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The project is focused on making a comparison between a non-serverless application and serverless application. Each application will have a front-end, back-end and database. Both applications will provide autonomous vehicle information from a database. This data could include the vehicle owners details, rental details, the manufacturer details, previous owners details and vehicle tax details. Both applications will be compared using performance and unit testing. With the results gained from these tests a comparison can be accomplished. 
The first part of this project will show research on the technologies that will be used for the creation of both applications. These applications will be assessed as well as the desirables for the database. A test will be needed to compare both applications. To conclude a fair testing process for both applications further examination is required that will include performance testing. Research will be obtained to investigate what tools are being used to retrieve performance data.
The second part of this project, the development of both databases and applications will be shown. The chosen database procedure will be outlined and justified, and the design of both applications will be defined. Testing will be carried out on both applications to achieve a comparison and future improvements will be suggested. 
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[bookmark: _Toc31114100]Introduction

[bookmark: _Toc10224004]All websites, web applications and mobile applications are run by back end technologies that make them available to end users. A usual back end stack will have a database, server, an operating system and server-side scripting languages that the applications are written in.
The server acts as the heart of the network whether it is an on-site server or in the cloud. Servers provide resources that are shared allowing networks to run which will include databases, web services, security and encryption, file storage and email.
Databases, website files and server-side software can be housed by the server. The server will communicate with the network, sending and receiving requests regarding browsers, data and executing files.
The null hypothesis of this project will be to identify if there is no significant difference implementing a database, back end and front end applying the traditional approach to a serverless approach. 
The alternative hypothesis will be to identify if there is a significant difference implementing a database, back end and front end applying the traditional approach to a serverless approach. 
With the increasing popularity of Serverless Cloud Technologies daily, many companies are directing and adopting this architecture. Benefits of switching to Serverless Architecture consist of potential reduction in cost and server management, increased scalability and faster time to market. These benefits are significant in business but there are drawbacks such as skilled employees will be needed to carry out tasks using these new Serverless technologies. 
This project will look at both approaches identifying what technologies are needed. The traditional approach will be carried out first. When this process has been created it will then be containerized. A transformation will then take place adopting the serverless approach. This process has been identified as many companies moving from traditional to serverless adopt this process.
The database will include information on autonomous vehicles. The autonomous vehicle data will include details of owner, manufacturer, specification, tax, history and type.  
Tests will be carried out comparing both technologies, allowing and assisting users to gain an insight into the technology they would prefer to use in practise. 



[bookmark: _Toc31114101]Aims & Objectives

The aim of this project will be to design and build a database using serverless and non-serverless technologies to significantly identify which path is more efficient for the DVLA in applying autonomous vehicle data to their system. 
An evaluation, comparison and analysation will take place giving a clearer understanding what advantages there are in using AWS serverless methods over traditional methods.
The following objectives need to be achieved in order to obtain a comparison:
1. Build a non-serverless application attaining autonomous vehicle data from a PostgreSQL database.
2. Update the web application to serverless with use of AWS.
3. Make a comparison of both applications

The expected outcomes of this project will be to identify if there are major differences in technologies being used. A system will be created to collect autonomous vehicles details that can be accessed and edited by the user. Performance tests will be carried out on both technologies used to get a true comparison reflection.


[bookmark: _Toc31114102]Research & review of literature

[bookmark: _Toc10224001][bookmark: _Toc31114103]Serverless Technologies 

Serverless technology has been established with the use of virtual servers since the early 2000s. AWS EC2 was started in 2006, this would form the beginning of cloud computing  [1]. At this time, this service offered very little to companies. Present day, serverless platforms are increasing with the main contenders leading the market as Amazon Web Services, Microsoft Azure and Google Cloud. Amazon Elastic Compute Cloud (EC2) is a product that is part of the Amazon service that provides secure, resizable compute capacity in the cloud [2]. Using EC2 helps the user to obtain and configure capacity with minimal effort. This allows scalability both up and down as the user’s requirements alter. This service allows the user to only pay for capacity that is consumed. 
Serverless applications are implemented using serverless services. These platforms offer services that come at a cost which vary depending on usage. Chaplin and Roberts suggest that adopting a Serverless approach using Serverless services will exhibit five common qualities [3]. These will be:
1. Requires no management of Server hosts or Server processes
2. Self auto - scales and auto-provisions, based on load
3. Offers cost based on precise usage 
4. Has performance capabilities defined in terms other than host size and count
5. Has implicit high availability

[bookmark: _Toc31114220]

Figure 1 Serverless Architecture [4]
[image: ]A server-side software solution can be built but there is no need to take into account the servers as they are being abstracted. When using Serverless there is no concern with virtual or physical server machines. AWS provides products that contribute to this. Auth0 is a Management tool that hides any implementation behind their API. There is no visible connection to any network file servers when storing objects on buckets with use of AWS S3.
Serverless removes the theory of a server component that is aware and listening to requests. Serverless Computing is divided up into two types, backend services (BaaS) and function as a service (FaaS). Capacity is configured using backend as a service and event driven functions is defined as functions as a service. Applications that use databases and authentication that rely on cloud are backend services. Typical BaaS are applications that use cloud hosted services that are from a third-party source to manage server-side logic and state [5]. Function as a service is an event-based architecture, a function that can be triggered by an event. This allows the developer to write a function without worrying about the server resources, deployment or scalability. The developer need not worry as FaaS is auto scalable.  The product that AWS provides for FaaS deployment is AWS Lambda.
Serverless uses self-auto provisions. Serverless will calculate how much and what type of resource is required and automatically provide them for our needs, so there is no need to plan, allocate or provision server instances. When an AWS Lambda function is created the code will be tied to an event with some logical configuration added. A container will automatically instantiate when a trigger has occurred executing the code within. The developer will have no part during this process as the Lambda function will allocate and provide a host so the container can be run. Serverless is self-auto scaling. Serverless services can handle the load at any given time increasing units. While using an AWS Lambda function another source event occurs while simultaneously processing the original event, a second instance of the code will be created by Lambda that will be managed. This will keep scaling up handling the load and when the load decreases it will scale back down. Databases are also auto scaled with use of Serverless. Serverless enables us to save time and reduce costs using self-auto scaling and self-auto provisioning.  
Serverless offers cost on precise usage. AWS carries this out by charging Lambda per 100 milliseconds where the function is handling an event. The advantages of this is that if the Lambda container is only active minutes in an hour, the user will only pay for the actual minutes used in that hour. AWS DynamoDB is charged by reads and writes per second, while AWS S3 charges per GB stored. These charges will scale down as well as up. If the Lambda function isn’t used, then there will not be a charge for this service. A company using Serverless can increase usage or decrease usage dependent on needs, this will therefore benefit costs.
Serverless services offer ways to configure performance needs. These can be controlled with AWS Lambda with the use of RAM. Specification can be calculated at time of writing the amount of RAM needed. With Lambda an increase to the functions CPU and networking resource will become available. Performance configurations are different amongst backend as a service products. Specification of throughput is allowed using DynamoDB and Shards can be configured using Kinesis. AWS EC2 offers variability with CPU capacity, RAM, disk space and IO performance.
When one instance of a component fails and the system continues to operate, this is regarded as high availability. AWS and other Serverless platforms offer multiple, isolated regions. This will lessen the impact if the S3 within a region encounters failure. 
AWS, Amazon Web Services will be used to represent the serverless system. AWS provides as many virtual servers as is required. Data is safe as all services are highly secured with multiple operational and physical layers [6]. The technologies used with AWS are Amazon S3 which helps data to be stored and retrieved in the cloud, Amazon Elastic Cloud Computing (EC2) enhances web scaling, Lambda’s allows the developer to run their code and the database AWS uses is DynamoDB. DynamoDB is a document database that delivers high performance at any scale. It has built in security; it can back up and restore plus it has in memory caching. 
[bookmark: _Toc31114104]Containers
Serverless platforms offer infrastructure for running containers such as Docker. Containers allow the developer to package code, configurations and dependencies as one object. Containers can run in numerous environments and because each container runs as an individual process sharing the underlying operating system, this allows containers to be more efficient starting and stopping. Containerization isolates an application in its own environment. Using containers is a lightweight alternative approach to virtualization. Containers need to be deployed to a server, either cloud or onsite. Container platforms offer self-scaling container clusters. Kubernetes which is a platform for managing containerized workloads uses horizontal pod autoscaling. Containers can be broken apart and run as separate components called microservices. These microservices can be deployed independently and can be written in different languages. Microservices are connected and communicate via API’s.  


