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Abstract
There are many emerging technologies in the world of web development. These new technologies have the potential of creating a huge impact on the future of web development. Web developers will need to use different technologies for different applications. Different approaches to databases are used depending on how they will be used. This report evaluates a NoSQL database approach and compares it to a traditional SQL approach. A typescript application will showcase different dynamic website elements including using a REST web service to edit a database. 
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[bookmark: _Toc5366365]1. Introduction
For a technology to be have a huge impact on web development it needs to be innovative and adopted by developers. There have been massive technologies in the history of web development that have become the go to way of development. For example, adobe flash player used to be used for displaying video on websites, but when HTML5 came out it had the capability of playing video without the need for third party technology and most websites adopted it. This changed the way developers approached designing a website for sharing videos [1]. There are many technologies that get created that give developers new approaches to develop their sites, and some have the potential to have a great impact on the future of web development.

[bookmark: _Toc5366366]2. MongoDB
MongoDB is a DBMS (Database Management System) that is a NoSQL database solution [2]. NoSQL refers to a database technology that does not follow the model of relational databases [3]. The technology is flexible enough to be used in different industries, being adopted by search engine giant Google, video game company SEGA, and even being used by the UK government’s digital services [4]. It is this flexibility that makes MongoDB such a compelling choice for developers. MongoDB has also been shown to have good performance in regards to reading and writing to databases [5].
Applications are storing more data than ever, and accessing that data at increasingly higher rates. Running the application on a single server means that you will eventually hit a scaling limit. MongoDB is able to scale by adding more servers, allowing for more capacity when it is required. MongoDB is a document database, meaning that is non-relational [6]. A record in a document database is called a document [7]. Documents are assembled into collections which are similar to tables in SQL databases [8]. It stores and queries data as JSON-like documents. Normalisation is not a thing that is done in MongoDB. Document databases make it easier for developers to work with databases because they use the same document model format as is in their applications code.  
MongoDB is a good option for developers because it includes features like full index support, sharding, and replication. Sharding is useful because it allows the database to be partitioned into smaller, easily managed parts called data shards. It is also open source with many developers making unofficial applications for use with MongoDB, such as Robo 3T, a GUI for creating MongoDB databases. MongoDB functions across different platforms, meaning if you are a MAC OS X or Linux user you are able to work with MongoDB. 
[image: ]
Figure 1: MongoDB Products
Source: Adapted from [9]
Figure 1 shows the products that are officially available from MongoDB. Developers are going to want to be doing different things with this technology and having products available to suite a variety of different needs is a reason why MongoDB is a great choice for developers. The initial release of MongoDB was in 2009, and in 2016 they announced MongoDB Atlas, a way of running MongoDB in the cloud. In 2018 they launched new database cluster sizes and cloud regions on Googles cloud platform. It is clear that MongoDB is continuing to evolve and add more features, improving the developers experience with the technology. 
MongoDB also features analytic tools that are not available on competing NoSQL solutions. Real time data reporting is supported, generating a graph to display how much traffic the database is getting. MongoDB does a good job of integrating all of its tools together so you do not to spend huge amounts of time setting things up, compatibility between software works with minimal setup. 
MongoDB is one of the most popular NoSQL database solutions available [10]. It is horizontally scalable, which means that more computers can be added to increase the performance of the system for when there is more data throughput. Sharding allows the database to be distributed across a cluster, further increasing performance and reliability. MapReduce is also supported which is a technology that allows the answer to a query to be organised and reduce the results. 
MongoDB allows for executing queries on collections, and is capable of some more complex aggregations, which sets it apart from other NoSQL technologies [11]. Big data and the demands of modern tech companies have shown that NoSQL is very much a required technology, and MongoDB is being widely adopted because of its feature set. In the future as computer technology keeps improving, MongoDB has the potential to offer all of the benefits of NoSQL while also being a good choice for developers who would typically use SQL databases. This is because of MongoDB’s strong integration between software and working to try to standardise NoSQL database management.
[bookmark: _Toc5366367]3. NoSQL vs Traditional SQL
There are reasons that developers sometimes opt to use a NoSQL database over a traditional SQL database. We use NoSQL databases for big data, because relational databases are not able to handle the immense amount of data that some companies are processing [12]. Big data is usually defined by the volume, variety, velocity and the veracity of the data, with the variability sometimes being taken into account. 
