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[bookmark: _Toc125012337]Abstract

This report explores the differences between NoSQL databases and relational databases. It finds that while NoSQL database types are used much in industry that relational databases can still find use as secure and crash-proof databases. This report also finds that some NoSQL database types have specialised uses, such as the graph database type that lends itself well to certain data sets. Two possible solutions to a provided scenario have been created and briefly discussed.
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NoSQL databases are an alternative type of database, introduced as the cost of storage dramatically decreased [1]. As the need to keep storage footprints small decreased, a focus on developer productivity and speed appeared. This report aims to cover the types of NoSQL databases, compare their strengths and limitations and present reasoning for using this style of database over the previously established relational database systems.
[bookmark: _Toc125012339]Types of NoSQL Databases
This section shall cover the four common types of NoSQL databases, then present their major differences in strengths.
[bookmark: _Toc125012340]Document
A document graph stores data in a format similar to JSON objects – that is, a list of attributes with names and a value, better known as key value pairs. A key characteristic of these document databases is their ability to forgo a schema definition – simply by adding data to a document, the data structure is then defined [2].
This style of data structure allows for greater flexibility in the data being stored. For example, one document of a pet might have their species and name as attributes, but another might include those alongside additional attributes, such as date of birth, or favourite food. Both entries remain valid inputs in the same document database [2]. As a result, it falls down to the code managing the database to control attributes that you expect to find in every entry.
A strength of these document databases is the ability to nest document entries within others. This effectively removes the need to create relationships between tables as the information is contained within the entry. As this style of database is stored in a format close to that used in code (i.e. JSON or XML format) it is still possible to reference other documents by IDs, as in relational databases, by adding the functionality within the code [2].
Document databases are often used in real time analytics, or for the storage layers of smaller, flexible websites [3].
[bookmark: _Toc125012341]Graph
Graph databases are based on the mathematical “graph theory” [4], which describes a data structure containing vertices and edges, where vertices represent some information, and the edges are the information about the relationships between two vertices.
Graph databases follow this structure, using the more informal notation nodes and edges, to store information. These databases tend to be more specialised, as the applicable uses of relationship information specifically are fewer [2].
To illustrate these databases by example, consider a graph database storing information about train routes. A node may contain the information for a station, storing information such as the location of the station, the facilities within the station and so on. For each train route from this station, an edge is established between this node and the node of the stations these routes go to. The edges themselves will also store information, similar to the nodes, however this information represents the relationship between the nodes – in this case the information could be the time to travel between the two stations, or the distance between them [2].
This allows for some interesting operations on the data to be performed. In this example, to find all the routes from one station to another, the graph can be traversed, allowing for each route’s total time to be calculated through the edges traversed. The shortest route could also be calculated through comparison oof these edge’s information.
Social media sites often use graph databases to store information about its users, the posts they make and the interactions between the two, such as Facebook’s “like” system [2]. Twitter utilises the system in the past in their own graph database application, FlockDB [5] in much the same way [3].
The main advantage of this type of database is the ability to store the information about relationships, as opposed to simply linking data to other data [2].
[bookmark: _Toc125012342]Key Value
A key value database is one of the simpler types of NoSQL databases, which stores data with a unique attribute identifier, a key, alongside the value. For example, you may find a key “Name” alongside the value “Jack” [2]. It is important to note, however, that these keys do not act in the same way as one may expect a column in a more traditional relational database table to – if you have multiple names stored in a key value database, they cannot all use the “Name” key. In a situation like this, a solution is to use a prefix before a key, in order to satisfy the uniqueness condition that keys have – resulting in, for example, “person1.Name” and “person2.Name” as our keys.
This limitation can become cumbersome as systems may need to store many similar attributes about many different things, such as location addresses, prices of objects and so on. In order to combat this, some of these databases use different namespaces for collections of data, allowing them to be considered separately to other information within the same database without needing to obsess over key uniqueness [2].
The values stored alongside the keys are flexible in their type and need not be uniform across a database. These could be strings, string identifiers to indicate a null value, or a BLOB, or binary large object [2]. Due to this flexibility, the code that manages the database takes responsibility for managing the range oof allowed values for any input.
Amazon makes use of a key value database in their Dynamo system to support the large range of services they provide [6].
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Wide column databases, also known as column family databases, are a style of NoSQL database somewhat similar to a relational database format. In these databases, a column is a storage format, rather than a column of values. These columns contain, at a basic level, a name, and a value. A set of these columns, collectively, form a row. Each row in this database may have different columns, and a row can have as many columns as needed for the database [2].
As there may be a great number of columns within a row, columns of a similar type (a column “firstName” and “lastName” for example) can be grouped into column families. As with the columns themselves, different rows can have different column families.
Google uses a wide column style database in their BigTable system, which supports a large number of Google systems and projects [7].
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Despite all these database styles being considered under the umbrella term NoSQL, there are large differences between them.
Key value and document databases both make use of the key value pair format, however document databases have these encased inside a JSON like structure. This gives document databases the strength of storing data in a format close to how they would need to be held within code. A key value database however, is simpler and for certain projects may shine over other database formats for that alone.
