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Introduction

Docker is a containerisation platform that packages an application along with its files, libraries, and dependencies into a portable container. Containers are lightweight, quick to start, and can run consistently across different computing environments because they share the host operating system kernel [2] [4].

In this report, I demonstrate key Docker concepts through practical exercises. These include building Docker images using a Dockerfile, publishing images to Docker Hub, creating persistent volumes to store data, and using Docker networks to connect containers. The report shows how Docker simplifies application deployment and provides an efficient way to run software in modern cloud environments [2]-[4].


1. The Principles of Virtualisation

To understand Docker and its benefits, it is important first to understand virtualisation and how it gave rise to containerisation. Virtualisation enables several virtual machines (VMs) to run on a single physical host machine, each with its own operating system. This is made possible through a hypervisor, which allocates the underlying hardware resources, including CPU, memory, storage, and network interfaces [1] [5] .


Example: Virtualisation of shared hardware 

To demonstrate this in practice, during my ethical hacking class, I installed VirtualBox, which acts as the hypervisor on the physical host machine. I created four virtual machines: Kali Linux, Metasploitable 2, OWASP BWA, and Windows 7. These four virtual machines span two operating system families, Linux and Windows, and each one is isolated from the others despite sharing the same underlying hardware. This practical setup clearly shows how virtualisation allows multiple independent environments to run safely and efficiently on one machine.

Oracle VirtualBox Manager showing Kali Linux, Metasploitable 2, OWASP Broken Web Apps and a Windows 7 VM, all running simultaneously on the same physical host
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A hypervisor is software that virtual machines run on. It manages and shares the physical host’s resources among the VMs, such as CPU, memory, storage, and network access [1]. There are two types of Hypervisors: type 1, called a bare-metal hypervisor, and type 2, called a hosted hypervisor [1].
Type 1 bare-metal hypervisors are installed directly on the physical hardware without the need for a host operating system. They are suitable for large organisations, data centres, and cloud environments because they can manage many virtual machines at the same time. They are fast and provide high performance. Some examples of bare-metal hypervisors are VMware ESXi, Proxmox VE, Microsoft Hyper-V, and Xen.
Type 2 hosted hypervisors depend on the host operating system, like Windows or Linux. They are cheaper and easy to install, making them suitable for students, testing, and lab environments. Some examples of Type 2 hypervisors are Oracle VirtualBox, Parallels Desktop, and VMware Workstation.
Benefits of Virtualisation
Cost Savings: Running several virtual machines on a single physical host drastically reduces the number of physical servers required. This lowers hardware costs, reduces the physical space needed to house equipment, and cuts electricity usage. It can also reduce the physical infrastructure required to install, maintain, and manage an internal data centre and separate servers [1]. This lowers salary overheads and the office space needed to accommodate a large staff team required to use the systems.

Efficient Hardware Use: Virtualisation reduces the need for multiple idle or redundant systems. Instead of buying separate machines for different tasks, one powerful host can run many VMs, ensuring hardware resources are used more effectively [1].

Isolation: Each virtual machine operates in a strongly isolated environment with its own operating system and dependencies. A crash, misconfiguration, or malware infection on one VM is contained within that VM and less likely to affect the others. This makes virtualisation useful for ethical hacking labs, testing, and running potentially risky applications safely in a controlled environment [5].
Disadvantages of Virtualisation
Performance Overhead: Since VMs share the same physical hardware, they may run slower than applications running directly on a physical machine. Boot times can also be longer, and resource‑heavy VMs can affect the performance of other VMs.

Single Point of Failure: If the physical host machine fails, every VM running on it may go down or become unavailable. This creates a dependency on the stability and availability of the physical host.

High Upfront Cost: Powerful hardware capable of running multiple VMs can be expensive. In addition, some enterprise hypervisors may require costly licensing fees.

Complexity: Managing and securing many VMs requires specialist IT skills. Administrators must configure networks, storage, updates, patches, and security controls for each VM. This can increase operational complexity and demands experienced staff.

