will help it find the bikes for that specific station much more quickly and efficiently.  Whenever a user or worker searched for a bike at any of the stations, a ‘WHERE’ to search for entries at that station and ‘JOIN’ clause is used in the SQL. This index was named ‘IX_Bike_StationCode’ in the database.

1.2. [bookmark: _Toc4012929]RentalNo (RentalBike Table)

The ‘RentalNo’ column within the ‘RentalBike’ table was selected to be used as a secondary index. This column was selected as a query to find a specific rental will often be used. For example, when an employee wants to see the details of a specific bike that had been rented out, or a user checking their rentals. The index was appropriately named ‘IX_RentalBike_RentalNo’.

1.3. [bookmark: _Toc4012930]AccountNo (Rental Table)

The last secondary index to be created used the ‘AccountNo’ column from the ‘Station’ table. This column was a foreign key to the account table, whenever a query would be carried out on this table, it would have to find the corresponding record on the account table. The account table is a big table with many columns, therefore having it indexed will save a lot of search time on the database. This key will often be used in search queries, for example whenever a user wishes to see their current rentals, a query will be run in the database.

2. [bookmark: _Toc4012931]Distributed Database Solution

 A distributed database is where a database is split into multiple parts, as opposed to having the whole database stored on a single, centralised server. This can be an advantage as it can increase the efficiency of queries for the local site. Distributed databases also can increase reliability; if a disaster occurs on one server, the entire database is not lost [2]. Distributed databases usually reflect the geographical distribution of the organisation, meaning the database tables are normally split into sections that reflects the data used at each location. [3]
However, while efficiency can be good, there are always some downsides such as security. Because the data is so spread apart, it’s harder to control. Security on one server could be much worse than others and therefore creates a weak link in the database system. [4]

2.1. [bookmark: _Toc4012932]Fragmentation Schema

2.1.1. [bookmark: _Toc4012933]City / Station / Tariff Tables

Three tables were identified that would not require any sort of fragmentation. These tables were City, Station, and Tariff. These tables did not require any fragmentation due to their small number of reports. Instead, they would be left as is- replicated at all sites. Even with a large amount of expansion, the number of records in these tables would still be a trivial amount, not requiring any fragmentation. Having data replicated can be a big advantage as if it is lost from one site, a copy will still be available at others. [5]

2.1.2. [bookmark: _Toc4012934]Bike Table

The Bike table would use horizontal fragmentation on the ‘CityCode’ column; this would split the bike table into groups for each station, this is logical since the bikes in one station are irrelevant to the bikes in another. Since the ‘StationCode’ column is a required field in the ‘Bike’ table, the records will always appear in some fragment; nothing will be missing. Horizontal fragments could look like:

	B1  StationCode = ‘ST0001’ (Bike)
	B2  StationCode = ‘ST0002’ (Bike)
	B3  StationCode = ‘ST0003’ (Bike) 
	B3  StationCode = ‘ST0004’ (Bike)

The reconstruction of this table would be: (B1  B2  B3  B4)

2.1.3. [bookmark: _Toc4012935]Account Table

Horizontal fragmentation was also chosen for the account table. Fragmentation by city makes sense because it is more likely that a person will be renting bikes in their city rather than others, having the data stored locally will reduce query times significantly. The fragmentations for this table would be:

	A1  CityCode = ‘C0001’ (Account)
	A2  StationCode = ‘C0002’ (Account)
	A3  StationCode = ‘C0003’ (Account) 
	A3  StationCode = ‘C0004’ (Account)

The reconstruction of this table would be: (A1  A2  A3  A4)

2.1.4. [bookmark: _GoBack]Rental Table

The rental table was able to be fragmented by using derived horizontal fragmentation. This is because it shares the same foreign key for the Station table as in the Account table. Storing these two together makes sense as they are very closely related in their nature, it will put the rentals for each location with the respected accounts, since they are the most likely to be related. The corresponding data will be stored on the same database site, increasing efficiency ever further from the singular horizontal fragmentation. The fragmentation for this table would be:

	R1 R ⊳ StationCode A1 (A1 is horizontal fragment Station=’C0001’)
	R2 R ⊳ StationCode A2 (A2 is horizontal fragment Station=’C0001’)
	R3 R ⊳ StationCode A3 (A3 is horizontal fragment Station=’C0001’)
	R4 R ⊳ StationCode A4 (A4 is horizontal fragment Station=’C0001’)

The reconstruction of this table would be: (R1  R2  R3  R4)

2.1.5. RentalBike Table
 Vertical fragmentation was chosen for the rental bike table, this is because it could be most effectively separated by the payment charges and the general details. The fragmentation will for this table will be as follows:
	
	RB1  RentalNo, AccountNo, StartDate, EndDate, TariffRate, Status (RentalBike)
	RB2  RentalNo, AccountNo, HireCharge, LostLockCharge, DamagesCharge (RentalBike)

Reconstruction for this table will be: (RB1 ⋈ RB2)

2.1.6. Account Subscription Table
The choice with the account subscription table was to fragment it horizontally by the subscription type. The subscription type was one of the only columns in the table that would be commonly shared between records and wouldn’t often change. The fragmentation for this table would be:

	AS1  SubscriptionType = ‘Pay as you go’ (AccountSubscription)
	AS2  SubscriptionType = ‘Weekly’ (AccountSubscription)
	AS3  SubscriptionType = ‘Monthly’ (AccountSubscription)
	AS4  SubscriptionType = ‘Annual’ (AccountSubscription)

Reconstruction of this table could be done via: (AS1  AS2  AS3  AS4)
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