[bookmark: _Toc31114221]Figure 2 AWS API Gateway [7]
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At the heart of the API management system is the API gateway. This acts as a single entry point gaining access to a system. The API gateway allows multiple API’s or microservices to gain entry. An API gateway will need updating each time a new microservice is added or deleted. A lightweight process approach must be taken into account when updating occurs. An applications internal structure can be encapsulated many ways using API gateways. Each client gets provided a client specific API; this process increases efficiency. Other than routing requests; authentication, input validation and response code mapping are performed by API gateways. Without an API gateway being deployed requests will need to be sent to front end services directly from the client. This could be problematic with coupling. Decoupling clients from services is achieved through the gateway.
Stigler writes in her book “Beginning Serverless Computing” “that large businesses struggle with about serverless architecture is giving cloud providers complete control over the platform of your service” [8]. The benefits would be, Stigler suggests 
· Rapid development and deployment.
· Ease of use.
· Lower cost.
· Enhanced scalability.
· No maintenance of infrastructure.
Sabo covers in her blog that there are five AWS limitations that a CEO should be made aware of
1. AWS service limits – default limits are set based on the needs of an average user, if the limits get increased so will the cost.
2. Technology limitations – becoming aware what can be achievable using AWS.
3. Lack of relevant knowledge by your team – your team will need investing in re-educating.
4. Technical support fee – additional costs may be added with additional support services.
5. General cloud computing issues – downtime, security, limited control and backup protection can become a concern when deciding to change to cloud [9].  
Traditional applications can be converted to Serverless gradually. This however can take time and a good test plan is needed [4]. Producing a test prototype would be best practice to initiate this.
 
[bookmark: _Toc10224002][bookmark: _Toc31114105]Traditional Technologies

[bookmark: _Toc29120238][bookmark: _Toc29120579][bookmark: _Toc29151655][bookmark: _Toc29814655][bookmark: _Toc29814725][bookmark: _Toc30665292][bookmark: _Toc31028225][bookmark: _Toc31028284][bookmark: _Toc31113944][bookmark: _Toc31114106]Traditional technologies are technologies that are not focused on serverless. The traditional approach houses all technology capabilities on site. Hardware and software are purchased by the company to cater for the company’s specific needs. An outside company may be hired to manage the dealings with updates and changes to the system. The hired staff or the company’s IT team will have full access to the physical server twenty-four hours a day, seven days per week. This gives greater control. Compared to cloud computing, deploying a new service adopting the traditional approach requires the company to purchase the new program outright resulting in the company owning the product. This product will then be loaded onto the system by hired personnel or the company’s IT team. Cloud looks after deployment of new services off site with less effect on the staff and daily business on goings. Traditional IT services are purchased at one instance. Services to be purchased will be needed to be researched thoroughly as making additions in the future could become costly and difficult. The traditional approach involves a data storage system that is kept in house. This can be viewed giving the perception that data is getting stored in a safer way. Companies store data at different locations in-house in case one storage system gets destroyed. This could occur from fire or any natural disaster [10].
[bookmark: _Toc29120239][bookmark: _Toc29120580][bookmark: _Toc29151656][bookmark: _Toc29814656][bookmark: _Toc29814726][bookmark: _Toc30665293][bookmark: _Toc31028226][bookmark: _Toc31028285][bookmark: _Toc31113945][bookmark: _Toc31114107]An organisation may insist on sticking with old technologies that are familiar and suitable for the company. The term used for these types of technologies is legacy system. An organisation persists with a legacy system that could be the programming language, software application or any other outdated technology that they use as they may feel the need to replace or update could become costly or support and maintenance has deteriorated resulting in updating becoming difficult. Other reasons, organisations or companies remain using these technologies are many technologies have been tailor made for the company involved, risks of losing or corrupting data may be too high and companies would rather not transform if their system is working well at present. Hospitals, Banks and Insurance companies use legacy technology systems.  

[bookmark: _Toc31114222]

Figure 3 Traditional Architecture [4]
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Non-Serverless technologies that will be used with the web service will be Nodejs with Express. REST for the back end and React, CSS and JavaScript for the front end. Nodejs and Express framework will be adopted to work with the JavaScript language to build the server-side application. 
[bookmark: _Toc31114108]Node.js

Node.js was created by Ryan Dahl in 2009 [11]. Node.js is a framework that is used to create scalable servers for web applications. It is growing, becoming popular and more powerful being used to create JavaScript applications. Google’s V8 JavaScript engine would be used to drive node. This will allow developers to write applications in JavaScript when using V8. The developer would only use V8 previously with languages such as C and Java.
Node provides flexibility as a server with use of their execution model. Node’s execution model combines server and application logic in one place, this removes a layer of complexity where Apache in Linux leaves the application logic to be implemented by languages such as Java and C, concentrating solely on HTTP requests. Another difference in using Node is its concurrency [11]. Node executes within a single thread, while Apache handles client connections with a pool of threads.  Using Apache, threads may increase if all available threads have been consumed, resulting in more expense due to creation and tearing down of the newly spawned threads. Node uses nonblocking I/O. It is accepted that a thread will be static while blocking an I\O operation processing with traditional servers. Node however uses nonblocking as blocking nodes singular thread will result in the server to hang. This allows Node to carry out other processes instead of waiting for a blocked thread. 
Node becomes highly scalable using Node’s nonblocking asynchronous execution model which is adopted with little overhead.
An interactive shell is provided by Node. This is called the Read-Eval-Print-Loop or REPL. This interactive shell carries out the reading of an input from the user, assesses the input as JavaScript code, the results get printed then waits for another input. REPL is advantageous when small sections of JavaScript code can be used for experimenting or debugging on. 
There are many REPL features that enhances usability. The ability to observe previous commands with the use of the arrow keys, up and down are very useful. Termination of any command and return to a new blank prompt is actioned by pressing control and C. The REPL will terminate if control and C are pressed twice. To quit the REPL at any time, control and D will need pressing. The tab key can be used to list current command of possible completions. Node will insert automatically if there is only one possible option. Variables, keywords and functions will be included in the list.
Node’s major asset is its developer community and its third-party modules. To look after these modules Node uses its package manager, npm. Node environments has npm bundled in as a command tool since version 0.6.3. Node modules and their dependencies are managed by npm. There are thousands of packages with some more popular being used more regularly than others.  Installation of packages can be done by the command line using npm install package name or directly from git URLs. Packages when installed are saved on the local machine. This would normally be a subdirectory named node modules within the current directory. Local packages need to be installed in every project using them. A package that only needs to be installed in one location is called a global package. Command line tools are usually contained in global packages. The path environment variable would include these. Links can be created to local packages using npm. When a package is linked, global package can be used to reference the package. If a module is being developed and you want your local copy to be referenced by another project, this is ideal. Linking is also advantageous when module deployment is executed without having to publish it to the public npm registry. Modules can be imported into programs with use of the function require. A single argument is accepted by the require function which is a string that specifies the module to execute. The require function will return an object that can be used to border with the module if the path exists that was specified. An exception is thrown if the module cannot be located. Compiled into the Node binary are core modules. The require function will give core modules the highest precedence. The core module will be loaded if there is a module naming conflict. Non-core modules loaded from the system are called file modules. These can be identified with the use of absolute paths, relative paths and from the node modules directory.  Module paths that start with one or two dots will be interpreted as relative paths. They will be considered to the file that called relative. Node will search in node modules folders if a module path doesn’t relate with a core module, absolute or relative path. Node carries out its search by calling the scripts parent directory and appends the node modules. After this process is carried out and the module is not found Node will move up one layer to the directory tree to start the search again carrying out the same process. This process will be repeated until the module is found or the root of the directory has been reached. The require function will attempt to add .json and .node file extensions if an identical match is not found. An error will be executed if Node could not find a match. A successful loaded file module will be cached in require.cache.object.
Npm has a configuration file named package.json. This file stores all information for npm to understand module dependencies. This is located at the projects root directory. Valid JSON data must be contained in the package.json file. A certain type of schema is expected to be adhered to by the JSON data in the package.json file. A name and version are required for the package. Names inputted must be aligned with URL-safe characters. Spaces and names beginning with a dot is not permitted as the name becomes part of the URL when using npm. Names are recommended to be short and descriptive not containing “js” or “node”. 
This application will use HTTP requests to GET, POST, PUT and DELETE data. The language of the internet can be thought of by REST used by browsers. HTTP methodologies are taken advantage of by RESTful API’s. GET is used to retrieve a source; POST to create that resource; PUT to alter or update a resource and DELETE to terminate a resource. REST uses a stateless protocol and standard operations. By implementing these, RESTful systems will try to achieve quick performance, be more reliable and by reusing components have the ability to grow with the system being unaffected. Every instance a new HTTP request is established, an optional request event handler is raised. Two arguments are taken by the event handler which are request and response. Information regarding the clients request is contained in the request argument which is an instance of http.IncomingMessage. Responding to the client is achieved by the response argument, the response argument in an instance of http.ServerResponse. A HTTP request can have request headers and a request body. The request headers are used to parameterize the request. The request body is used to provide extra information to the server. Response codes and response headers are used to read data that has been sent back from the server. The response code will include a numeric status code and reason phrase. The response code aligned with the response headers is used by the client to influence the way the response will be handled.  
[bookmark: _Toc31114109]

