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Introduction
In this report the fundamentals of cloud computing will be explain and referring to the benefits of deploying application to the cloud including the scalability, reliability and costs as well as mentioning some drawbacks. Docker is a technology that uses containers in order to deploy web applications to the cloud. Docker has become a popular technology the reasons for this are explored in the report. The development process of producing node.js applications that can be run in Docker is also explained.
Cloud computing
Cloud computing is an important part of modern computing, especially for complex and large-scale computing. Rather than running and storing applications and data from your local physical computer. These applications and data can be used by your local computer over the internet by accessing them from remote physical servers therefore, the workload is not on your machine. Theses services are provided by a cloud service provider.
There are three different types of cloud computing sevices. Infrastructure-as-a-Service (IaaS), Platforms-as-a-Service (PaaS), and Software-as-a-Service (SaaS).
· IaaS, is where the cloud provider manages the hardware portions whereas the user will manage the software [1]. The providers will manage storage, the servers, virtualisation and networking in which they will take care of any repairs, outages or any hardware issues that might occur. 
· PaaS gives the cloud provider more control than IaaS. As the cloud provider not only manages the hardware but it also manages the operating system, middleware and runtime [2]. Only leaving applications and data to be manages by the user.
· SaaS is the most common cloud service, by using this type there is no hardware to manage and no software to install on the user’s side [3]. Allowing SaaS to be accessed from any computer, from any where as long as there is an internet connection.
Benefits of cloud computing
Cloud computing can benefit its users in many different ways. As now there is no need for users to have on site servers or even download applications in order to use them. 
Reliability 
Reliability is a key benefit of cloud computing. Because there are many different things that ensure reliability it is difficult for an individual or a business to ensure reliability using a cloud service provider helps this. 
Having servers and data on-site could lead to the loss of data as the data is only kept on the physical machines. If there is any problem with the hardware it could lead to a permanent loss of data [4]. For example, if a piece of work is only saved on one laptop and the laptop is lost or stolen, the user is no longer able to access that piece of work. Whereas if that piece of work is uploaded to the cloud it is accessible from another device as long as there is an internet connection.
Having automatic software updates is another benefit [5]. Not only does this eliminate the time users have to wait for updates to install but it ensures the systems safe lowering the chance of any security issues that might occur.
Downtime for any business can lead to the loss of revenue, productivity and even the reputation of the business. It is not possible to prevent everything that can happen to a business that causes downtime, for example a power cut from a natural disaster. But having a disaster recovery plan is important in order to get thing working again as soon as possible and this is one of the benefits of cloud services is they provide fast data recovery [6]. 
Scalability 
The ability to store and use large amounts of data is a benefit of cloud computing [7]. Because if a business is required to store more data, using cloud computing allows them to easily scale up [8] in order to manage this data rather than have to purchase more physical servers. 
Cloud computing also allows the option to scale down as well as scaling up. An example of this could be where a business overestimated the amount of RAM they needed and rather than not use it they can scale it down easily.
Cloud computing also has an auto scaling feature that automatically scales up or down depending on the resources used [9]. Which can be very useful as there is no need to manually evaluate whether you should scale up or down.
It could take weeks or even months for a business to scale up as they will have to wait for the items to be delivered and set everything up. Not only will this take a lot of time, but it will also be expensive and as stated above they might need to scale down in the future leading to a waste of money. Whereas cloud providers have the infrastructure to do this easily and quickly [10].
Costs
One of the main benefits to cloud computing is the cost. Because cloud computing uses pay as you go pricing you only pay for what you use therefore, there are no upfront costs [11]. This eliminates the chance of purchasing more than is required. For example if a company is purchasing physical servers they need to know how many they need in advance [12], this could lead to buying more than they need and wasting money. The company could only be using 50% of what they though they would use but would have to pay for all of the servers but by using the cloud they would only pay for that 50%.
As spoken about above there is no need to buy or maintain any physical servers. This means that if a new company wants to take advantage of cloud computing they can do so without the need to purchase expensive servers [13]. As an example if a company needs more data storage they can pay for more on the cloud, but if the company was not using cloud computing they would need to buy more physical data storage. Maybe in the future the company might no longer need the extra data storage this would mean the company has wasted money on physical storage whereas on the cloud they only pay for what they use.
Another cost benefit is that there is no need to have any extra physical space to store the servers and it eliminates extra utility costs like electricity to power them and cool them [14]. Also, there is no need to pay to maintain the servers and repair them if anything goes wrong. There is no need for companies to have large IT departments in order to manage the systems as the cloud provider do this for you.
Drawbacks of Cloud computing
Although there are many benefits of cloud computing there are also a few drawbacks. Because using cloud computing as stated above requires an internet connection. A problem that people could face is not having a reliable or fast internet connection [15] which could become an issue for the user as they might not always be able to access what they need due to internet problems. 
