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[bookmark: _Toc89372629]Abstract
Eco Bike Hubs have requested a new database schema to be designed and implemented to renovate their existing systems. Eco Bike hubs would also like more information to be detailed in a report about the type of storage solution that was chosen and explore the alternative, also the design choices implemented in the final solution. 
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[bookmark: _Toc89372630]1: Design choices, SQL vs NoSQL
In this report section the key differences between the two choices of Structured Query Language (SQL) and Not only Structured Query Language(NoSQL) will be outlined, to reinforce why the decision was made to implement SQL as the database for the Eco Bike Hub. 
[bookmark: _Toc89372631]1.1: Cost
Structured Query Language (SQL) was first used in the 1970’s to access relational databases [1], this was a time when developer time was cheaper than storage so the need to reduce duplicate data was essential. As technology has advanced storage has become more readily available and a near infinite amount can be accessed utilizing cloud computing and this has led to a new approach to the way we interact with data and giving us tools such as MongoDB. Document databases require much less overhead in terms of tables and constraints, reducing the overall cost of designing the structure. 
[bookmark: _Toc89372632]1.2: NoSQL database types
There are several different types of NoSQL database. Most commonly the most notorious are Document/aggregate, Key-value pair, Graph, or column. The NoSQL families are all similarly linked but ultimately each can serve a different application specific purpose. 
[bookmark: _Toc89372633]1.2.1: Document database
A document database such as MongoDB is much like a key value pair as it will have a unique identifier as a sort of primary key, but it offers more in terms of functionality and some document databases such as MongoDB offer ACID interactions as opposed to the usual BASE that is often seen in a typical NoSQL database [2]. Unlike the key-value database, the attributes held within each document can be used for interacting with the database, such as a query could be performed that searches by held data, for example searching for a customer by name in a customer database. The ease of use of this type of database has been a huge factor in the increasing popularity and adoption of the technology [3]. 
[bookmark: _Toc89372634]1.2.2: Key-value
The key-value NoSQL database is one of the simpler formats, it works by storing any of the permitted datatypes with a key, the key is a primary index that can be used to locate, read, update, and delete the tuple. With this type of Key-value database the key is essential for access, and queries on the content will not be viable for finding a record. 
[bookmark: _Toc89372635]1.2.3: Graph database 
Graph databases are often used in analysis and relational settings that allow the entity attribute value model to be utilized. Each entity in a graph can be thought of as a node, where each node is connected to other nodes through relationships. Each node in a graph database will also host its relevant data. 
[bookmark: _Toc89372636]1.2.4: Column families
In a column graph database data is cells grouped into columns, at a first glance the appearance is like a traditional relational database such as SQL where the concepts of rows and columns shape the storage of data, and much like SQL the structure of the database must be defined before the data is inserted although column databases store the data in a different way, the data is stored in rows for fast access creating a column centric view that is ideal for queries that will match multiple columns and aggregate functions [4]. 

A column entry may hold many items of data as a group or family of data and is identifiable by the columns key. The columns key allows the database to be navigated quickly by searching for the entry in an optimal manner with a mass of data held at each point within the column. The utility of this format of big table is essentially to reduce the number of tables required to one, and to have all the data that would typically brought together with joins in an SQL database, held in one grouping of data at one “row”. 