Express

Express is a node.js application framework. It is open source, flexible and can build single, multi-page and hybrid web applications. A web application can be structured using Express to manage numerous different http requests from a specific URL. TJ Holowaychuk created Express and describes it as a framework built similar to Ruby [10]. Express is also linked with a plugin from Node’s library, namely Connect. The term middleware was created by Connect for describing pluggable node modules that can cope with web requests to a certain degree. Express provides a minimal layer that can make the development of websites, apps and API’s easier [10]. It provides features but with less interference. Express becomes flexible where you can add functionality to different parts where needed replacing surplus functionality. Express allows you to add functionality when you require to. Express works with frameworks such as Angular and Ember to provide single page application development. This is where the application downloads an entire site to the client’s browser. Communication with the server becomes less so navigation becomes quicker. Alternative to this is where a website requires a network request every time a new page is navigated to. Brown states “single page web applications are a relatively new idea” [10]. A more traditional approach for websites is to apply multipage web applications [10]. A separate request to the server is needed when navigating each page on a website. 
[bookmark: _Toc31114110]JavaScript
JavaScript is a programming language that is lightweight and has object-oriented capabilities. JavaScript’s client-side version allows web pages to use executable content. A web page does not need to be static HTML programs interacting with the user, controlling the browser and creating HTML content [12]. The JavaScript language is similar to C and java adopting if statements, while loops and && operators but the similarity ends there. JavaScript is the language at this moment being adopted to do all the clever things with pages on the world wide web as well as writing fast server-side programs using node.js [13]. JavaScript is used to manipulate the web page Document Object Model (DOM) [14]. JavaScript’s execution is dependent on how the script is handled by the browser. The script is read by the web browser which does all the work and JavaScript manipulates the web browser by giving it instructions on what to do [15]. Client-side JavaScript supports objects that makes it effective and efficient. Document appearance and content can be controlled by JavaScript [12]. Applying the write() method with the JavaScript document object will allow the user to write arbitrary HTML to the document as it is being broken down by the browser. The browsers behaviour can be controlled by JavaScript objects. Methods supported by the window object helps to display messages in a pop-up dialog box. The window object methods can display messages to the user and retrieve simple input from the user. The window object can open, close and create new browser windows that can be any size combined with user controls. The location object allows contents of a URL to be downloaded and displayed in the browsers window or frame. This allows control over what web pages the browser displays. Client-side JavaScript has interaction with HTML forms. This is achieved through the use of the form object and the element objects within it. Element objects that are contained within the form object are buttons, checkboxes, submit and many more. The element objects are important as they allow the user to read and write input element values in a form. Form data can be validated before it is submitted with the use of JavaScript forms. The user’s input can be checked for errors without going back to the server. Any little inputted error will be picked up and the user will be informed. Interaction with the user is an important feature. JavaScript defines event handlers when an event occurs. Events are normally initiated by the user with movement of the mouse over links or entering values inside a form. Different actions can be triggered responding to user events. Cookie values can be read and written by JavaScript programs and content can be generated from the significance of the cookie. 
[bookmark: _Toc31114111]Angular
The frontend or client side can be created applying the Angular web development platform. Angular was initially created to build single page applications as a JavaScript framework [16]. With competing tools like React and Vue offering more functionality, Angular had to improve. Google presented new tools to Angular in 2016. These features included semantic versioning, component-based architecture and a command line interface. Angular is continually improving introducing new versions on an annual timescale [17]. The latest versions include bug fix alerts, increasing speed compilation, reduction in code and new cli commands. Angular is supported by Google and helps developers by offering detailed documentation to resolve technical difficulties [16]. Angular will divide an application into logical and functional components. This method allows components to be reused, replaced and decoupled in other sections of the application. Rendering is speeded up using Angular as an ahead of time compiler is introduced. This compiler executers a Typescript and HTML conversation to JavaScript at build process time. This allows increased speed as the code is compiled prior to the browser loading the application. Angular allows app configuration, initialization and development become easier for the developer by providing a cli. The cli can carry out tasks such as new project creation, feature adding and testing with straightforward commands.  

[bookmark: _Toc31114112]ReactJS

ReactJS can also be used to create the frontend side or client side of the application. ReactJS is open source and inherits the JavaScript language. It is a JavaScript library that uses JavaScript’s speed to render webpages, allowing them to become dynamically and responsive to user input. ReactJS saves development time as it uses reusable code from the library, this also reduces errors in code  [18]. ReactJS provides help to developers creating user interfaces. This can also include user interactions with buttons, search bars and on-screen menus. ReactJS has two desirable features that are Virtual Dom and JSX [18].
JSX is a React extension that allows the DOM to be easily modified by adopting HTML style code [19]. All modern browser platforms can work alongside JSX as ReactJS browser support reaches out to present browsers. The DOM Document Object Model is a representational tree of how a web page may be arranged. This process is carried out when web browsers read website HTML documents and then displays this on screen as a web page. The DOM can then be modified using languages such as JavaScript to add dynamic content. 
Virtual DOM created by ReactJS speeds up loading time and reduces less computing power when updating. This is achieved by the DOM being copied resulting in the virtual DOM. Where the whole DOM will need to reload each time, features are triggered by the user to refresh a page, the Virtual DOM will be scanned by ReactJS to see what had altered. Any alterations will be compared to the original DOM resulting in only selected part of the DOM being updated. 


[bookmark: _Toc31114113]Distributed Database

Distributed databases allow a database to be located in different sites. These databases can be on the same network or separate networks. Unlike a centralized database where the database consists of a singular central file, distributed databases consists of numerous files being located at different sites [20]. Data can be managed as if it was stored at one location. This is carried out as a centralized distributed management system (DDBMS) incorporates data logically. All the data will be coordinated by the DDBMS frequently with any instances of deletion or updating at one location reflects throughout automatically. Amazon provides a service to offer this called Amazon SimpleDB. [21] Amazon SimpleDB is a NoSQL data store that allows users to call and store data with little administrative responsibilities. SimpleDB provides high availability and a flexible service. This is achieved by creating numerous geographically distributed copies of each item of data that is stored. Charging occurs only for the resources that have been consumed to store the data.
[bookmark: _Toc31114114]DynamoDB

Amazon web services offer numerous databases to undertake when carrying out projects with AWS. One particular database service that is offered is called DynamoDB. This database is a NoSQL database service. Amazon DynamoDB delivers fast performance at any scale [22]. Amazon DynamoDB key aspects are it is fully managed, has numerous regions to choose from, durable that has built in security, can be backed up and restored with in-memory caching. DynamoDB maintains performance by automatically scaling up or down depending on the required needs. DynamoDB has no servers to provision as it is serverless and it requires no software to install or be managed. ACID transactions are supported by DynamoDB and capacity modes are provided allowing the user to specify capacity, allowing managing of payment only for resources consumed.
[bookmark: _Toc31114115]PostgreSQL

The database that will be implemented will be PostgreSQL. This is an open source relational database system. The features PostgreSQL offer are:
· Types that are user defined
· Inheritance
· Locking mechanism
· Referential integrity for foreign keys [23].
PostgreSQL is highly scalable in regarding the management of data quantity and the accommodation of simultaneous users. PostgreSQL offers a community of support with any issues that may arise where some help is needed. Many languages are compatible with PostgreSQL making it very appealing [24]. 

[bookmark: _Toc31114116]Performance Tuning for database comparison

A database administrator will optimize database performance. This is known as performance tuning. The aim is to avoid performance bottlenecks that will include queries [25]. A user will be unsatisfied if the database response time was slow responding to queries. The database management system stores and retrieves data based on commands from the user. The database management systems query optimizer will handle data manipulation requests. This will determine the most efficient way to perform a query. The majority of the query optimizers choices cannot be influenced by a developer, but the developer can have influence over the way the query optimizer behaves.
Joins can have an influence over query performance [25]. The resulting impact will be dependent on the database management system and how it implements a join. Operations can be implemented such as restrict and product. The restrict operation collects rows from a table. This is accomplished by matching each row against valid conditions. When the conditions are met by the row, these are placed in the result table. If the conditions are not met by the row, these will be omitted. The product operation compares two source tables and prints every possible pairing.
A quick way to access values of a column is to use indexing. When new rows are added to a table, these normally get added to the bottom of the table. In order for searching to be processed by the database management system, scanning is triggered from top to bottom [25]. Searching becomes slower with the increasing volume in the table. Sorting is an alternative to indexing. The sort operation will alter the positioning of rows in a table. Ordering the rows by the first row in the table. Sorting will take a long time if the table enlarges resulting in many rows needing sorting. Searching an index takes less time as less disk access is required. An index is in alphabetical order allowing it to be searched quickly. The database management system uses this information to go directly to the item table rows required. The database management systems query optimizer will identify when to use the index operation to speed up data retrieval [25].
Clustering is where data that is regularly accessed is stored together on the same disk page to speed up data access. Clustering can speed up join performance by grouping together rows that are related by matching primary and foreign keys [25]. Clustering however can slow down insertion of data, modifications to data from columns where clustering is based and performance of operations can be reduced where a scan of the entire table is required [25].
Opposite to clustering, there is partitioning. Partitioning splits large tables into smaller tables so the database management system needn’t retrieve vast data at one given time. Partitioning can be undertaken horizontally and vertically. Horizontally partitioning splits the rows of a table that have identical structures for two or greater tables. Vertical partitioning splits the columns of a table and moves them in two or greater tables connected by the original primary key. 
 


