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The Success or failure of a database is the manner of its implementation. A well-designed database will function in a satisfactory manner and will work.  The performance could be improved further using properly formatted indexes and the use of optimised secondary indexing of foreign keys in client tables.  For the Smile Factory system, the main queries have been outlined in appendix 2.  The design of the database structure is based around the client and associated details that acts as the key for two primary lines of business processes. The primary processing line revolves around the treatment chain that covers appointments, staff rostering and surgery management.  The Second processing line is the administration line for billing, private client management and payments.
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	For efficiency, the primary keys of all tables have been indexed for facilitate better query processing.  The use of these indexes will reduce the requirement for the DBMS to access individual data records repeatedly minimising access times to the storage system and caching commonly used data for queries. To further improve the system, secondary indexes will be introduced to aid in query processing. These will be set on foreign keys in client tables that service the primary keys in master tables. The use of the secondary indexes will act as a force multiplier for the primary index by further caching additional index data to decrease query processing time and if further tuned by prioritising the indexes ranking by order of access made additional savings in processing timing can be obtained. As the structure of the database is predicated to the client’s data, the focus for the secondary indexes will be focused on the client’s ID key in the appointment, account and invoice tables. These tables act as the key access points for many queries used in the client, financial and operational processing functions in the business.  Other business functions such as staff management, facilities operations and service processes will benefit from having secondary indexes applied to staff ID’s, Room ID’s and the private patient flag in the client table.
Further improvements to the system can be implemented by diving the database into active and archival segments.  By dividing the database in to two, the static data and dynamic element of the data can be separated to optimise the processing of the fast-changing dynamic elements such as active appointments, open invoices, surgery management and roster planning. This leaves the bulk of the data in the archival section which requires little processing but must be readily available for historical retrieval or the creation of new dynamic data records such a future appointments of new treatment programs.
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One of the first considerations when designing a database system is the assumption tat the company will grow and evolve with multiple operating sites, evolving data networks and data diversification. This leaves the designer with the problem of designing a framework which can be adapted to cover most potential outcomes and have a structure that is highly flexible to enable a radical change in function with minimal changes in the underlying structure.
To develop a distributed data solution for the Smile Factory several factors must first be defined.  These include the nature of the business, the degree of infrastructure expansion and the degree of functional expansion.  In this case, a dental surgery business is atomic in nature, it is highly specialised and will be based in functionally adapted premises which will most likely be small to medium in size and widely distributed across the company’s hinterland. As the business expands it can be forecasted to increase the number of premises with day-to-day operations being based at branch level. It may also be assumed that the company may invest in in a central office or headquarters and may diversify into the manufacture of prosthetics or sundries like toothbrushes, pastes or dental floss.
	Knowing these facts, it can be assumed that future data networks will be based on a wide area topology with many nodes each requiring autonomous control and processing functions but with the ability to send management information to the main office (Central Control Node) or requests to manufacturing sites or warehousing facilities.
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There are many different forms of fragmentation schema available for this kind of scenario. The choice of format is therefore dependant on the application of the data system.  In the Smile Factory case, the afore mentioned facts would seem to reflect a need for a vertically fragmented design. The business processes involved lean to a highly localised datasets being used that are geographically based. This would indicate that client tables can be fragmented along attributes like city, postcode and address. Other tables like staff and facilities (surgeries) like wise are local to the site of operation and can also be split by the primary key attributes with the key format being used to signify site location. Tables like the tariff and tax coding’s are more universal in use and do not offer convenient ways to be fragmented. 
The use of a vertical fragmentation distribution offers several benefits with this design.  As the data is localised to the site involved, Aggregation of web services like on-line appointment booking can be simplified using redirection to dedicated webservers at the site of operation. This decentralisation of services increases the accessibility of services across the system and improves security by compartmentalising potential data breaches and limits accessibility to user groups at the working sites.  This is especially important as the attack surface of such a widely distributed network is very large and mitigation strategies such as compartmentalisation and in-depth backups can reduce downtime and maintain integrity if affected systems quickly and with minimal disruption.
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For the Smile Factory, the use of the vertical fragmentation schema will be used with modification.  The main strategy is to treat each site as an autonomous system that is integrated as a subsystem of the whole data system.  This has a parallel with biological systems where single organisms interact as a single organism, an example of this is coral where animals live within a calcium matrix and yet pass nutrients and oxygen to each other.  Each site will be responsible for the protection of their segment of the DBMS with backup being performed hourly to a local backup store, weekly replications being sent to at least three other network sites and copies of archival data being packaged and sent to the head office on a regular basis. The transaction logs when implemented will be shared with head office and two partner sites. The dispersal of the data across the network being used to improve disaster mitigation and recovery times. Common tables like tariffs and tax coding will be maintained by the head office with local copies being stored at the branch offices and updated at regular intervals. The use of locally based datafiles will maximise availability for the branch concerned and will minimise the use of the network for information retrieval increasing search times and providing a layer of isolation from the security point of view.  The network can still be used for remote querying, but this is an inefficient use of the resource. A better use would be to restrict the network usage to the transfer of summarised data with links to the local storage locations for the data concerned, Most MIS systems operate in this fashion with the data volume diminishing as the information goes higher within the management structure.
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As previously mentioned, the use of a Vertically Fragmented DBMS can reduce damage to an information system by limiting the to a small part of the database where the intrusion is local to that system.  This being so, the possibility of a viral infection attacking several sites across the network cannot be ruled out. This is where the manner and format of backup strategies comes into play.  Traditional strategies follow several tried and tested methods. These include multiple generation copies, offsite backup stores and protected central archives.  With a Wide Area Network (WAN) all these methods are suitable but have associated costs in the form of data traffic overhead and slow access times. This is especially so where centralised protected archives are concerned.  These are monolithic in nature, offer a single point of failure and require a lot of bandwidth when processing network data or transmitting recovery files.
As the business is WAN based, there are several additional features that can be leveraged to aid in recovery.  Firstly, neighbouring nodes on the network can distribute local snapshots of the database to each other ensuring multiple sources of recovery. Secondly as the snapshots are relatively small and are transmitted along several connections the overall bandwidth is reduced and can be further minimised if a well-designed schedule is implemented to load balance the traffic along different segments of the network. Conversely, if a site needs a partial or full restoration, datafiles or segments of datafiles can be send simultaneously from different sites to speed up the process. This is a technique akin to that used by Torrent networks for file downloading.
Additional Protection can be gained in the use of replication planning.  Database snapshots are very good at saving the state of a database at the time that it is taken.  How ever they are limited in the amount of data that they can restore and may not be fully synchronised with other parts of the database system.  This is where replication comes into play.  As the name implies, this is a total copy of the database.  These can be partial or total copies; their use is determined on the backup requirement.  Typical schemes utilise a total replication every twenty-four hours with partial replication being performed every four hours with snapshots being taken every 30minutes.  The Idea is that should corruption of the database be discovered the affected tables can be rolled back to an earlier state with minimal los of data.  This scheme also provides different levels of restoration should the damage be more pernicious.
	Another restoration technique which has not been incorporated into the Smile Factory database is the use of a transaction log.  This is a system record for the recording of changes to records held on the system.  The log records what was changed, the values used and the time stap of the operation.  In the event of a massive failure, the log can be used in conjunction with a total replication restoration to rebuild the table states by reconstructing the operations on the tables that had previously been performed. The time stamp being used to synchronise the data entries with other parts of the system.
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Fig 1. Smile Factory Entity Relation Diagram
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Table I. Query Description and Function
	Function
	Purpose
	

