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[bookmark: _Toc40977880]1. Introduction
This report will evaluate the benefits and drawbacks of key-value databases and document-oriented databases and provide suitable applications that demonstrate their benefits. Example database designs will be given for both databases and an explanation for why a key-value database could still require a SQL database with a database design will also be included. The reasons why a graph database being used for a social media site may be suitable will also be discussed. 
[bookmark: _Toc40977881]2. Key-Value Databases
A key-value database is a nonrelational database that stores data using a simple key-value method [1]. A benefit of this type of database is its simplicity due to it being schema less [2]. As a result of this simple format, read and write operations are fast [3] which is another benefit of this type of database. A further benefit is the ability to store any data type, including a Binary Large Object (BLOB) [4]. It also has the capability of scalability i.e. hefty amount of data [5]. A final benefit is that is optimised for high throughput [6].
A drawback to key-value databases is the value must be updated as a whole, so large values can affect the performance [7]. Another drawback is you need to know they key in order to look up the value [8]. A further drawback of key-value databases is that they may not support range-queries [9]. A final drawback is that it does not have a standard query language like SQL as they are designed for easy lookup operations [10]. 
A key-value pair needs a unique key which allows you access to the value connected with the key [11]. Values can be a variety of data including a string, an integer, an array or a JSON structure [12]. Namespaces group keys together and keys can be the same across namespaces, as long as they are unique within a namespace [13]. Key names can help create a namespace e.g. a key name can have its namespace name as a prefix [10]. Hash functions can compress long strings or numbers into a small hash value that can be used as a key [14]. A typical use of key-value stores is “in-memory data caching” [15] which is used to minimise read and writes to slower systems [15].


A suitable application for this type of database is session management for a shopping site. This is suitable because key-value databases can process read/write operations in a constant stream with low latency [16]. Every user session will have a unique ID, and session data is only ever queried by primary key, so a key-value store is appropriate here [1]. 
Below is an example database design for this application:
This table shows what the user details may look like in the user details namespace called “UserDetailsNS”. This is followed by the table name “user details”, the unique ID of the user “172” and then the attribute name. 
	Key
	Value

	UserDetailsNS:userdetails:172:firstname
	“Tom”

	UserDetailsNS:userdetails:172:surname
	“Jones”

	UserDetailsNS:userdetails:172:dob
	12/09/1976

	UserDetailsNS:userdetails:172:address
	“34 Gerald Street, Hafod, Swansea”

	UserDetailsNS:userdetails:172:postcode
	“SA1 2LM”

	UserDetailsNS:userdetails:172:phoneno
	07283934718



The table below represents what another user’s details may look like:
	Key
	Value

	UserDetailsNS:userdetails:245:firstname
	“Lia”

	UserDetailsNS:userdetails:245:surname
	“Smith”

	UserDetailsNS:userdetails:245:dob
	30/02/1989

	UserDetailsNS:userdetails:245:address
	“65 First Street, Bishopston, Swansea”

	UserDetailsNS:userdetails:245:postcode
	“SA3 9LW”

	UserDetailsNS:userdetails:245:phoneno
	07194828402



This table shows how a typical user session would look. The namespace is called “UserSessionNS”, followed by the table name “user session”, the unique session ID, the related user ID and the attribute.

	Key
	Value

	UserSessionNS:usersession:187:35:firstname
	“Malcolm”

	UserSessionNS:usersession:187:35:surname
	“James”

	UserSessionNS:usersession:187:35:sessiondate
	23/08/2019

	UserSessionNS:usersession:187:35:sessiontime
	18:09:12

	UserSessionNS:usersession:187:35:sessionduration
	1:36:10



Another aspect of a user session may be user messages. This is shown in the table below. The namespace is called “UserMessagesNS”, followed by the table name “user messages”, then the unique message ID, the associated user ID and finally the attribute.
	Key
	Value

	UserMessagesNS:usersmessages:209:112:firstname
	“Polly”

	UserMessagesNS:usersmessages:209:112:surname
	“Ramsey”

	UserMessagesNS:usersmessages:209:112:recipient
	“Mary Russell”