2. The Principles and Benefits of Containerisation
In contrast to virtualisation, containerisation technology packages an application together with all the files, libraries, and dependencies it needs to run. Containers are lightweight because they do not require a complete operating system to function individually; instead, they share the host machine’s operating system kernel [2] [4]. 
Applications run inside separate containers in isolation, while Docker provides the platform and tools that allow these containers to be built, managed, and run efficiently. Many applications can therefore run simultaneously in different containers on the same host without interfering with each other [2] [4].

Benefits of Containerisation 

Lightweight and Efficient: Containers are lightweight because they do not need a full operating system to function individually. This makes them much smaller and less demanding than virtual machines [2] [5].
Fast Startup Times: Unlike virtual machines, which can take longer to boot, containers can spin up in seconds. As applications need to scale quickly in cloud environments, this fast startup time is important and beneficial for handling increased demand [2] [4].
Portability and Consistency: Containers can run the same way on different devices and environments without breaking or needing extra installations because everything the application needs to run successfully is packaged inside the container, provided a compatible Docker environment is available. This makes the application easier to move between compatible computing environments and helps it behave consistently when deployed [2] [4].
Scalability and Elasticity: With containers, applications are easy to scale as demand increases and more resources are needed to work successfully. When demand falls, the number of running containers will automatically be reduced to avoid wasting resources. Container orchestration technologies are widely used in cloud environments to automate this process [3] [4].
Efficient Resource Use: Being lightweight, many containers can run simultaneously on the same host machine without heavily draining resources such as CPU, memory, and storage capacity. This allows the available hardware resources to be shared and used more efficiently [5].


Disadvantages of Containerisation
Data Persistence: Containers are ephemeral (temporary) by design, and data stored only inside a container can be lost when the container is deleted, removed or recreated. So, to avoid losing important data and information, persistent storage solutions such as Docker Volumes are therefore important for applications that need data to remain available beyond the lifetime of an individual container.
Security Risks and Limited Isolation: Because containers share the same host machine’s operating system kernel, they do not provide the same level of isolation as virtual machines, which each run their own operating system. A vulnerability in the kernel or inside one container can therefore put other containers and the host system at risk [6]. If an attacker gains access to a single container, they may attempt to break out of that container to reach the host machine or other containers running on it. This shared dependency on the host kernel means that one weakness can potentially affect multiple containers, making security and isolation an important consideration when using containers.
Complex Management at Scale: Managing a few containers is easy, but it becomes complicated when the number grows into hundreds or thousands of containers. Large container environments require constant monitoring, updating, restarting, scaling, networking, and health checks. This is why organisations use orchestration tools such as Kubernetes to automate and simplify container management [3] [4].
Evaluation: Containers are lighter and faster than virtual machines, which makes them useful for cloud applications. However, they provide less isolation because they share the host operating system kernel [5] [6]

Dockerfile Construction and Image Build
Example: Demonstrate the Construction of a Dockerfile to build an image
Docker Image Build: This is the Dockerfile I created for a web server using nginx:alpine base image. It copies my index.html file into the Nginx web folder and exposes port 80 for web access. 

The Dockerfile contains:
FROM nginx:alpine
COPY index.html /usr/share/nginx/html/index.html
EXPOSE 80
I then used Visual Studio Code to run:
docker build -t mywebserver .
This successfully created my custom Docker web server image called mywebserver.
Docker container images package application components into reusable units, helping applications to be deployed more consistently across compatible environments [2] [4].
 This successfully created my custom Docker web server image called mywebserver.
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3. Images and Publishing Images to Docker Hub
A Docker image is a packaged and reusable representation of an application environment containing the software, files, configuration, and dependencies required to create containers [2] [4].
After building my Docker mywebserver image, I tagged it with my Docker Hub username using 
docker tag mywebserver career1eve/mywebserver: v1. 
The v1 stands for the image version. 
After that, I logged in to Docker Hub and successfully pushed the image to my repository using the command 
docker push career1eve/mywebserver:v1. 
Container images support repeatable application packaging and distribution across different environments [2]–[4].