	Client Appointments
	Create an Appointment
	

	
	Recover Appointment details
	

	
	Update Appointment Status
	

	
	Delete a Appointment
	

	
	List Appointment History
	

	
	List Upcoming Bookings
	

	Client Details
	Add a Client tot the Database
	

	
	Update a Clients Details
	

	Client Accounting
	Invoice Payment
	

	
	Retrieving Invoice History
	

	
	Invoice Creation
	

	
	Updating invoice Items
	

	
	Invoice Posting
	

	
	Account Balance Updating
	

	
	Account Detail Updating
	

	Staff Management
	Add new staff records
	

	
	Update staff records
	

	
	Update Staff Status
	

	
	Update Staff Diarys
	

	
	List diary events
	

	Surgery Management
	Create Surgery Entries
	Creates new surgery records for the appointments systems using pre-existing roster data.

	
	Create Rosters
	Create new roster information, temporary team changes, special rota’s 

	
	Create new rosters
	

	
	Update current rosters
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Table II. View Description and Function
	Function
	Purpose
	Tables Used
	

	Appointment list
	Show booked appointment slots of a surgery on a specified day
	Appointments, surgery
	

	Appointment Availability
	Show available appointment slots of a surgery on a specified day
	Appointments, surgery
	

	Invoice detail
	Displays individual invoice details
	Invoice, invoice line item, client, account
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