	UserMessagesNS:usersmessages:209:112:senddate
	17/03/2020

	UserMessagesNS:usersmessages:209:112:sendtime
	10:21:04



This application may still require an SQL database should you need to add more complex queries to it. Below is an SQL database design of the application.
	User_id
	First_name
	Surname
	DOB
	Address
	Postcode
	PhoneNo

	192
	Alisha
	Simmons
	10/09/1997
	50 Park Row, Edwinsford
	SA19 3FA
	07767025650

	193
	Laura
	Morgan
	02/01/1985
	63 Sutton Wick Lane, Churchtown
	FK12 1FN
	07001425432

	194
	Mohammed
	Miah
	08/04/1957
	106 Scotswood Rd, Homersfield
	IP20 2XT
	07843578455



	Session_id
	User_id
	Session_date
	Session_time
	Session_duration

	379
	192
	16/01/2020
	09:17:12
	0:45:32

	380
	193
	20/03/2020
	20:01:14
	2:49:02

	381
	194
	29/10/2020
	11:12:29
	1:03:09



	Message_id
	User_id
	Recipient
	Send_date
	Send_time

	311
	192
	Lucy Johnson
	01/08/2019
	12:02:10

	312
	193
	Sharon Stone
	23/04/2020
	21:24:05

	313
	194
	Louis Edwards
	
	



[bookmark: _Toc40977882]3. Document-Oriented Databases
 A document-oriented database is a nonrelational database that can manage and query JSON-like documents [17]. A benefit to document-oriented databases is that they are simple because they require no schema and can store many different types of entities [18]. Due to the lack of schema, another benefit of document-oriented databases is the flexibility [19]. Another benefit is the ability to perform powerful ad hoc queries on collections to find documents [20]. A final benefit is the ease of scalability as collections keep growing [21].
A drawback to document-oriented databases is that they can cause design problems e.g. the programmer may put any type of data into a collection [22]. Another drawback is that, similar to key-value databases, there is no standard query language such as SQL [23]. A further drawback is that the denormalisation causes more data duplication which gives more of a chance of data inconsistencies [24]. 
A collection is a group of documents which share a similar or the same purpose [25]. Collections are designed for quick update, add, search and removal of documents; field values may be used as indexes to make this easier [26]. Document databases use denormalisation in order to not join tables and speed up retrieval and query of data [27]. 


An appropriate application for this type of database is an e-commerce catalogue of products which may have any number of attributes each.  
productcollectionId: 34
product:
{
productId: 176
productname: “Harry Potter and the Goblet of Fire”
productdescription: “Harry Potter and the Goblet of Fire paperback book”
productcategory: “Books”
productprice: £4.50

productId: 177
productname: “Harry Potter and the Sorcerer’s Stone”
productdescription: “Harry Potter and the Sorcerer’s Stone paperback book”
productcategory: “Books”
productprice: £3.50

}
productcollectionId: 35
product:
{
productId: 129
productname: “iPhone X”
productdescription: “Apple smartphone iPhone X model”
productcategory: “Smartphones”
productprice: £500

productId: 130
productname: “iPhone XR”
productdescription: “Apple smartphone iPhone XR model”
productcategory: “Smartphones”
productprice: £700
}
[bookmark: _Toc40977883]4. Graph Databases
A graph database focuses on the relationships between data as much as the data itself [28]. This may be a key reason why the social media site should choose this database. A graph database carries a collection of edges and nodes where an edge represents a relationship between two objects and a node signifies the object itself [29]. A node may have an unlimited number and kind of relationships [30]. A benefit of adopting this type of database for the social media site is that, as the number of relationships increase, the performance stays constant, whereas in a SQL database the relationship queries become much slower [31]. Another benefit of this type of database is flexibility i.e. because the graph structure changes as the applications change, data teams may continually add on to the graph structure which already exists without compromising its current functionality [32]. A further benefit is that you may run powerful search queries based on relationships e.g. what supplier has provided products owned by a group of customers [33]. 
[bookmark: _GoBack]Graph databases also give good insights on what customers need through following relationships by user interactions [34]. The social media site can find what their users are looking at and sharing with other users and can provide more suitable adverts. Another reason why the social media site may want to adopt a graph database is the structure of a graph database is like human thinking because actual facts are being stored in a natural means [35]. Agility is a big benefit of graph databases [36]. As graph databases are schemaless, and highly testable and queryable, an application may be built in an agile, controlled manner [36]. 
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