Example: Pushing an image to Docker Hub 
The two screenshots below show the commands used to build, tag, log in, and successfully push my Docker image to Docker Hub.

docker build -t mywebserver . 

docker tag mywebserver career1eve/mywebserver:v1

docker login

docker push career1eve/mywebserver:v1
These screenshots are evidence of my own practical work.
Publishing my image to Docker Hub makes it easier to store, share, and reuse the application on other compatible Docker-enabled systems.
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4. Container volumes
Docker volumes are a persistent storage medium used to store container data separately from the container. Because containers are ephemeral, or temporary, by design, data stored only inside them can be lost when the container is deleted or recreated. With Docker volumes, the data is stored separately and can be accessed and reused when needed.
Example: Creating a Docker volume 
Commands Used to Create and Test the Docker Volume
1. docker volume create mywebserver-data
Creates the Docker volume.
2. docker run -d --name volumetest -v mywebserver-data:/usr/share/nginx/html/mydata mywebserver
Runs the first container and attaches the volume.
3. docker exec volumetest sh -c "echo hello from the volume > /usr/share/nginx/html/mydata/note.txt"
Creates note.txt and stores test data in the volume.
4. docker exec volumetest cat /usr/share/nginx/html/mydata/note.txt
Confirms that the test data was stored.
5. docker rm -f volumetest
Deletes the first container.
6. docker run -d --name volumetest2 -v mywebserver-data:/usr/share/nginx/html/mydata mywebserver
Creates a second container using the same volume.
7. docker exec volumetest2 cat /usr/share/nginx/html/mydata/note.txt
Confirms the original data is still available, proving persistence.
This shows that Docker volumes keep data even when the original container is deleted and a new container is created using the same volume.
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Commands used to check and inspect the Docker Volume:

docker volume ls

docker volume inspect mywebserver-data

The first screenshot image shows that the  mywebserver-data volume exists. It also provides detailed information about the volume using docker volume inspect mywebserver-data

The second image shows the desktop view of the volume.

The third image shows the note.txt text file stored inside the volume, demonstrating that the volume is storing data persistently.

Evaluation: My practical test showed that Docker volumes are useful because the note.txt data remained available even after the original container was deleted. This makes volumes useful for applications that need to keep important data.
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5. Container networking 
Container networking allows Docker containers and other connected systems to communicate and exchange data. Networking is particularly useful for applications made up of several connected services that need to work together [3] [4].
Example: Creating a Docker network 
The following commands were used to create and test the Docker network:
1. docker network create mynet
Creates a custom Docker network called mynet

2. docker network ls
Lists Docker networks and confirms that mynet exists

3. docker run -d --name web --network mynet mywebserver
Runs the web container and connects it to mynet

4. docker run -d --name tester --network mynet alpine sleep 3600
Runs a tester container on the same mynet network

5. docker exec tester wget -qO- http://web | Select-String "My Cloud Engineering Assignment"

Tests communication between tester and web and confirms that the webpage is reachable.