[bookmark: _Toc31114117]Retrieving Performance Data 

Pgbench is used to run benchmark tests. Benchmark tests are tests that acquire a product or service to reach a certain point or metric in order to create a comparison against. Pgbench is PostgreSQL own program tool. Pgbench will calculate the average transaction rate after running the same sequence of sql commands repeatedly [26]. Pgbench allows the user to gain enough load to establish a test within the database. This is carried out by adjusting the scaling option to the specific need. The scaling option will multiply the number of rows in the database by the scaling option value, creating significantly increase in records. 
HammerDB is another tool that can be used for database load testing and benchmarking. It is a downloadable open source application. HammerDB is used to create a test schema that can be filled with data. This data can then be tested by transactional and analytic scenarios by simulating the load of numerous virtual users against the database [27]. HammerDB does support cloud analytic testing. 
JMeter can be used to test performance on static and dynamic resources. These resources can be static files, Java Servlets, GCI scripts, Java objects, database and FTP servers [28]. JMeter can test the strength or to help analyse performance under heavy loads by stimulating a heavy load on a server. JMeters can also guide with regression tests for applications by creating text scripts with additions in order to validate that the application is returning the correct output. JMeter aims are to load/stress test web services and databases. JMeter provides an in-depth view by monitoring its application, database and operating system allowing integration with other tools and plugins.
Artillery.io allows us to load test the databases created. Artillery.io can test performance under high load. Node.js is required to execute artillery.io tests. A test script will have to be written. This test script will be written to a config file. The test will provide scenarios launched, scenarios completed, requests completed, RPS sent, Latency and codes. Artillery.io is powerful and easy to use to get a lot of desirable information  [29]. 


[bookmark: _Toc31114118]Conclusion

Numerous technologies have been researched and assessed to find out what is best for this project. This project will be creating a database, backend and frontend for serverless and the traditional approach. The serverless approach will use the serverless platform AWS. The AWS platform suited the projects needs as after research had taken place, all available products AWS offered became significant and highly appealing. AWS has many products that this project will take advantage of. The database will use RDS which is an AWS product. RDS will make it easier for this project to adopt the PostgreSQL database within the cloud. This approach was needed as it was decided that PostgreSQL database was going to be created for the traditional method. PostgreSQL was chosen because of familiarity, popularity and services provided suited the project’s needs. By adopting PostgreSQL for both serverless and traditional platforms will benefit the project as the comparison between the two platforms using this service will be fair.
Node.JS with Express will be used to build the backend. This was chosen for this project as it will be a good knowledge gain and aspects of Node.js and Express are suitable for this project. The serverless platform will use a lambda to invoke the Node.js code and trigger it with use of an API Gateway. 
React will be adopted to satisfy the frontend needs. This was chosen, as again to gain knowledge in the subject as many companies today are building their applications with ReactJS. This was also chosen as using components with ReactJS was appealing to this project. This project has aligned with how a company/business will approach the transition from traditional to serverless. This aspect will be taken into account when applying containerisation with Docker. The process will be to create a legacy platform, containerise this platform then transform the platform to serverless.
To carry out performance testing, Artillery.io will be adopted. There were good alternative choices to choose from but Artillery.io offered the most efficient way to produce a clear and understandable test between both databases.

[bookmark: _Toc10224009][bookmark: _Toc31114119]Methodologies

[bookmark: _Toc10224010][bookmark: _Toc31114120]Development Methodologies
 
The aim of this project will be to design and build a database using serverless and non-serverless technologies to significantly identify which path is more efficient for the DVLA in applying autonomous vehicle data to their system. 
The development methodologies being used will be Dynamic Systems Development Method (DSDM) and Feature Driven Development (FDD). This project adopted DSDM over waterfall and other similar agile methodologies as it is built on planning, managing, executing and scaling agile processes. DSDM has eight principles that give direction and delivery on time. These principles are focus on needs, deliver on time, communicate continuously and clearly, collaborate, never compromise quality, build incrementally from firm foundations, develop iteratively and demonstrate control [30]. These principles are key aspects in my choosing for the project. The requirements are set early on with this method. Any rework is built in the process and all development changes must be reversable. All requirements are planned which are delivered in short sprints or iterations. Feature Driven Development has also been chosen. This is an agile framework that organises software development by making progressions on features [31]. Feature Driven Development implements functionality in small iterations. Feature Driven Development’s main focus is on the design and build phase of the software development. The five main sub processes are 
· Develop an overall model
· Build a feature list
· Plan by feature
· Design by feature
· Build by feature
Feature Driven Development promotes developing by feature, individual class ownership, inspections and regular building. 
These methodologies fit in ideal with the way the project will be designed and built by using small build iterations and constant reviewing. 
The traditional method will be built first alongside the database. This will be tied together by a back end and front-end process using technologies such as Node.js and Express. These technologies were chosen as they are becoming popular in the modern-day working environment. When this process is to a suitable standard an uplift of the application will be carried out. This will be processing the application to become serverless using AWS. The database, back end and front end will all be used as serverless. The transformation from traditional to serverless was chosen as many companies are looking to evolve and this project wanted to identify the differences and risks involved.




[bookmark: _Toc31114121]Philosophy

A positivist approach will be taken for this project. This will be suited best as the view of the positivist approach is based on factual knowledge gained through observation and data gathered. The data gathered will be in an objective way. The data gathered will be to compare the functionality of the two technologies used while undertaking the autonomous database. Alongside the positivist philosophy a deductive approach will be adopted to find if using serverless technologies is the more efficient way moving forward. The principles of positivism research philosophy are: 
· The research should focus on explaining and predicting.
· Common sense should not bias any research outcomes.
· Science should be judged only by logic and be value-free.
 Alternative to this approach, carrying out an inductive research approach with a phenomenology philosophy. This approach is not needed as it is based on a person’s perception rather than facts.

[bookmark: _Toc31114122]Strategy
The research strategy will consist of a questionnaire. This questionnaire will be made up of a quantitative method to identify if the participant would prefer using serverless technologies or traditional technologies. The research undertaken will be of an explanatory study.  This was chosen as this project will want to know why, if at all serverless technologies are more efficient than traditional technologies. The data gathered from the questionnaire will give a view from the user in what technologies they prefer. The questionnaire will be aimed at persons directly in the computing field with an unbiased nature. The questionnaire will mainly have questions about the participants opinion on using both technologies without having to use the developments being created. There will however be possibly a question on the usage of both developments created in this project to identify which is more efficient. The questionnaire form will be added to a button for the user to gain access. Both applications, serverless and traditional will have an identifiable button.
Experimental analysis will also be undertaking, as performance tests will be carried out on both technologies. These tests will conclude if the hypothesise of using AWS to carry out the autonomous vehicle is the more efficient than traditional technologies.





[bookmark: _Toc31114123]Design 
[bookmark: _Toc31114124]Requirements
· User must be able to connect to the database for both platforms.
· User must be able to add new data to the database from the application.
· User must be able to edit previous data form the front-end application.
· User must be able to delete data from the front-end application.
· All alterations made from the front-end application must have an instant effect on the database.

Traditional
A PostgreSQL database will be used to hold this projects data. Figure 4 shows the tables that will be created. Data can be retrieved through a backend service. The backend service of choice will be Node.js with express. This will be run on localhost 3000. With the use of postman, data will be retrievable using an endpoint at localhost 3000. A frontend will be configured using ReactJS. This will be viewed, at localhost 3001 with the correct endpoint.  

Serverless
The serverless approach will use an identical PostgreSQL database. With use of Amazon RDS this project can acquire the PostgreSQL database. A Lambda will be set up and configured to connect to the database. The configuration process will involve VPC endpoints. This is a private connection for security purposes connecting the Lambda to the RDS database. An Amazon S3 bucket will be invoked from the lambda giving a URL for a client to view the page. 