Another drawback, although more phycological people do not like leaving their data in the hands of someone else [16]. Users also trust that the cloud providers provide a high level of security as this is also out of their hands
Downtime can also be a problem of cloud computing because it is out of the users’ hands, and they suffer because of this. Although cloud computing as stated above does improve overall availability.
Docker
The adoption of Docker in order to build web applications has become popular in the last few years. Docker allows users to use containers to run their applications on the host operating system. In order to achieve virtualisation [17]. Similar to virtual machines as both of their goals are to is to allow an application to be run anywhere by isolation the application and its dependencies into a self contained unit. Both technologies eliminate the need for physical hardware to be used as they borrow resources from a host machine.
Docker allows the host to run many containers in comparison to only a few virtual machines. This is because each virtual machine has its own guest operating system on top of the hosts operating system using a hypervisor which provides the virtual machines with resources and distributes the resources between the virtual machines as needed. Whereas containers share the hosts operating system rather than each container having its own guest operating system like the virtual machines and do not use the hypervisor [18]. Therefore, virtual machines are usually measured in GBs while containers are usually measured in MBs [19]. This also allows the containers to be started up very quickly as the application only consume a fraction of the resources a virtual machine does [20]. Docker containers are effective in order to run multiple applications on a single operating system kernel. 
Displayed in Figure 1 is the difference between how virtual machines and docker containers are run. As can be seen on the left as well as its own Bin/Libs each virtual machine has to create a guest operating system from scratch. Whereas as can be seen on the right the applications are run in containers and the containers only have to create the Bins and Libs from scratch which makes containers lightweight.
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Figure 1: Virtual machine vs Containers [21]
Although virtual machines offer a level of portability as it is possible to run Linux on a Windows machine, it is difficult as the guest operating system must be a specific type in order for the application to be run. Docker containers runs the application in isolation. Away from any other dependency on the host machine. Meaning using docker and containers the application can be written for specific environment and still be displayed in any other [22]. The code can be complied and placed into a container and then deployed on any host. 

Evaluation of development process
In this example of how to develop a Node.js application to run in Docker, a web service will be created first and then a webserver and then the process of how docker is used in order to run the application. 
Rather than being run on the client side Node.js is run on the server side this is how it allows JavaScript to be run on the server side as a server-side language instead of C# or Java [23].
Firstly, as a Windows user we must install WSL which allows developers to run Linux environment on Windows without the need for a virtual machine. 
In order to use Node.js the first step of course is to check if it is installed by using “node –version” in WSL if the version is show then Node.js is installed otherwise it will need to be installed using “sudo apt-get install -y nodejs”. By downloading Node.js, Node Package Manager (npm) is installed. Npm as said in the name is a package manager for Node.js [24]. Npm is used in order to install any packages and modules that are required during the project. 
The next step is to create the web service by firstly creating a package.json file in a webservice directory. This is done by typing “npm init” into the wsl. The user is then prompted to answer questions such as the package name, the description, the author and more. This package.json file keeps a list of the dependencies that are being used by the project and must be created before any packages/modules are installed. “Npm install NameoftheModule” is used in order to install any modules which can be seen in the package.json file. Figure 2 is the package.json file and as can be seen under the dependencies are all the modules that have been installed. Also as can be seen is devDependecies, by putting “Npm install –save-dev NameoftheModule” in the modules that are required for development like nodemon as seen in Figure 2. Nodemon automatically restarts the node application once any changes are made. As can be seen above in figure 2, the express.js framework has been installed which is used in order to build web services and a webserver. As well as Postgres which will be used for the database.
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Figure 2: package.json
The next step is to make a JavaScript file that in this example is called service.js. This file will allow us to start the service. As can be seen in figure 3 an express object called service has been created. This object a used with a listen method in order to start the service with the given port number. In order to run this file in the package.json file in the scripts, “ “start”: “node service.js” “ would be used and then in wsl “npm run start” would be used in order to run the start script which is the service.js file. Because nodemone is installed the scrips used to start the service is different as can be seen in figure 2. 
Any routing methods that will be used by the web application will also be placed in the service.js file as can be seen in figure 3 with the post method being used. By using express the database can be modified.
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Figure 3: Service.js file
Now that the web service has been created, the web server can be created. Similar to the web service, within a webserver directory by using “npm init” a package.json file must be created and then all the modules required should be installed. Again, these being express and nodemon in this example as well as Axios. Also, a similar file as the service.js file was created called server.js which uses a listen method to start the server in this case at port 80 for html. Again, the scripts in the package.json file will be changed in order to start the server.
In order to now run theses Node.js applications in docker a file called docker-compose is created in the directory where the service and server directories are. As can be seen in figure 4, this is the docker-compose file which contains different services such as our webserver, our web service and our database. Entering “docker-compose up” into wls runs these containers in docker as displayed in figure 5. Now the Node.js applications are ready to be used.
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Figure 4: Docker-compose file
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Figure 5: Docker cntainers

Appendices 
Link to Video demonstration - https://youtu.be/2KeIbTsQKzc
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