The successful return of the webpage title confirms that the tester container was able to communicate with the web container through mynet.
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Docker Network Inspection in Docker Desktop
The networking test confirms that the tester and web containers were able to communicate while connected to the same Docker network.
The Docker Desktop Inspect view confirms that the web container is connected to the custom mynet network and displays the assigned network information.
Evaluation: My practical test showed that Docker networking allows containers connected to the same network to communicate with each other. This is useful when different parts of an application need to work together.
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6. Overall HTML Web Server Demonstration
index.html Visual Studio Code 
The index.html file contains the HTML and CSS used to create my Cloud Engineering Assignment webpage. This is the webpage that i packaged and deployed using Docker.
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Docker Image Build and Container Run
I used the following commands to build the image, run the container, and confirm that the container was active:
docker build -t mywebserver .
docker rm -f mywebcontainer
docker run -d -p 8080:80 --name mywebcontainer mywebserver
docker ps
The docker build command created the mywebserver image. The docker run command created a container called mywebcontainer and mapped port 8080 on the host machine to port 80 inside the Nginx container. The docker ps command confirmed that the container was running.
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Live HTML Webpage in the Browser
After running the Docker container, I accessed localhost:8080 in the browser and successfully displayed my HTML webpage.
This confirms that the mywebcontainer container is running correctly and that Nginx is successfully serving my webpage.
The HTML page is live at localhost:8080.
The overall practical exercise demonstrates the process requested in the assignment: creating the HTML application, constructing the Dockerfile, building the Docker image, running the image as a container, displaying the application through an Nginx web server, and publishing the image to Docker Hub.
Evaluation: The practical exercise showed that Docker brings application packaging, deployment, storage, networking, and image distribution together within one platform. This makes Docker useful for efficient and portable application deployment in cloud environments [2]–[4].
The HTML Page Is Live At localhost:8080
[image: ]
Conclusion
This report examined the importance of Docker and containerisation within cloud computing through theory and practical exercises. Virtualisation enables multiple virtual machines to share physical hardware, while containerisation provides a lighter approach by allowing applications to share the host operating system kernel.
The practical work demonstrated how a Dockerfile can be used to build an image, run a containerised Nginx web server, display an HTML webpage, publish an image to Docker Hub, store persistent data using Docker volumes, and connect containers using a Docker network.
The findings show that Docker provides benefits such as lightweight deployment, portability, efficient resource use, scalability, and fast startup. However, limitations such as security risks, reduced isolation compared with virtual machines, persistent storage requirements, and management complexity should also be considered [4]–[6]. Overall, Docker provides a flexible and efficient approach for deploying and managing applications in modern cloud environments.
Video Demonstration
A short practical video demonstrates the Docker exercises presented in this report, including the HTML file, Dockerfile, image build, running container, live web server, Docker Hub publication, Docker volume, and Docker networking.
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Task 2: Cloud Computing

Introduction
Before the advent and popularity of Cloud Computing, organisations were doing business the old way. They spent huge sums of money owning physical IT infrastructure, like servers, internal data centres, cooling fans, expensive software, high electricity cost, and then faced the long wait for all of it to be installed. Everything had to be bought, delivered, set up, configured, and maintained on‑site before the organisation could even start using it. Also, they needed specialised IT personnel, whether as staff or contractors, to handle that part of the business and keep systems running smoothly [1] [3]
In the legacy way, organisations were guessing the resources they needed. If more computing power or an upgrade was required, they had to buy new servers and all other hardware components to get that extra compute capacity. And when the demand dropped, some components like servers were left redundant until the need for them arose again. In effect, there were so many wasted resources in the end. Companies were paying for hardware that sat idle, consuming electricity, taking up physical space, and requiring maintenance even when it was not being used. This made traditional IT expensive, slow, and highly inefficient [1] [2].
The Cloud Era
The emergence of cloud computing addressed these problems by replacing physical infrastructure with flexible, on‑demand resources in the cloud that organisations can rent instead of owning. This paradigm shift has made modern IT far more cost‑effective, scalable, and easier to manage, because it has taken away the burden of buying hardware, maintaining data centres, and dealing with long installation delays [1] [2] [3], as well as reducing the number of IT staff and contractors needed to run the business.
With cloud computing, organisations gain the benefits of scalability, load balancing, and application gateways. Organisations do not have to guess the computing resources they may need; when demand increases, cloud providers like Amazon AWS, Microsoft Azure, and Google GCP automatically increase resources through auto-scaling, and when demand drops, the extra resources scale back down too, thereby minimising waste and unnecessary redundancy [2] [8].
Cloud computing also provides automatic load balancing, which helps reduce server overload during high traffic and may reduce situations where throttling becomes necessary by routing, distributing, and spreading incoming requests across several servers and healthy instances, while bypassing the unhealthy ones. This reduces overload on any single server so it doesn't get overwhelmed [7].
Cloud computing has also helped in the area of application gateway routing by making every request to an application pass through an application gateway, which delivers it to the correct application server. Application gateways operate at Layer 7 (the application layer). They can read information contained in HTTP and HTTPS requests and route traffic based on details such as URLs and hostnames. When combined with a Web Application Firewall (WAF), they can also inspect and filter malicious requests before they reach the application and cause security harm [9].
1• A brief description of a cloud provider’s approach to implementing each of these concepts.