The design of the application is created for ease of use by the user (refer to figure 5&6). A navigational bar will be created at the top of the page with clear white wording on top of a darker colour. When a title gets chosen the title will become yellow. This format allows the user to clearly identify what page they are visiting at that specific time. Each button on every page is square shaped with significant colouring, again for the user’s ease. The data that can be viewed is of suitable visual format, size and colour to the needs of the user. Identification of each button will be clearly named as well as headings and titles.
[bookmark: _Toc31114125]ER Diagram

An ER Diagram was created to establish relationships between each table (figure 4). [32]An ER Diagram will help visualise the Entity Relationship Modelling approach. Figure 4 comprises of three concepts: Entities, attributes and relationships. 
[bookmark: _Toc31114223]Figure 4 ER Diagram
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Viewing the ER Diagram (figure 4) the entities are highlighted in grey, the attributes beneath them in white and the relationships between each entity conveyed with a relationship line. Each entity has an individual primary key which in this projects case is predominately the entities identification(id). The vehicle entity has five foreign keys contributing to it. These are rental_id, branch_id, keeper_id, manufacturer_id and history_id. These foreign keys will provide a link between the entities. The owner-history table has two foreign keys contributing to it. The owner-history entity is used as a join table. This is to avoid a many to many relationships between the history and keeper entities. 
The relationship between each entity are:
Tax office can have many vehicles where a vehicle can only be taxed once.
A rental company can operate many vehicles, but a vehicle can only be owned by one rental company.
An owner can purchase many vehicles, but a vehicle must only have one owner.
History can be associated with many vehicles, but a vehicle will only have one history. 
A manufacturer company can sell many vehicles but only one vehicle can be sold by a company. 
Each attribute has a type associated with it. These are listed to the right of the attribute in figure 4. The varchar limit has been selected to save memory and search time. Anything greater than what is needed will become a waste [32]. An integer type was implemented with car year rather than date type, as the conversion to JavaScript was introduced using Node.js created a time unit alongside the day, month and year. The time was not needed for this project therefore an integer type created was ideal to allow the year needed to be written. 

[bookmark: _Toc31114126]Implementation

[bookmark: _Toc31114127]Database
A database was created using third normal form. The database was formed using PostgreSQL. This was chosen as it is open source, familiar, widely used by companies and provides good efficient support [23]. PostgreSQL is a relational database management system. The three major stages involving database design are
1. Requirements analysis – initial plan what the database is needed for.
2. Conceptual design – formal description.
3. Logical design – database design [32].

Tables were created with fields associated with an autonomous vehicle system. An investigation was undertaken into what data will be needed which is the requirements analysis stage. Appendix A relates to this investigation peering into what details are needed for an autonomous vehicle. Tables were created made up of:
· Vehicle (vehicle_id, make, model, fuel_type, rental_id, branch_id, keeper_id, manufacturer_id, history_id);
· Tax (branch_id, taxcode);
· Rental (rental_id, company_name, company_address, telephone);
· Manufacturer (manufacturer_id, manufacturer_name, address, car_price, car_year, telephone);
· Keeper (keeper_id, first_name, surname, address, driving_licence, telephone, postcode);
· History (history_id, mileage, previous owners);
· Owner_History (own_his_id, historyid, keeperid).
The autonomous system will allow the user to obtain vehicle details such as the make, model and fuel type. The tax code the vehicle is attached to and if the vehicle is a rental or owned. Information is also provided on what manufacturer sold the vehicle, the vehicle price, year and the vehicles history. Details of the vehicle owners are also included with their driving licence, name and address.   
[bookmark: _Toc31114128]Node.JS Backend
Node.js with express was chosen for this project as many companies such as Netflix have adopted this approach [33]. Another reason this project used node.js with express were the packages that get provided. These packages can easily be accessed to carry out different duties. A personal knowledge gain was another advantageous point. 
A backend folder was created to separate and identify the backend code from the frontend code. Folders were created to link to the existing PostgreSQL database. A database connection and individual endpoints had to be set up.  Figure 2 gives us an outlay of the folders and files used in creating the project. The routes folder has individual .js files for each endpoint. Each route file is using CRUD. Using express functions in each route .js file such as get, post, put and delete manipulates the HTTP method call [33].

· Get will search and retrieve some data from resource.
· Post sends and persists new data into a resource.
· Put updates data of a resource.
· Delete erases data from a resource. 

This project uses a secrets folder in the backend (appendix C). This folder is created to keep important information separate. This project has the database configurations stored in the secrets folder. The database configurations consist of the database name, user, host, password and port. These credentials must be identical to the PostgreSQL credentials in order to get a link. There has been a bin folder written with a file that points to the outgoing port, in this projects case it is port 3000.
With the use of Postman, appendix D & E tells us that the data has been passed correctly. Using Postman, we can get, post, put and delete data from the specific endpoint and this will coincide with the PostgreSQL database. Any alterations made at Postman will have an instant impact in the PostgreSQL database. 
[bookmark: _Toc31114129]Dockerfile
This project has been containerised. This has been achieved through the use of Docker. The main factor for this decision of containerisation was after researching into this topic. Many companies carry out this process before going serverless [34]. A company would contain their traditional technologies used first before transforming to serverless. This would allow the traditional technology to become more scalable. Three containers have been created for this project. A container for the database, backend and frontend were created. 
Appendix F shows the information needed for Docker to fulfil its task. Docker copies the image from the computer and then runs this as a container.
Appendix G displays the frontend Dockerfile. This is very similar to the backend Dockerfile Copying images from the computer and then running those images through a container.
Appendix H is the Docker-compose.yml file. This file connects all containers for them to run collectively. The ports have been altered for the database, backend and frontend. The database port moves from 5432 to 5433 with docker. The backend port copies from port 3000 to 3001 and the frontend from 3000 to 3002. The containers need to know the database password, database name, database user and port to allow the synchronisation. 

[bookmark: _Toc31114130]React Frontend
React was adopted to build the frontend application. This approach was undertaken in this project as it is becoming more popular, react links in well with the backend JavaScript language and react increases speed of updates by using virtual DOM [18]. React uses components to split up the code. Appendix I lets us view js files and css files. The css files include the styling while the js files include the methods linking to the backend. The frontend still needs to adopt CRUD methods similar to the backend if alterations using the user interface are carried out. 
Figure 5&6 below displays the application. The heading of the page is prominent for each desired page. All the endpoints requested have the same heading style with identical navigational bar alongside. The colours chosen for the navigational and heading were to allow the text to be viewed clearly. All pages are identically set out with title at the top and a button to add data beneath the title. Data will be viewed in columns under the desired headings and rows. A user can add data by inputting in the correct fields when the add button is selected. The actions column allows the user to edit the data or delete the data. A column in a row can individually be edited to update by selecting the edit button. An entire row will be deleted when the delete button is submitted.    




[bookmark: _Toc31114224]Figure 5 User Interface-Rental Company
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[bookmark: _Toc31114225]Figure 6 User Interface-manufacturer
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[bookmark: _Toc31114131]AWS Serverless

The serverless technologies predominantly being adopted in this project are Amazon RDS, Lambda, Amazon S3 and API Gateway. The RDS product will allow this project to set up a serverless database. The Database will be created in PostgreSQL identical to the traditional database. RDS will synchronise with the database in PostgreSQL (appendices J&K) allowing serverless to obtain the databases credentials. The lambda will store the code and execute when called upon (appendix L). The backend lambda will use an API Gateway to initialise an URL. The frontend will make use of an S3 bucket to link to this project’s endpoint (appendix M). The serverless approach will allow scalability if the project increases in size. Billing will occur when AWS services are called upon. 
[bookmark: _Toc31114132]Testing
The tests that will be carried out for this project will be a happy path, black box test and white box test. These three tests will be efficient enough for the needs of this project. The happy path test will follow a path from start to finish executing the expected outcome without any complications.
The black box testing will apply component testing and integration testing. The integration testing will test individual components such as this projects buttons and forms are working correctly. This test will check if the data has correctly been transferred from the database. Component testing will be used to verify the expected output is called when tested. The UI will be tested using component testing.
White box testing will test the code to see if the code is executing correctly. 
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Serverless

	Input
	Expected Output
	Actual Output
	Result

	Use Navigational to manoeuvre around
	All titles to represent their page
	Navigational titles that were triggered represented their page
	Pass

	Add Owner
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Manufacturer
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add History
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Rental company
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Tax
	All correct fields to appear with correct headings and buttons. Add data to database
	Field, headings and buttons are identified correctly. Data added.
	Pass

	Add Vehicle
	All correct fields to appear with correct headings and buttons. Add data to database
	Field, headings and buttons are identified correctly. Data not added, needs attention
	Fail

	Edit Owner
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings were identified correctly. Form Button needed altering (been resolved). Editing data amended correctly. 
	Pass

	Edit Manufacturer
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	Edit History
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	Edit Rental company
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	

Edit Tax
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field Button name incorrect, all fields identified correctly. Editing achieved, Resolved 
	Pass

	Edit Vehicle
	All correct fields to appear with correct headings and buttons. Edit data to database
	
	

	Delete Owner
	Deleted owner data from database
	Deleted owner data from database
	Pass

	Delete Manufacturer
	Deleted manufacturer data from database
	Deleted manufacturer data from database
	Pass

	Delete History
	Deleted history data from database
	Deleted history data from database
	Pass

	Delete Rental company
	Deleted rental data from database
	Deleted rental data from database
	Pass

	Delete Tax
	Deleted tax data from database
	Deleted tax data from database
	Pass

	Delete Vehicle
	
	
	

	Wrong Types in add form
	Does not add to database
	Rejected input 
	Pass



Non-Serverless

	Input
	Expected Output
	Actual Output
	Result

	Use Navigational to manoeuvre around
	All titles to represent their page
	Navigational titles that were triggered represented their page
	Pass