A unique benefit of this type of database that has an interesting advantage over its ancestors is the lack of requirement for the predefined structure to be filled at each “row”, where in a relational database a NULL value would be required, preventing sparse data, and saving storage [5]. 
[bookmark: _Toc89372637]1.3: Data Structure 
SQL is a relational database that utilizes a structured approach to the storage and interaction with held data. The structured approach paradigm uses tables with relations between entities in a predefined schema to achieve a resilient and reliable approach to data management. A structured approach allows for a high level of scrutiny of the held data, ensuring a high level of integrity and minimal duplication of data. Alternatively, to this structured approach, a document database can be used that utilizes a dynamic schema(unstructured). A dynamic schema allows for changes to the shape of the data without impacting the older records that are stored within the database, if these changes to the stored data were to be implemented into an SQL database this would incur the overhead of time to make the changes, merge the old data and downtime for implementation. 
Programmers familiar with JavaScript Object Notation [6] will be comfortable with a document database such a MongoDB as this is essentially just data in a JSON format being stored in an infinite flat file. This has led to developments of certain SQL platforms adopting the use of storing JSON directly. 
[bookmark: _Toc89372638]1.4: Scalability 
When comparing the scalability of SQL and NoSQL there are two approaches, SQL scales vertically which essentially means that to increase the overall storage capacity the hardware of the machine the database is held on must be upgraded. Opposed to vertical scaling there is horizontal scaling, where it would be a case of partitioning the database over more machines and distributing the load by adding more machines to the cluster. NoSQL is a rapidly scalable solution; this comes as a massive benefit from working within the cloud and is a huge advantage over an SQL database. 
[bookmark: _Toc89372639]1.5: BASE and ACID 
Typical SQL databases follow the ACID paradigm where most NoSQL databases follow the BASE principles. ACID provides consistency where BASE provides high availability [7], CAP theorem states that it is impossible to achieve both consistency and availability in a partition tolerant distributed system [8], the fundamental difference between BASE and ACID is how they approach this limitation [9]. 
NoSQL is mostly utilizing the BASE paradigm, with some ACID transactions. MongoDB updated and started to support ACID. A commonly cited drawback of NoSQL was the lack of ACID transactions across multiple documents, but this was solved in the 4.2 release [2], Including across sharded clusters.
[bookmark: _Toc89372640]1.6: Performance
SQL will come out on top when carrying out complex, analytical, repetitive queries, but NoSQL will have excellent performance for simple tasks such as a linear query, especially when working with data in a flat file. NoSQL will often beat the performance of SQL when the SQL query is required to access data across many tables with joins [2] [10]. 
[bookmark: _Toc89372641]1.7: Where to use SQL 
SQL is a great choice if the data is well defined, structured, and relational and the format of the data is unlikely to change [11]. SQL is ideal when data integrity is paramount. It’s also best for fast analytical queries [12]. 
[bookmark: _Toc89372642]1.8: Where to use NoSQL 
NoSQL would be the ideal choice when there is a need to have a rapidly scalable solution that can grow with the requirements of the database and where the format of the data inserted can be flexible and adapt to the requirement changes of the data models. NoSQL is also a good option when there is a large volume of unstructured data [2]. 

[bookmark: _Toc89372643]2: Design choices, performance tuning 

When designing a database, considerations must be made to the performance of the database when in a production environment and this will be achieved at the design stage by identifying the important attributes that will be commonly accessed, the implementation of secondary index’s must be carefully considered, the important factors to question such as should these secondary indexes become the primary key of the respective table, and would the implementation be worth the upkeep? [13] This requires analyses of the most important transactions within the database to identify the common interactions as these may cause a bottle neck in performance [14]. 
A frequent means of accessing a customer’s information may be through personal details that can be queried by the system such as the customers postal code, this would allow an employee to quickly pull up the customers details if they do not have their customer id card or Eco number on hand. 

A foreign key that may be used to query data frequently would be the customers ID in the vehicle table, when an employee is searching for a specific customers vehicle without the vehicles serial number on hand to search by. 

Frequently, members of staff will have to locate a bike part within the system, this may be a case of browsing to find the right fit so queries will often be performed on the parts type, to narrow down the search. This would be an ideal candidate for a secondary index. 

Further performance tuning can be implemented using views, views limit the amount of data that can be interacted with depending on the user’s role. This is a virtual relation that is user specific providing data independence from the database in whole. This doubles as a form of security that can be implemented at a base level to ensure that the type of data being served to the user is within their permitted scope by hiding data [13]. 
[bookmark: _Toc89372644]3: Transaction
Eco Bike hubs encountered a re-occurring issue with their old system that rental bookings would often end on days where the business would not be able to facilitate the return of the borrowed goods, such as on a Sunday the shop will be closed therefore a booking may not be returned then. 
A transaction was designed that would determine what day the vehicle was due to be returned and ensure that it would not allow a booking to be entered with a return date due on a Sunday.
This can ultimately be solved with a few different options, most common method for solving this would be to add or remove a day if the return date falls on Sunday alternatively the transaction could be forced to fail and prompt the customer to select a different day for the return. 
The transaction also ensured that the time of the start and end date fell within the businesses opening hours to ensure the return is correctly determined. 