Microsoft Azure Approach
Load Balancing: Azure Load Balancer operates at Layer 4 and can handle large volumes of incoming network requests by distributing traffic across healthy virtual machines and servers. In other words, to avoid overwhelming any particular instance during high traffic, it balances the workload across the available healthy resources. This also improves availability and fault tolerance because traffic can continue to be sent to healthy servers if one instance fails [7].
Scalability: Azure supports scalability through Autoscale and Virtual Machine Scale Sets. When the demand for resources increases, Azure can automatically increase capacity by adding more virtual machines to handle the spike in demand. When demand drops, the extra resources can scale back down. This helps organisations avoid paying for unused capacity while also maintaining good performance during periods of high demand [8].
Application Gateway: Azure Application Gateway operates at Layer 7, the application layer. It acts as a secure entry point for web traffic and routes incoming requests to the appropriate application servers, virtual machines, or backend instances. Because it works at Layer 7, it can read information contained in HTTP and HTTPS requests and use details such as the URL or hostname to decide where the traffic should go. For example, requests for /login can be sent to one backend while /documents can be sent to another. When combined with a Web Application Firewall (WAF), it can also inspect and filter requests that may pose security concerns before they reach the application. Azure Application Gateway also performs health checks on backend resources and directs traffic only to healthy instances, helping to improve application availability and reliability [9].
2. Why load balancing and scaling are complementary concepts.
Load balancing and auto scaling are complementary because they work together automatically. The use of one necessitates the other. The need for more compute capacity to handle the added workload triggers auto scaling to add extra virtual machines or instances to the pool due to an increase or spike in demand in network traffic [8]. 
This scaling action automatically triggers the Load balancer to health-check the new VMs or instances and distribute traffic evenly across the healthy ones so that no single server gets overwhelmed or fails due to overloading. Autoscaling provides the extra computing resources, while the load balancer makes sure the workload is evenly shared across them [7] [8]. Together, they ensure smooth business operations without downtime.
3. Demonstrate the benefits of combining all three technologies together in providing a service to a customer.

Scenario: 

Usually, during special peak sale seasons, or when an online retail platform is running a flash sale for new or discounted products for a limited period of time, there would be a sudden surge in customer demand as many people try to take advantage of the discount window before the sale ends. This rush of customers using the website for product ordering and payments at the same time will place extra demand on the network and application resources. Without cloud technologies such as scalability, load balancers, and application gateways, such rapid spikes would overwhelm the system and could even cause it to crash [2] [8]. 

Scalability: To handle this spike and prevent the website from crashing or becoming slow, extra compute resources will be needed, and autoscaling will automatically add more virtual machines or instances to the pool as required at that time [8]. 

Load Balancer: As more servers are added, the load balancer will distribute the increased traffic across the available healthy virtual machines so that no single instance becomes overloaded, overworked, or overwhelmed [7]. 