	Add Owner
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Manufacturer
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add History
	All correct fields to appear with correct headings and buttons. Add data to database
	Spelling mistake in title, data added correctly. All fields named correctly.
Resolved
	Pass

	Add Rental company
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Tax
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Add Vehicle
	All correct fields to appear with correct headings and buttons. Add data to database
	All fields, headings and buttons are identified correctly. Data added.
	Pass

	Edit Owner
	All correct fields to appear with correct headings and buttons. Edit data to database
	Altered form button to relevant wording. All fields were correct and data edited ideally. Resolved
	Pass

	Edit Manufacturer
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	Edit History
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	Edit Rental company
	All correct fields to appear with correct headings and buttons. Edit data to database
	Field, headings and buttons are identified correctly. Editing achieved.
	Pass

	Edit Tax
	All correct fields to appear with correct headings and buttons. Edit data to database
	Wording change on field button. All other attributes correct. Edit to form achieved. Resolved
	Pass

	Edit Vehicle
	All correct fields to appear with correct headings and buttons. Edit data to database
	Cannot Edit. Needs resolving
	Fail

	Delete Owner
	Deleted owner data from database
	Deleted owner data from database
	Pass

	Delete Manufacturer
	Deleted manufacturer data from database
	Deleted manufacturer data from database
	Pass

	Delete History
	Deleted history data from database
	Deleted history data from database
	Pass

	Delete Rental company
	Deleted rental data from database
	Deleted rental data from database
	Pass

	Delete Tax
	Deleted tax data from database
	Deleted tax data from database
	Pass

	Delete Vehicle
	Deleted vehicle data from database
	Deleted vehicle data from database
	Pass

	Wrong Types in add form
	Does not add to database
	Rejected input 
	Pass


[bookmark: _Toc31114135]White Box Testing

Testing was executed to see if the endpoint was rightly being targeted returning a 200 response. This was achieved (refer to Appendix N) using Jest with Supertest. This test was run by a command in the terminal “npm test” allowing the developer to view the results on the fly. The test can be simulated to fail or pass by altering the mock up. The advantage of this is to test both outcomes. 

[bookmark: _Toc31114136]Results

A questionnaire (refer to appendix O), was undertaken. This would be a quantitative method to identify if the participant would prefer using serverless technologies or traditional technologies. The participants that had been targeted were from computer-based backgrounds, work colleagues. For this to be a fair, three non-serverless teams and three serverless teams were asked to take part. From each team there were six participants, with the total participants resulting at thirty-six.
The first question was to identify what department the participant was from. This was to gain knowledge to see if this made a significant difference in forthcoming results.
The second and third questions of the questionnaire were identical. One was aimed at Non-Serverless and the other Serverless. Questions four and five were a user satisfactory experience, giving the participant a choice from 1-10 to choose from in a variety of topics for non-serverless and serverless technologies. The last question was giving the participant a choice on their preference between non-serverless and serverless. 



All graphs below will result in Non-Serverless             and Serverless  

How often do you use non serverless technologies?

[bookmark: _Toc31114226]Figure 7 Non-Serverless Usage


How often do you use serverless technologies?

[bookmark: _Toc31114227]Figure 8 Serverless Usage


From the above data retrieved, we can clearly see that participants who undertook the questionnaire use non-serverless technologies on a more regular basis than serverless technologies. This may be that serverless is a new technology with whom persons have less familiarity with. Additional reasoning to this could be explained by serverless users still using non-serverless technologies as well as serverless technologies whereas non-serverless users just mainly adapt the non-serverless approach dipping into, learning serverless.


Below are the results of the participants satisfactory experience comparing non-serverless to serverless platform.  



[bookmark: _Toc31114228]Figure 9 Speed Statistics				Figure 10 Speed chart
	Speed
	Non-Serverless
	Serverless

	1
	0
	0

	2
	0
	0

	3
	0
	0

	4
	0
	0

	5
	0
	0

	6
	5
	0

	7
	23
	4

	8
	8
	29

	9
	0
	3

	10
	0
	0




[bookmark: _Toc31114229]Figure 11 Speed Scatter Graph


The above scatter chart (figure 11) and bar chart (figure 10) represent the satisfaction of speed for both non-serverless and serverless platforms. The data gathered from the participants suggest that there isn’t a big enough difference between both platforms. The data does suggest that the participants edged slightly towards serverless but only marginal.

[bookmark: _Toc31114230]Figure 12 Speed t-Test Paired Two Sample for Means
	 
	Non-serverless
	Serverless

	Mean
	7.083333333
	7.972222222

	Variance
	0.364285714
	0.199206349

	Observations
	36
	36

	Pearson Correlation
	0.751271609
	

	Hypothesized Mean Difference
	0
	

	df
	35
	

	t Stat
	-13.38656042
	

	P(T<=t) one-tail
	1.24194E-15
	

	t Critical one-tail
	1.689572458
	

	P(T<=t) two-tail
	2.48388E-15
	

	t Critical two-tail
	2.030107928
	 



The mean and standard deviation were calculated from the data. From these values a t-Test was executed. The paired T test was executed, as the same participant chose his preference rating for both parties, non-serverless and serverless. From the results gained the p-value 2.483 is significantly larger than the alpha 0.05.




[bookmark: _Toc31114231]Figure 13 Scalability Statistics					Figure 14 Scalability Chart

	
Scalability
	Non-Serverless
	Serverless

	1
	0
	0

	2
	7
	0

	3
	10
	0

	4
	11
	0

	5
	8
	0

	6
	0
	0

	7
	0
	1

	8
	0
	16

	9
	0
	15

	10
	0
	4




Participants were questioned on their scalability experience with each platform. At Figure 14 there is a visualisation showing the clear difference in the participants perceptions on scalability for each platform. Non serverless is at the lower end of the scale where serverless is at the higher end of the scale.

[bookmark: _Toc31114232]Figure 15 Scalability t-Test Paired Two Sample for Means
	 
	Non-Serverless
	Serverless

	Mean
	3.555555556
	8.611111111

	Variance
	1.111111111
	0.53015873

	Observations
	36
	36

	Pearson Correlation
	0.885159461
	

	Hypothesized Mean Difference
	0
	

	df
	35
	

	t Stat
	-57.06639146
	

	P(T<=t) one-tail
	1.9706E-36
	

	t Critical one-tail
	1.689572458
	

	P(T<=t) two-tail
	3.94121E-36
	

	t Critical two-tail
	2.030107928
	 



The mean and standard deviation was calculated from the data. From these values a t-Test was executed. The paired T test was executed, as the same participant chose his preference rating for both parties, non-serverless and serverless. From the results gained the p-value 3.941 is significantly larger than the alpha 0.05
[bookmark: _Toc31114233]Figure 16 User Efficiency Statistics			Figure 17 User Efficiency Chart

	User Efficiency
	Non-Serverless
	Serverless

	1
	0
	0

	2
	0
	0

	3
	0
	0

	4
	0
	0

	5
	9
	0

	6
	7
	1

	7
	13
	10

	8
	7
	7

	9
	0
	18

	10
	0
	0




User efficiency chart (refer to figure 17) displays the user efficiency experience for each participant. This portrays a slight difference showing serverless as having a higher average in user efficiency.  

[bookmark: _Toc31114234]Figure 18 User Efficiency t-Test Paired Two Sample for Means
	
	Non-Serverless
	Serverless

	Mean
	6.5
	8.166666667

	Variance
	1.171428571
	0.885714286

	Observations
	36
	36

	Pearson Correlation
	0.897588342
	

	Hypothesized Mean Difference
	0
	

	df
	35
	

	t Stat
	-20.91650066
	

	P(T<=t) one-tail
	1.15003E-21
	

	t Critical one-tail
	1.689572458
	

	P(T<=t) two-tail
	2.30007E-21
	

	t Critical two-tail
	2.030107928
	





The mean and standard deviation was calculated from the data. From these values a t-Test was executed. The paired T test was executed, as the same participant chose his preference rating for both parties, non-serverless and serverless. From the results gained the p-value 2.300 is significantly larger than the alpha 0.05.
[bookmark: _Toc31114235]Figure 19 Additional Tools statistics			Figure 20 Additional Tools Chart

	Additional Tools
	Non-Serverless
	Serverless

	1
	0
	0

	2
	0
	0

	3
	0
	0

	4
	0
	0

	5
	0
	0

	6
	5
	0

	7
	22
	3

	8
	9
	15

	9
	0
	17

	10
	0
	1




Both platforms provide additional tools. The average for each participant satisfactory experience using additional tools for both platforms was rated a high average. Non serverless had an average of 7, while Serverless had an average of 8. Figure 20 shows fifteen and seventeen participants chose eight and nine respectfully for serverless.