The volume of the data can be petabytes. The variety of the data can be structured, unstructured and contain many different types of data e.g. images, video, audio etc. The velocity of data refers to the stream of data. Big companies like Amazon and Google are continuously streaming data nonstop. The veracity is the uncertainty of data collected, and the variability refers to different interpretations of the same data [13]. With the sheer amount of data that a company like Google is dealing with, using an SQL database is out of the question. SQL queries would take far too long searching through petabytes of data, and they not as scalable as NoSQL databases.
SQL databases do have their uses though, with some features that are not available on NoSQL databases. With an SQL database you can enable enforcement of referential integrity, and SQL works on lots of different platforms and the code for queries is universal across them. Creating SQL databases is easier than NoSQL databases. There is no standard for NoSQL databases, meaning switching between them means having to learn how to use each one. 
NoSQL databases do not use a schema so any type of data is supported [14]. Big data demands low complexity, so the lack of a schema is fine in this use case.
There are more advantages to NoSQL databases than just their use with big data though. Being flexible they fit the agile methodologies that a lot of developer’s teams will be using better. There are lots of options available for tools to manage NoSQL databases, and NoSQL is seeing a lot more innovation than SQL databases. MongoDB is offering some of the features and benefits traditionally associated with SQL, but for NoSQL databases.   
A key-value database is an example of a NoSQL database system [15]. Key-value databases provide low latency and high throughput [16]. The concept is to use a hash table and provide each item of data with a unique key and a pointer [17]. Data can then only be accessed by using the key. An example of a key-value database is Amazons simpleDB. Indexes record the mapping between keys and values which allows for fast queries [18]. The value that is stored is the actual data and because there is no schema this data can be of any type. Key-value store provides two simple operations: KV pair insertion and key lookup [19].
Key-value databases are useful for the duration of a user’s session on a website. A user can log in and browse a store and during their time on the store, what products they view may be tracked and personalised themes applied, with recommendations and promotions shown to the user. Each user has a unique identifier and the session data is never queried by anything other than the primary key, which means key-value store will be efficient at this task. 
Key-value databases for big data are being stored across multiple computers, splitting the data between machines, while a coordinator machine directs clients to the machine with the resource that they want to access. When a machine goes down, the user wanting to access the data will be unaffected, because of the redundancy built into the database system. An SQL server will not have the same fault tolerance as this, because they cannot be distributed in the same way. Key-value stores are not good for more advanced querying though. 
Distributed key-value store consists of four layers: key-value store API layer; data fetch layer; routing layer; and storage layer. The key-value store API layer provides the APIs for applications, such as get/put operations [20]. The second layer will convert data into chunks and the storage layer stores those chunks. The routing layer controls the look up of storage nodes that has a chunk that is needed. These systems can store billions of key-value pairs and provide speedy connectivity to a huge number of users [21].
One of the most popular SQL database management systems is Microsoft SQL Server. Being a Microsoft product it has good integration with other Microsoft products and services. Visual Studio has integration with SQL server, as does Microsoft Azure services. Microsoft SQL server allows for other software to connect to it and perform operations on the data. Microsoft SQL Server is used when data needs to be structured and the data is not considered big data. Universities will often use Microsoft SQL server, because a university will need data to be organised, and queries to be performed across multiple tables, combining data into an understandable report. A key-value store would not allow for the organisation of data required by many institutions. SQL allows for complex queries, for example, if a university wanted to see all students from Llanelli doing applied computing, who are over the age of 25 and are male, this could easily be achieved with standard SQL code. SQL queries allow for joins between tables, so data can be viewed however the user wants to see the data, assuming they know what SQL code to enter. 
SQL databases are what is known as vertically scalable, meaning you can upgrade the existing machine, but is not going to equal the compute power of a resource that is horizontally scaled. SQL emphasises ACID (Atomicity, Consistency, Isolation and Durability) whereas NoSQL follows CAP theorem (Consistency, Availability and Partition tolerance) [22]. Having primary and foreign keys in SQL tables allows for data to be accessible between tables, relationships to be set up to ensure data is accurate, and for unique identifiers to remain unique.
The development of NoSQL databases is continuing with options like MongoDB being updated regularly, with new compelling features added every now and then. NoSQL is essential for big data, which means massive tech companies like Google, Amazon and Facebook are all using various NoSQL technologies that are continuing to evolve. 