Application Gateway: At the same time, Application Gateway, which operates at Layer 7, sits at the entrance of the application like a gatekeeper. It inspects HTTP and HTTPS requests and uses information such as the URL or hostname to route traffic to the appropriate application server. When combined with a Web Application Firewall (WAF), it can also inspect and filter malicious requests before they reach the application [9].
Benefits
There is a huge amount of customer frustration and dissatisfaction when websites crash or become unavailable, but when scalability, load balancing, and application gateway technology are combined to provide service to customers, several significant benefits are achieved, such as 
1.  Fast Response and Improved Performance: Because auto-scaling and load balancers work together to keep individual servers from becoming overloaded, customers experience fast page loads and quick transaction processing even under normal peak conditions [7] [8].
2. High Availability and Reduced Downtime: It builds trust as it ensures that the application stays online so customers can keep shopping without interruptions [7] [8].
3. Stronger Security for Customer Data: It keeps customer data safe and protects the application from cyber threats [9].
4. Reliable Experience During Demand Spikes: When demand surges, such as during a flash sale, auto-scaling and load balancing working together prevent failed checkouts, timeouts, or dropped orders, so that customers can complete their purchase without interruption [7] [8].
5. Cost Efficiency for the Business: It prevents wasted resources and lowers operational costs for business owners, as cloud computing is cheaper than traditional IT with the pay-as-you-go model [1] [8].
6. Faster Innovation and Easier Management: Because scalability and load balancing automatically add and manage the extra virtual machines needed, the business's staff don't have to create new instances while the sale is happening. This gives them more time to focus on improving the product instead [1] [8].
Overall, there is guaranteed efficiency, reliability, and a satisfactory experience for all.
4a. Driving Forces Leading to Expansion of Cloud Computing, Such as Cost and Flexibility
The rapid expansion of cloud computing is a result of several factors, such as cost, flexibility, reduced infrastructure management, high availability, faster time to market, global accessibility, and many more [1] [2] [3].
Cost: The major factor in cloud computing expansion is that organisations no longer spend or waste money on servers, storage devices, networking equipment, high electricity costs, maintenance of internal data infrastructure and specialised IT staff or contractors, like it used to be in the era of traditional IT systems. The emergence of cloud computing introduced a pay-as-you-go model, which allows organisations to consume computing resources according to need [1] [3], and helps them to maximise their profits.
This also helps businesses avoid spending a lot of money upfront on hardware they may not use all the time. Instead of buying enough resources for the busiest period, they can rent what they need and increase or reduce it when demand changes. This helps them control costs and avoid wasting money on unused resources [1] [2]. 
Flexibility: The ability to automatically scale to increase and decrease compute resources when needed during high and low demand periods without waste or guessing capacity, like in traditional IT, has become a very attractive incentive for organisations [2]. Businesses now respond quickly to changes; they don’t need to add hardware to achieve that advantage.
Flexibility helps businesses respond quickly when customer demand changes. They can add more computing resources when needed without waiting for new physical servers to be bought, delivered and installed. This makes it easier for businesses to adjust quickly to changing needs [2] [3].
Reduced Infrastructure Management: There is no more need to secure space for increased IT infrastructure to catch up as the business grows. Cloud computing has given organisations the leverage to just deploy in the cloud. 
The cloud provider takes care of most of the physical infrastructure, such as servers, storage, power and cooling. This means the organisation has less equipment to manage, and its IT staff can focus more on applications and other business needs [3].
High Availability: Cloud computing provides high availability through redundancy, multiple data centres, availability zones and failover. This allows organisations to maintain business services even when a particular resource or location experiences a failure.
Cloud providers have several data centres and availability zones. If one location fails, the application and data can switch to another healthy location and continue running. This helps reduce downtime and supports business continuity [8].
Faster Time to Market: Unlike traditional IT environments where organisations will purchase hardware, install software, and wait for the time when everything will be ready before using it, cloud computing has come to put an end to that, as they can start deploying quickly [1] [3].
This helps businesses launch new applications, products and services much faster. They do not have to wait for hardware to be bought and installed, so they can respond quickly to new opportunities and stay competitive [1].
Global Accessibility: Cloud computing has made it easier for many businesses to provide applications and services to users in several locations all around the world [3]. Global reach has significantly increased sales and profit for them.
Major cloud providers have data centres in different parts of the world, which makes it easier for businesses to serve customers in many countries. Keeping cloud resources closer to users can also make applications faster and easier to access.
4b. Include in your discussion an explanation of serverless functions.
Serverless Computing: Cloud providers have also introduced serverless functions, or serverless computing, to run applications in the cloud. This means the cloud provider runs your code automatically when it is triggered by an event, such as a user clicking a button, without the developer having to manage the server or manually start the process. AWS Lambda and Azure Functions are examples of serverless computing [4] [5] [10].
For example, an online retail website. When a customer completes an order, that action can automatically trigger an Azure Function or AWS Lambda function to send an order confirmation email. The developer does not have to start the process manually each time. Once the event happens, the function runs, carries out the task and then stops [4] [10].
Serverless computing also supports important reasons why businesses move to the cloud, especially cost and flexibility. For short or occasional tasks, there is no need to keep a dedicated server running all the time. Depending on the pricing model, the business mainly pays when the function is actually being used. Serverless functions can also scale automatically when more requests come in, which makes it easier to handle changes in demand [4] [5] [10].
Another advantage is that there is less infrastructure to manage. The cloud provider takes care of much of the server management, maintenance and scaling, while developers can focus more on writing and improving the application code [4] [5].
4c. Compare & contrast this approach with containerisation in identifying these driving forces.
Serverless computing and containerisation are both beneficial to businesses in terms of cost savings, but they function differently [4] [5].
Serverless computing: In this model, the cloud provider runs your code and manages the servers on your behalf at the back end. You only pay for the service when the function is triggered and running. This can save costs for short or occasional tasks. It is flexible because it can scale automatically without the developer having to manage anything [4] [5]. 
Serverless computing needs less infrastructure management because the cloud provider handles most of the server setup and maintenance. However, this also means the developer has less control over the underlying infrastructure compared with containerisation [4] [5].
Containerisation: In this model, the application, code and all the dependencies it requires to run are packaged together and shipped in a container like Docker. However, because containers are portable and lightweight, they can run consistently and successfully across compatible environments. Containers require more management, may continue using allocated computing resources while they are running, and offer more portability and control [6].
In terms of cost, serverless computing can be cheaper for short or occasional tasks because the function only runs when it is needed. Containers can also save money because they are lightweight and can share the same host resources, but they may keep using resources for as long as they are running [4] [6].
In terms of flexibility, both have different strengths. Serverless computing can scale automatically and needs less infrastructure management. Containers are more portable because they can run in different compatible environments, such as a developer’s computer, a private data centre or a cloud platform [6].
In terms of management and control, serverless computing is easier to manage because the cloud provider handles more of the infrastructure. Containers need more management, but they give developers more control over the application and how it is deployed [4] [6].
Overall, both approaches are useful in different situations. Serverless functions are better for short, event-driven tasks, while containers are better for applications that need more control, portability or continuous running [4] [5] [6].
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PS C:\Users\user\OneDrive\Documents\cloud-html-project> docker exec volumetest2 cat /usr/share/nginx/html/mydata/note.txt