[bookmark: _Toc31114236]Figure 21 Additional Tools t-Test Paired Two Sample for Means
	 
	Non-Serverless
	Serverless

	Mean
	7.111111111
	8.444444444

	Variance
	0.387301587
	0.482539683

	Observations
	36
	36

	Pearson Correlation
	0.741685288
	

	Hypothesized Mean Difference
	0
	

	df
	35
	

	t Stat
	-16.73320053
	

	P(T<=t) one-tail
	1.41466E-18
	

	t Critical one-tail
	1.689572458
	

	P(T<=t) two-tail
	2.82931E-18
	

	t Critical two-tail
	2.030107928
	 



The mean and standard deviation was calculated from the data. From these values a t-Test was executed. The paired T test was executed, as the same participant chose his preference rating for both parties, non-serverless and serverless. From the results gained the p-value 2.829 is significantly larger than the alpha 0.05.
[bookmark: _Toc31114237]Figure 22 Familiarity Statistics			Figure 23 Familiarity Chart
	Familiarity
	Non-Serverless
	Serverless

	1
	0
	0

	2
	0
	7

	3
	0
	8

	4
	0
	1

	5
	0
	2

	6
	1
	4

	7
	15
	10

	8
	15
	4

	9
	5
	0

	10
	0
	0



      
The above chart (figure 23) suggests non serverless technologies are more familiar than serverless. 
[bookmark: _Toc31114238]Figure 24 Familiarity t-Test Paired Two Sample for Means
	 
	Non-Serverless
	Serverless

	Mean
	7.666666667
	4.944444444

	Variance
	0.571428571
	5.025396825

	Observations
	36
	36

	Pearson Correlation
	0.916077358
	

	Hypothesized Mean Difference
	0
	

	df
	35
	

	t Stat
	10.34654316
	

	P(T<=t) one-tail
	1.72527E-12
	

	t Critical one-tail
	1.689572458
	

	P(T<=t) two-tail
	3.45055E-12
	

	t Critical two-tail
	2.030107928
	 




The mean and standard deviation was calculated from the data. From these values a t-Test was executed. The paired T test was executed, as the same participant chose his preference rating for both parties, non-serverless and serverless. From the results gained the p-value 3.45 is significantly larger than the alpha 0.05.
For each of the participant’s satisfactory experience for adopting non serverless and serverless technologies, all cases showed that the p-value for each was larger than the alpha 0.05.
[bookmark: _Toc31114239]Figure 25 Preference Pie Chart




The final question of the questionnaire was asked, “what platform do you prefer?”. Figure 25 shows that out of the thirty-six participants who conducted the questionnaire, twenty-three preferred serverless against thirteen preferring non serverless. There is a significant difference with percentages highlighting this with sixty four percent serverless against thirty six percent non serverless. 

Performance testing was carried out against both platforms. Testing was carried out using Artillery.io. Tests were carried out from the laptop for both platforms at first then the same test was carried in a lambda for serverless. Applying the tests in a serverless lambda will allow greater load testing without crashing.


Appendices P and Q can be viewed to see the results of tests for duration 50 with arrival rate of 30. These tests will show the latency for each report sent. The summary of each report (appendices P and Q) shows scenarios launched 1550, scenarios completed 1550, requests completed 1550, RPS sent 25.71.

Non Serverless				Serverless
Request latency				Request latency
Min: 2.8					Min:215.5
Max: 94.2					Max: 1450.9
Median:3.3					Median: 233.8
p95: 4.5					p95: 399.6
p99: 7.1					p99: 709.8	

More performance testing was executed, increasing the load for both platforms. Applying duration 50, arrival rate 30, ramping up to 100, with duration 50 and arrival rate 100. The report summary for both platform scenarios (figures 26 & 27) shows a significant rise in test load. 

Non serverless						Serverless
Scenarios launched 8349				Scenarios launched 8351
Scenarios completed 8249				Scenarios completed 8351
Requests completed 8249				Requests completed 8351



With this rise in significant load, below are values of the latency taken from figures 26&27. Testing cannot be increased any further due to test inconsistency. 
  
Non Serverless				Serverless
Request latency				Request latency
Min: 2.4					Min:191
Max: 91.2					Max: 1696.4
Median:3.4					Median: 208.1
p95: 5.3					p95: 381.6
p99: 8.2					p99: 612.9

The performance testing results which have been gathered are inconclusive to decide which platform has less latency than the other. This is due to the non-serverless platform being created at localhost. The results state that the latency for non-serverless is far lower than the latency for serverless. 	With the latency for non-serverless it is all local where measuring the latency for the serverless platform measures from local to AWS back to local. With time implications being considered performance latency testing will be repeated in the near future where the non-serverless platform will not be run off localhost.		 





 




[bookmark: _Toc31114240]Figure 26 Non Serverless Performance Testing Results
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[bookmark: _Toc31114241]Figure 27 Serverless Performance Testing Results
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[bookmark: _Toc31114137]Conclusion

This project set out to find the null hypothesis or the alternative hypothesis. The null hypothesis of this project was to identify if there is no significant difference implementing a database, back end and front end applying the traditional approach to a serverless approach. 
The alternative hypothesis was to identify if there is a significant difference implementing a database, back end and front end applying the traditional approach to a serverless approach. 
This project can state that the null hypothesis can be accepted because the p value gained from the results are larger than 0.05. This project can state there is no significant difference between both technologies. 
There was a difference in the regularity usage of both technology platforms. This could be portrayed that participants who are experiencing serverless still delve in non-serverless technologies whereas regular non-serverless participants will not indulge to heavy in serverless. Figure 8 suggests non-serverless participants may explore serverless but not on a regular basis.
Figure 25 gives the impression that participants who delved in serverless more regularly, slightly preferred serverless. With the result at figure 25, showing twenty-three opted serverless and thirteen opted non-serverless, there can be an assumption made that the eighteen serverless participants all opted for serverless with an additional five votes from non-serverless participants. 
Performance testing was executed on both platforms. This showed latency results. A latency comparison could not be made as the non-serverless platform was built on localhost resulting in recordings being considerably less. 


The aims and objectives of this project were met:
1. Build a non-serverless application attaining autonomous vehicle data from a PostgreSQL database.
2. Update the web application to serverless with use of AWS.
3. Make a comparison of both applications
This was achieved using numerous technologies for creating a database, backend and frontend for a non-serverless platform and serverless platform. 
The methodologies that were chosen for this project were adhered to. The development methodologies being used were Dynamic Systems Development Method (DSDM) and Feature Driven Development (FDD). These fitted in well with the project’s needs. A positivist approach was used, with the research strategy consisting of a quantitative questionnaire. This strategy helped the project to achieve data and gain results.
While carrying out the research, Docker was considered to contain the non-serverless platform. Both platforms were tested to a satisfactory state and any inaccuracies were refactored. Many new technologies were visited. This resulted in some minor complications which were dealt with. Overall this project achieved its goal with accomplishing each task set and generating a result to finalise.   

[bookmark: _Toc31114138]

Recommendations

For this project to progress, some future recommendations would be to enlist individual lambdas to each endpoint, to uproot my non serverless backend/ frontend from localhost and to use amazon RDS proxy for database connection. Creating my non serverless application without it being on localhost will allow performance testing to be calculated more accurately for comparison between both platforms. [35]Scalability will increase if each endpoint had its own lambda. [36] Amazon RDS Proxy manages connections between the relational database and the application, sandwiching itself in-between. This will improve scalability for the application. Other benefits for applying RDS Proxy to the project will reduce database failover times. This is achieved by RDS Proxy routes requests going directly to the new database instance when a failover occurs. This reduces failover times significantly. Additional controls over data security using IAM authentication is provided with RDS Proxy. Compatibility and fully managed database to guide with additional loads are also beneficial.
[bookmark: _Toc31114139]Reflections
The project which was undertaken I felt was very enjoyable to complete. The main reason behind this viewpoint was that I was learning new technologies throughout. I had an apprehension at the start of every new technology faced but a big relief and joy when applying each technology learnt. The project I felt was a tough project to tackle especially as I chose to adopt non familiar technologies. The only familiar technology used was PostgreSQL to create both databases. 
I found that learning JavaScript was demanding in a short window, as well as Node.js and ReactJS. Applying AWS and Docker were also new areas to visit. This unfamiliarity was a drawback in time due to unforeseen errors regularly occurring. Applying Docker to the project I assumed would be straight forward as my research told me that I only needed to add three files to my project. These three files took exceptionally longer than expected as configuration was difficult. Possibly if undertaking a project of this magnitude again I would adopt only a few unknown technologies. 
This project was highly advantageous for myself as my daily work duties include needing to understand majority of the technologies learnt. This project has gained my knowledge in this area by a significant amount as I am more aware of how these technologies are adopted and why they are adopted in real life situations.