Another design constraint to be considered was during the bookings of repairs customers were unable to book specific return dates as the system had no means of tracking this request. This can be solved by adding a date field to the bookings table that tracks the return date. This will be an alternative to the return date when booking a rental. 
[bookmark: _Toc89372645]4: Distributed database solution

To effectively distribute the database [15] across the Eco Bike hub stores and warehouses a selective replication approach will be taken, utilizing a homogeneous system to reduce the overall complexity, licencing and training requirements. 

The selective replication approach is ideal in this scenario, offering a lot of benefits to the overall architecture of the system with the means to reduce the amount of duplicate data, while also reducing the amount of data that is transmitted over the internet and the cost of storage. It will also benefit the speed of transactions by increasing the locality of reference as the most relevant data can be split and held closer to the required locations [16].

A full centralised approach is technologically feasible using the cloud, this would ultimately negate the need to implement a fragmentation schema as all the held data could be remotely accessible through a cloud storage solution. The cost of a cloud solution would be the ultimatum in deciding the feasibility of a fully cloud centralised approach [17]. 

Alternatively, to a fully centralised approach, a selection of tables could be held on the cloud to improve accessibility of the system for customers that frequently visit the different stores around the country, this would allow one customer to have one account for all branches. This could also be useful for storing vehicles in the eventuality that a customer was at one branch and wanted to buy or rent a vehicle that is stored at another, an order could be placed to have it delivered to the closer premises to improve the quality of the service the eco bike hub delivers. 

Selective replication would also utilize horizontal fragmentation [18] of the other tables to reduce the storage requirement on each location and increase the efficiency of the system [19]. 

The horizontal fragmentation on the following tables will allow for the optimal implementation of the schema. 
· Staff
· Sale
· Booking
· Requests
· Trading and the associated sub trading tables
· Maintenance Bookings and the associated sub maintenance booking tables

All the listed tables could be fragmented by the where clause on the branch field as this will identify the related information to the branches. 

For example, 
	SELECT * FROM Staff WHERE Branch = 'Eco Bikes Swansea Town'

These tables will also be updated frequently with information that is specific to the stores that will also house the data, making them ideal candidates for fragmentation as the structure of the tables remain the same regardless of the branch that hosts it.

Replication will be carried out on the selected tables as the data held within them will be relevant regardless of the branch the database is hosted at, and the data within the tables will not be updated frequently enough to require live updates. The data held within the replicated tables could be a routine update schedule or an overnight update when the system is not in use to reduce any impact it may have to maintain availability.

Replication will be carried out on the following tables

· Manufacturer 
· Branch
· VehicleType
· Part
These tables are static in nature and will be infrequently updated but often accessed through a query or as part of a sub query. 

[bookmark: _Toc89372646]4.1: Reconstruction of global relations
To reconstruct the global relations back in to one central database the original table formats will still be valid and the horizontal fragments will be whole so the UNION operator will be able to recompose the database [20]. 

For example, here the union operator is used to join the two tables for the Swansea and Cardiff branches. 