hello from the volume
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1 FROM nginx:alpine
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PS C:\Users\user\OneDrive\Documents\cloud-html-project> docker build -t mywebserver .
% [+] Building 1.9s (7/7) FINISHED docker: desktop-1inux
[internal] load build definition from Dockerfile 0.2s
> transferring dockerfile: 1158 0.0s
[} => [internal] load metadata for docker.io/library/nginx:alpine 0.3
[internal] load .dockerignore 0.0s
> transferring context: 28 0.0s
@ [internal] load build context 0.05
=> transferring context: 1.39kB 0.0s
CACHED [1/2] FROM docker.io/library/nginx:alpine@sha256:54f2a9e4c251d5a34adf545a72d3  @.1s
=> resolve docker.io/library/nginx:alpine@sha256:54f2a984c251d5a34adf545a72d32515a15 @.1s
[2/2] coPyY index.html /usr/share/nginx/html/index.html 0.2s
=> exporting to image 0.8s
exporting layers 0.3s
exporting manifest sha256:5c47fc899a56462d687d11badc7e196f043a5ae66de206553F1924  0.0s
exporting config sha256:edoBope3bie700efb241feccsbs5311a77h39752939d77530ca057dc  0.0s
exporting attestation manifest sha256:bf152805393682897292115¢5523a76b1128276cC66 ©0.1S
exporting manifest list sha256:dfaag383c647a53b9a7efcead174176c71912467046439aa15 ©.0s
naming to docker.io/library/mywebserver:latest 0.0s
unpacking to docker.io/1ibrary/mywebserver:latest 0.1s
PS C:\Users\user\OneDrive\Documents\cloud-html-project> |
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