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The main objective of this report is to present a proposed distributed database solution for To-Rent estate agent’s business needs and requirements. It also offers an understanding of fragmentation techniques, advantages and disadvantages of using distributed databases based on appropriate examples.
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“To-Rent is a successful estate agent specialized in offering elegant renting services to their potential clients. Due to their successful growth and demand of their service has increased they would like to span their business to different geographical regions in the UK.” (Database Management Systems Assessment 1 - To-Rent Estate Agents)
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[bookmark: _Toc49007771]Fundamental concepts

For a long period, companies used to have only one database management system (DBMS) which permitted them to control their information on a solitary machine. Once organizations scaled out and performed more acquisitions, the need of owning, controlling and getting data from multiple database management system turned into a challenge.  Moreover, it is realized that the database management systems could came from different vendors (for example Microsoft SQL Server, Oracle, IBM DB2 and so forth.) making the data sharing more troublesome. In order to solve this new enterprise –level requirement, a new software - distributed database management system (DDBMS) appeared. A DDBMS represents a software that provide capabilities of managing distributed data.
 “A distributed database management system is defined by the capability of sharing access to data stored on multiple computers. Each machine has a database management system and processing of the enterprise data is performed using communication facilities. ” (Saeed K. Rahimi, 2010)
In the DDBMS proposed solution, to-Rent distributed data to use the entire amount of provided resources. The following strategies could be a possible solution for the estate agent’s requirement (Saeed K. Rahimi, 2010):
· “Keep tables intact (rows and columns stored into the same database at the same location)
· Split part of the tables into fragments/partitions  and stored them locally (localized) or across LDBMSs on the network (distributed)”
Distributed tables can follow one of the following strategies:
· Fully replicated
· Fragmented (partitioned)
[bookmark: _Toc49007772]Fully replicated

	For this solution to be implemented, a copy of each table should be stored at every site. In this case, each region will have an entire database copy. 
It has the advantage to be able to handle data queries locally. To-Rent’s sites interrogate data on their local environment. On the other hand, the data needs to be synchronized all the time. If Darlows branch, which is a branch located in Cambridge list a new property, the change needs to be visible also by Chewton Rose branch which is located into Manchester. Update queries’ performance is affected negatively. 
The cost of updates is considered a disadvantage for this solution and a detailed analysis is required in order to determine if the performance is satisfactory for both interrogation and update queries.
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This approach requires a process of dividing a table into fragments.
The fragmentation can be:
· Vertical
· Horizontal

Vertical fragmentation (VF)
In order to implement a vertical fragmentation, columns of the table is grouped into fragments, and the initial table could be later rebuilt. Each vertical fragment must contains the primary key (PK) of the table.
Consider the original table Staff:
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[bookmark: _Toc48515037]Figure 1: Original table 'Staff'


For security and privacy reasons, the information about staff’s salary needs to be accessible and managed by the To-Rent company headquarters, which is located into Leeds. 
For this scenario, the table will be break into two fragments:
· One fragment which contains all columns except salary information
· One fragment which contains sensitive data (salary information)
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[bookmark: _Toc48515038]Figure 2: Staff table vertical fragmentation with salary information
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[bookmark: _Toc48515039]Figure 3: Staff table vertical fragmentation without sensitive data (salary)

Horizontal fragmentation (HF)
“Comparing with vertical fragmentation, horizontal fragmentation will group rows of a table instead of columns. Every horizontal fragment must include all column existing into the base table” (Saeed K. Rahimi, 2010). 
Consider we have two To-Rent branches in the same region, with each employee working at only one office. For this case, the information for a given employee ca be stored in the database management system server located at the region where that employee works.
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[bookmark: _Toc48515040]Figure 4: Original table 'Branch'
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[bookmark: _Toc48515041]Figure 5: Original table 'Staff'
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[bookmark: _Toc48515042]Figure 6: Horizontal fragmentation for employees working at 'Chewton Rose' branch

This approach has the advantage that the data is frequently interrogate where it is need. Andre Court will not interrogate information about Nick Davies as they are working in different branches and regions. It can also enforce security and data privacy.
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[bookmark: _Toc49007775]Modular development

As To-Rent estate agent needs to scale out the business to multiple geographical regions, using a distributed database system will be easier to implement with adding new computer assets to the new destinations and connect them to the distributed system. This approach will not cause interruptions into the current functionalities. (International Journal of Innovative Research in Computer, 2017). For example, if there will be another area added for To-Rent organization, the only required effort is to connect a new server (computer resource) to the existing distributed system. Existing functionality is not be impacted and there will be no downtime.
[bookmark: _Toc49007776]Improve performance

“Having data stored on multiple locations results in the ability of performing parallel transactions. Which increase the retrieving action’s performance.” (International Journal of Innovative Research in Computer, 2017). Additionally, if the system is designed in an efficient manner, then the user request can be handle by the local server where the data is mostly used and the response time will be significantly reduced, comparing with a centralized database management system where all the requests need to be processed by only one machine. For example, retrieving only properties allocated to branch where Andre Court is working is faster than interrogating all the time the entire property table.
[bookmark: _Toc49007777]Reliability

“In order to determine the reliability of a system, an analysis of the numbers of failures happened into an established time interval is performed. The result probability represents the reliability of the system.” (Principles of Distributed Database Systems, 2011)
If a component of the distributed system fails, the functioning of the system continues. It can have a reduce performance but will not stop the entire activity as it would be the case of a centralized database management system (DBMS). 
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[bookmark: _Toc49007779]Complexity

“Database administrators may need to accomplish additional work to guarantee that the dispersed idea of the system is straightforward.  The database administrators will execute more configurations to be able to represent the detached idea of the database; merges become restrictively costly when performed over various systems”  (Distributed Database Problem areas and Approaches, 2016)
[bookmark: _Toc49007780][bookmark: _GoBack]Data integrity

“Saving the trustworthiness of a dispersed database is not a simple errand, especially when all or some portion of the database is recreated at various locations. An update of such a database is dependent upon various issues worried about organizing a progression of updates entered at various locations and safeguarding right passage of updates into all duplicates of the database” (Maintaining the integrity of distributed database)
It could be a challenge to assure the integrity of data over multiple To-Rent regions. In addition, if the data were not properly maintained, it would be difficult to notice and could cause seriously business issues. (e.g.  If an agent already rents a property, and another agent is not seeing the update in real-time then this could lead to a second rent client, which will not be able to finish the transaction once the error is noticed).

[bookmark: _Toc49007781]Deadlock management

“If multiple users access the same resources, at the same time, when a locking synchronization mechanism is applied a deadlock could happened. The concept of having a deadlock in a distributed database management system is similar with the deadlock issues resulted into operating systems.” (M. Tamer Özsu, 2011)
[bookmark: _Toc49007782]Database design more complex

“Additional challenges are raised by distributed database management systems in the design phase: operating systems must support DDBMS, a dedicated software may be required, and replication strategies and data fragmentation introduce more complexity.” (Distributed Database Problem areas and Approaches, 2016)
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Having a distributed database system implemented would be an appropriate solution for To-Rent agent estate organization, as it offers an efficient way to scale out the business into multiple regions. Despite it challenges managed by gaining progressive experience with distributed database systems, there are advantages that represents a real benefit such as performance, availability, security (restricting sensitive data access) and reduce cost on a long-term perspective.
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