[bookmark: _Toc31114140]Appendices

Appendix A
 “Autonomous vehicles have already emerged from the concept phase and passed thorough tests to take their place on the roads” according to Hermann, Brenner, Stadler [37]. They also state that autonomous vehicles are operating in controlled environments but will soon be found within normal traffic. An autonomous vehicle is a vehicle that can get to destination A to B without intervention of a human driver. The vehicle will act on manoeuvring around obstacles with use of algorithms. 
[38]Daimler recognises that there are different types of vehicle automation:
1. Partially Automated – The automatic functions need continuously monitoring by the driver and cannot perform any non-driving task.
2. Highly Automated – The driver will be called in time to take control as the system knows its limitations.
3. Fully Automated – Driver monitoring is not needed as the system can handle all situations autonomously. At this level driverless driving is possible.
With the realism of this technology becoming ever closer, data will need to be kept on each autonomous vehicle and the owners. The DVLA keeps records of driver’s details and vehicle details in separate databases at present. Two new databases will have to be created with a database for autonomous vehicles and a database for autonomous owners.
Travel will increase due to automated vehicles on the road suggest Harper, Hendrickson, Mangones and Samaras [39]. The volume of travel will increase due to many groups who are unable to drive at present and will alternatively become road users, using autonomous vehicles. These groups may include the elderly, non-drivers and people with travel restrictive medical conditions. The autonomous vehicles represent a route for persons who depend on family and friends driving them from A to B on regular occasions to become independent, Harper et al [39]. 
In view of the rising demand in autonomous vehicles a system will have to be in place to keep track of the vehicles and owners. Possibly an autonomous vehicle will be highly priced, limiting the numbers at the initial production stage. A household of four, two parents, two children possibly own 2 cars at present, pricing at 20k each. Were that household to purchase an autonomous vehicle the whole household of four could possibly use it independently. The cost excess of 60-80k would be suited to keep purchasing steady yet in demand. This would make the autonomous vehicle the second expensive item to purchase after a house.
Owners and vehicle details will need to be recorded for government purposes. Annual tax could be implemented on each autonomous vehicle rather than implementing a distance covered tax. Owners details will need to be recorded as some autonomous vehicles will still need a driver present as some autonomous vehicles are not fully automated. This is data that needs further research.
Fully autonomous vehicles will be commercially available within the next twenty years on streets and motorways [40]. “By removing humans and human error from the driving task, autonomous vehicles have the potential to reduce congestion and traffic collisions dramatically” suggests Guerra [40].
Yandex a Russian company is the latest to contribute to the autonomous vehicle environment [41]. Yandex have produced an autonomous vehicle that can drive exceeding 40mph. Lane changing occurs, busy junctions get negotiated with pedestrians nearby, all without human input [41].
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Appendix O

1. What department do you work in?


2. How often do you use non serverless technologies?

Never		Daily		Every other day		weekly	 	 fortnightly

3. How often do you use serverless technologies?

Never		Daily		Every other day		weekly	 	 fortnightly

4. How do you rate your satisfactory experience when using non serverless?


Speed		   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Scalability	   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Efficient to use   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Additional tools  0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Familiarity	    0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10


5. How do you rate your satisfactory experience when using non serverless?


Speed		   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Scalability	   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Efficient to use   0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Additional tools  0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Familiarity	    0	1	 2	 3	 4	 5	 6	 7	 8	 9	 10

6. What platform do you prefer?

Non - Serverless

Serverless




Appendix P
Non Serverless
Duration 50
arrivalRate 30

Started phase 0 (Warm Up), duration: 10s 
Report 
Elapsed time: 10 seconds
  Scenarios launched:  49
  Scenarios completed: 49
  Requests completed:  49
  RPS sent: 5.02
  Request latency:
    min: 3.8
    max: 12.6
    median: 4.2
    p95: 7.2
    p99: 12.6
  Codes:
    200: 49

Started phase 1 (Actual Test), duration: 50s 
Report 
Elapsed time: 20 seconds
  Scenarios launched:  300
  Scenarios completed: 300
  Requests completed:  300
  RPS sent: 30.03
  Request latency:
    min: 2.8
    max: 94.2
    median: 3.3
    p95: 4.5
    p99: 37.4
  Codes:
    200: 300

Report 
Elapsed time: 30 seconds
  Scenarios launched:  300
  Scenarios completed: 300
  Requests completed:  300
  RPS sent: 30.03
  Request latency:
    min: 2.8
    max: 8.3
    median: 3.4
    p95: 4.7
    p99: 5.8
  Codes:
    200: 300

Report 
Elapsed time: 40 seconds
  Scenarios launched:  300
  Scenarios completed: 300
  Requests completed:  300
  RPS sent: 30
  Request latency:
    min: 2.9
    max: 10.6
    median: 3.2
    p95: 4.4
    p99: 7
  Codes:
    200: 300


Report 
Elapsed time: 50 seconds
  Scenarios launched:  300
  Scenarios completed: 300
  Requests completed:  300
  RPS sent: 30
  Request latency:
    min: 2.8
    max: 14
    median: 3.3
    p95: 4.3
    p99: 5.2
  Codes:
    200: 300

Report 
Elapsed time: 1 minute, 0 seconds
  Scenarios launched:  300
  Scenarios completed: 300
  Requests completed:  300
  RPS sent: 30.03
  Request latency:
    min: 2.8
    max: 12.2
    median: 3.2
    p95: 4.4
    p99: 6.4
  Codes:
    200: 300

Report 
Elapsed time: 1 minute, 0 seconds
  Scenarios launched:  1
  Scenarios completed: 1
  Requests completed:  1
  RPS sent: 2
  Request latency:
    min: 3.5
    max: 3.5
    median: 3.5
    p95: 3.5
    p99: 3.5
  Codes:
    200: 1

All virtual users finished
Summary report 
  Scenarios launched:  1550
  Scenarios completed: 1550
  Requests completed:  1550
  RPS sent: 25.71
  Request latency:
    min: 2.8
    max: 94.2
    median: 3.3
    p95: 4.5
    p99: 7.1
  Scenario counts:
    0: 1550 (100%)
  Codes:
    200: 1550




Appendix Q
Serverless

Duration 50
arrivalRate 30

Started phase 0 (Warm Up), duration: 10s 
Report 
Elapsed time: 10 seconds
  Scenarios launched:  49
  Scenarios completed: 48
  Requests completed:  48
  RPS sent: 5.03
  Request latency:
    min: 226.6
    max: 428.3
    median: 244.7
    p95: 401
    p99: 428.3
  Codes:
    200: 48

Started phase 1 (Actual Test), duration: 50s 
Report 
Elapsed time: 20 seconds
  Scenarios launched:  300
  Scenarios completed: 292
  Requests completed:  292
  RPS sent: 30
  Request latency:
    min: 220.4
    max: 1146.1
    median: 234.7
    p95: 467.1
    p99: 1019.4
  Codes:
    200: 292

Report 
Elapsed time: 30 seconds
  Scenarios launched:  300
  Scenarios completed: 302
  Requests completed:  302
  RPS sent: 30.03
  Request latency:
    min: 219.8
    max: 453
    median: 231.7
    p95: 394.2
    p99: 419
  Codes:
    200: 302

Report 
Elapsed time: 40 seconds
  Scenarios launched:  300
  Scenarios completed: 299
  Requests completed:  299
  RPS sent: 30.03
  Request latency:
    min: 219.6
    max: 766.7
    median: 237
    p95: 575.6
    p99: 698.5
  Codes:
    200: 299

Report 
Elapsed time: 50 seconds
  Scenarios launched:  300
  Scenarios completed: 301
  Requests completed:  301
  RPS sent: 30.03
  Request latency:
    min: 215.5
    max: 418.5
    median: 232.5
    p95: 389.1
    p99: 399.6
  Codes:
    200: 301

Report 
Elapsed time: 1 minute, 0 seconds
  Scenarios launched:  300
  Scenarios completed: 301
  Requests completed:  301
  RPS sent: 30.03
  Request latency:
    min: 216.9
    max: 1450.9
    median: 232.2
    p95: 388.3
    p99: 831
  Codes:
    200: 301

Report 
Elapsed time: 1 minute, 0 seconds
  Scenarios launched:  1
  Scenarios completed: 7
  Requests completed:  7
  RPS sent: 1.96
  Request latency:
    min: 221.9
    max: 248.5
    median: 235.1
    p95: 248.5
    p99: 248.5
  Codes:
    200: 7

All virtual users finished
Summary report 
  Scenarios launched:  1550
  Scenarios completed: 1550
  Requests completed:  1550
  RPS sent: 25.71
  Request latency:
    min: 215.5
    max: 1450.9
    median: 233.8
    p95: 399.6
    p99: 709.8
  Scenario counts:
    0: 1550 (100%)
  Codes:
    200: 1550
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Non-Serverless




Total	
Daily	Every Other Day	Fortnightly	Never	Weekly	26	10	0	0	0	


Serverless




Total	
Daily	Every Other Day	Fortnightly	Never	Weekly	18	1	10	0	7	








Non-less	
1	2	3	4	5	6	7	8	9	10	0	0	0	0	0	5	23	8	0	0	Sum of serverless	
1	2	3	4	5	6	7	8	9	10	0	0	0	0	0	0	4	29	3	0	


Speed

n-serverless	
1	2	3	4	5	6	7	8	9	10	0	0	0	0	0	5	23	8	0	0	server	
1	2	3	4	5	6	7	8	9	10	0	0	0	0	0	0	4	29	3	0	
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