Graph databases find their strength in specialised circumstances, providing an excellent format in which to describe relational information regarding other information. While it may be possible to achieve a similar effect using other database formats, graph databases clearly outshine them. Owing to the graph format the database uses, it lends itself well graph traversal methods for certain datasets, extending the strengths for this database type.
Wide column databases appear to be flexible, a trait shared with many NoSQL databases. However, the ability to store columns together in column families provides an amount of organisation over database styles such as key value databases, which often require a prefix to their keys to achieve the same effect.
[bookmark: _Toc125012345]NoSQL vs Relational Databases
Relational databases exist as a solution to the need to keep a system’s storage footprint low, born from the cost old storage hardware brought with it. While these databases are now well established and still find uses in industry today, the introduction of NoSQL databases provides an alternative route to store data. This section aims to describe the major differences between the two styles of database.
Key Value databases, considered the simplest style of NoSQL database, may appear vastly different in structure, but when applying organisational prefixes to a key, similarities to relational databases can be observed [2]. A relational database that stores a customer’s details may have a table “customer”. It may have the columns “Title” and “Name”. In a comparable key value database, the same customer’s information may be described using the keys “Title”, and “Name”. However, as previously discussed, other entities may have a name key and a title key, so to differentiate these keys, we could attach prefix to them, resulting in “customerTitle” and “customerName”. With the possibility of multiple customers stored in the database, the prefix can have a number attached to differentiate them from each other, altering our keys to “customer1Title” and “customer1Name”.
These keys can be correlated to certain properties in the relational version of the database – the prefix “customer1” contains the relational database’s table name and record ID and the rest of the key can correlate to the columns. In this sense, key value databases may be considered to be close to relational databases.
However, the differences set the style apart. While a relational database would require every record to have a column for all attributes, a key value database only needs to include them if they are relevant to the customer. This keeps records concise, only adding the data if it exists.
Wide column databases, which follow a similar row-column format to relational databases, show their differences in the intentional lack of tables in the database. While a row may contain all the same columns as it would in the relational database, it is possible to omit or include additional columns without requiring other rows to match, providing flexibility over relational databases.
Document databases differ from relational databases by minimising the need to utilise joins between information. This is achieved by nesting other entire documents inside documents, allowing information to exist where it is likely to be relevant. While this may increase the storage impact of a database, there are potential speed increases over performing joins in relational databases.
Graph database differ the most, storing data in an entirely different format than the traditional row-column-table format relational databases use. While relational databases can emulate the data storage effect of the edges by using linking tables, the similarity of the graph storage format to graph data structures often used in programming provides a large benefit.
[bookmark: _Toc125012346]Optimal time to use
With the strengths and differences laid out, it’s possible to make a case for the best time to use a NoSQL database over a relational database. One of the main reasons to use a relational database is when a strong conformity to the ACID scheme, which stands for:
· Atomicity – if any part of a transaction is missing or invalid, the whole transaction is considered failed
· Consistency – before and after a transaction, the database should be in a valid state
· Isolation – any transactions occurring at the same time should not affect each other
· Durability – once a transaction has occurred, if the database suffers any failure or error, the data entered remains the same.
Not all NoSQL database are able to adhere to this scheme, whereas relational databases are often built with this in mind. For a secure and strictly maintained database, there is a strong case to use a relational database and make use of the capabilities of SQL that come with it. Relational databases are often built with better crash recovery to help adherence to the Durability aspect of ACID [8]. 
If immediate accuracy is not necessary for a system, but a large number of servers running the same database is required for consistent uptime, databases that utilise BASE – basically available, soft state, eventual consistency – is a good format to follow. Many NoSQL databases tend to lend themselves well to this, however NoSQL databases are found across the whole spectrum between the two schemes [8].
When data can potentially vary, or is unorganised or only semi-structured, NoSQL databases are the better as they prove to be more flexible and able to accommodate this lack of structure [8].
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As part of this report, two example solutions for a given scenario have been created and submitted. This section details the design and differences between the two. Within both databases, a dummy link has been provided in place of a link to an actual product.
[bookmark: _Toc125012348]Relational Solution
A relational database was created following the provided brief. This solution attempts to approach the problem by normalising the required data needed for the system. As an initial design, an entity relationship diagram was created to guide the creation of the required tables.
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Figure 1: The initial ERD digram
The database makes use of relationships through the usual primary and foreign keys, and code that accesses the database can collate the required information for an operation through joins. The “customerAsset” table doubles as both a log of transactions, and a list of what assets a customer owns.
This database also makes use of a trigger function to log any changes made to a table “stock” and log the details in an additional table “stockAudit”. This allows an admin to verify the integrity of data should an incorrect change be made to the table be a user.
[bookmark: _Toc125012349]NoSQL Document solution
Additionally, a NoSQL solution was created, making use of the ability to nest documents within others. With this, a user’s information also stores a list of bookIDs that they already own, and the book entries themselves hold all their required information – author, publisher ect. - within their own entries. This allows for the required information to be right where it is needed. With the bookIDs nested in each user’s entry, an overlying program can search for any entry with a bookID that matches their own books to allow them access.
[bookmark: _Toc125012350]Conclusion
This report has explored the differences between relational and NoSQL databases, exploring the various strengths and weaknesses of each. Following the brief provided for this assignment, two possible database solutions were created in order for the proposed business to consult in order to decide which solution may be the best for them.
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