	SELECT * FROM Staff WHERE Branch = 'Eco Bikes Swansea Town'
	UNION ALL 
SELECT * FROM Staff WHERE Branch = 'Eco Bikes Cardiff Town'

If the fragments were of a vertical nature a full outer join would be the solution to reconstruct the tables [21]. 
For example, this would be the structure of the full outer join that would be used for re-assembling the vertical fragments in the instance of vertical fragmentation

	SELECT * FROM Staff1 
	FULL OUTER JOIN Staff2 ON Staff1.StaffID = Staff2.StaffID

 
References

[1] 	E. F. Codd, “A relational model of data for large shared data banks,” 1970. [Online]. Available: https://www.semanticscholar.org/paper/A-relational-model-of-data-for-large-shared-data-Codd/d798cb0ef57f71958e900c2a95723b7ef1ff2a34.
[2] 	L. Schaefer, “nosql-vs-sql,” [Online]. Available: https://www.mongodb.com/nosql-explained/nosql-vs-sql.
[3] 	H. E. G. L. a. J. D. Jing Han, “"Survey on NoSQL database,",” [Online]. Available: https://ieeexplore.ieee.org/abstract/document/6106531.
[4] 	A. Fowler, NoSQL for dummies. 
[5] 	R. Vishwakarma, “The Different Types of NoSQL Databases,” [Online]. Available: https://www.opensourceforu.com/2017/05/different-types-nosql-databases/.
[6] 	D. Crockford, “ "the JavaScript Object Noation",” Internet Engineering Task Force (IETF) , december 2017. [Online]. Available: https://tools.ietf.org/html/rfc8259#page-16.
[7] 	M. Aleksic, “ACID vs. BASE: Comparison of Database Transaction Models,” November 25, 2020. [Online]. Available: https://phoenixnap.com/kb/acid-vs-base.
[8] 	Seth Gilbert and Nancy Lynch, “Brewer's conjecture and the feasibility of consistent, available, partition-tolerant web services,” [Online]. Available: https://dl.acm.org/doi/10.1145/564585.564601.
[9] 	O. corporation, “Atomicity: Chapter 11. Berkeley DB Transactional Data Store Applications,” [Online]. Available: https://docs.oracle.com/cd/E17276_01/html/programmer_reference/transapp_atomicity.html.
[10] 	Y. L. Sathiamoorthy Manoharan, “A performance comparison of SQL and NoSQL databases,” 27-29 Aug. 2013. [Online]. Available: https://ieeexplore.ieee.org/abstract/document/6625441.
[11] 	B. N. Benjamin Anderson, “A look at SQL and NoSQL databases, their key differences and which option is best for your situation.,” [Online]. Available: https://www.ibm.com/cloud/blog/sql-vs-nosql.
[12] 	M. Chan, “In choosing between SQL vs. NoSQL, you’ll need to think about what your data looks like, how you’ll query it, and your scalability needs.,” Mar 5, 2019 . [Online]. Available: https://www.thorntech.com/sql-vs-nosql/.
[13] 	T. P. Peter Gulutzan, “SQL performance tuning,” pp. ch9 p211 - indexes, ch8 p207 - views.
[14] 	A. K. V. H.-F. G. C. Sadhana J. Kamatkar, “Database Performance Tuning and Query Optimization,” 10 June 2018. [Online]. Available: https://link.springer.com/chapter/10.1007/978-3-319-93803-5_1.
[15] 	A. M. Tamhankar and S. Ram, “Database fragmentation and allocation: an integrated methodology and case study,” IEEE. 
[16] 	M. P. R. B. A. D. Avinash Gawande, “Horizontal Fragmentation Technique in Distributed Database”. 
[17] 	C. Thomas Connolly Begg, https://librarycatalogue.uwtsd.ac.uk/primo-explore/fulldisplay?query=any,contains,database%20systems%20a%20practical%20approach%20to%20design%20implementation%20and%20management&vid=44WHELF_UWTSD_VU1&search_scope=CSCOP_EVERYTHING&sortby=rank&tab=tab1&doci. 
[18] 	“Fragmentation in Distributed System,” https://www.tutorialride.com/distributed-databases/fragmentation-in-distributed-system.htm. 
[19] 	http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.206.4414&rep=rep1&type=pdf . 
[20] 	W3 schools, “SQL UNION Operator,” https://www.w3schools.com/sql/sql_union.asp. 
[21] 	w3 schools , “SQL Joins,” https://www.w3schools.com/sql/sql_join.asp. 








2