[bookmark: _Toc5366368]Conclusion
There are different reasons why a developer would want to choose SQL or NoSQL. SQL is suitable for databases that are smaller in scale and where complex queries are needed to be complete. NoSQL is suited for big data with many options available, like MongoDB, key-value stores, but there is also a lack of standardisation. Managing a NoSQL database can be complicated, and setting up a distributed database for big data is very complicated and pricey challenge, but the performance and reliability when done right is worth the effort. 
[bookmark: _Toc5366369]4. Typescript Application
[image: ]
Figure 2: The home page of the web application
There are two links to pages that utilise typescript. The first writes some text and adds two numbers together. The second writes the current time and date. 
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Test 1: What happens when first page is loaded?
Expected result: It should write “Hello World”, “Goodbye”, and the answer to a maths equation.
Actual Result: It displays as expected.
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Figure 3: TypescriptDemo1 page

Test 2: What happens when the second page is loaded?
Expected Result: The date and time should be shown.
Actual Result: The data and time is shown.
[image: ]
Figure 4: The date and time being shown correctly in TypescriptDemo2

[bookmark: _Toc5366371]5. REST Web Service
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Figure 5: The REST service contracts
A WCF REST service was created and connected to a website.
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Test 1: Can all of the records be viewed?
Expected Result: Clicking the link to view all records should display all of the records.
Actual Result: The records are displayed. 
[image: ]
Figure 6: All of the records in the database being displayed





Test 2: Does the delete function remove the record from the database?
Expected Result: The record should be deleted.
Actual Result: The record is deleted. 
[image: ]
Figure 7: The record with ID 2 is deleted

[bookmark: _Toc5366373]6. MongoDB Demonstration Code
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Figure 8: The MongoDB Atlas GUI
The MongoDB database being used for this example has been created on the cloud via MongoDB Atlas.
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Figure 9: A look at the driver selection screen on MongoDB Atlas
A lot of different programming languages are supported by MongoDB.

[image: ]
Figure 10: The code to read/write to the database
This example is simplistic, but shows that storing data on a database in the cloud with MongoDB is a good option for those looking for a solution that works with different programming languages and are also looking for some analytical tools.  
[bookmark: _Toc5366374]Testing
Test 1: Can the application read the database records?
Expected Result: The records are shown in the console application.
Actual Result: The records are displayed correctly.
[image: ]
Figure 11: The records from the MongoDB database shown in a console application


Test 2: Can records be added to the database?
Expected Result: Records can be added.
Actual Result: Records are added successfully, however the program needs to be restarted to view the most recent entry into the database.
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Figure 12: The console application adding records. 
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adopted it, changing the way developers approach designing a website for sharing videos.
There are many technologies that get created that give developers new approaches to

develop their sites.

2. MongoDB

MongoDB is a DBMS (Database Management System) that is a NoSQL database solution [1].
The technology is flexible enough to be used in different industries, being adopted by search
engine giant Google, video game company SEGA, and even being used by the UK
government's digital services [2]. It is this flexibility that makes MongoDB such a compelling
choice for developers. MongoDB has also been shown to have good performance in regards
to reading and writing to databases [3].

Applications are storing more data than ever, and accessing that data at increasingly higher
rates. Running the application on a single server means that you will eventually hit a scaling
limit. MongoDB is able to scale by adding more servers, allowing for more capacity when it is
required. MongoDB is a document database, meaning that is non-relational [4]. A record in a
document database is called a document [S]. It stores and queries data as JSON-like
documents. Normalisation is not a thing that is done in MongoDB. Document databases make
it easier for developers to work with databases because they use the same document model
format as is in their applications code.

MongoDB s a good options for developers because it includes features like full index support,
sharding, and replication. Sharding is useful because it allows the database to be partitioned
into smaller, easily managed parts called data shards. It is also open source with many
developers making unofficial applications for use with MongoDB, such as Robo 3T, a GUI for
creating MongoDB databases. MongoDB functions across different platforms, meaning if you
are a MAC OS X o Linux user you are able to work with MongoDB.

3. NoSQL vs Traditional SQL

There are reasons that developers may opt to use a NoSQL database over a traditional SQL
database. We use NoSQL databases for big data, because relational databases are not able to
handle the immense amount of data that some companies are processing [S]. Big data is
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usually defined by the volume, variety, velocity and the veracity of the data, with the
variability sometimes being taken into account.

The volume of the data can be petabytes. The variety of the data can be structured,
unstructured and contain many different types of data e.g. images, video, audio etc. The
velocity of data refers to the stream of data. Big companies like Amazon and Google are
continuously streaming data nonstop. The veracity is the uncertainty of data collected, and
the variability refers to different interpretations of the same data. With the sheer amount of
data that a company like Googl
SQL queries would take far too long searching through petabytes of data, and they not as
scalable as NoSQL databases.

dealing with, using an SQL database is out of the question.
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