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[bookmark: _Toc214229076]Introduction
Cloud computing refers to on-demand usage of shared servers, storage and platforms available on the internet at a pay-as-you-use price [1]. The report will start by defining virtualisation and containerisation with Docker. Second, it examines concepts of clouds, including load balancing, scalability, and application gateways. Third, it talks about the accelerators of cloud development and the comparison of serverless functions with containers. Part A will demonstrate the relevance of containerisation by writing a Dockerfile, building an image, pushing it to DockerHub, using volumes and networking, and writing a web server that will serve a web page (in this case, a simple static HTML page). Part B is based on load balancing, scaling, and gateways of an online bookstore. Part C will investigate the cost and flex, and compare serverless and containerised services.

[bookmark: _Toc214229077]Part A
[bookmark: _Toc214229078]Principles of Virtualisation
[bookmark: _Toc214229079]Definition and Types of Virtualisation
Virtualisation is the representation of the physical equipment into one or more virtual machines (VMs). A software layer known as a hypervisor handles access to network, storage and network resources, memory and CPU as opposed to running a single operating system on the server hardware [2]. Every VM acts as an independent computer having an operating system and apps, although they can all use the same underlying machine.
Two types of hypervisors are used. Type 1 (bare-metal) hypervisors: This is a type of hypervisor implemented directly on the physical hardware and uses VMs as integrations. They are mainly VMware ESVi and Microsoft Hyper-V Server, and are typical in Data centres due to their performance and isolation. Type 2 (hosted) hypervisors, such as VirtualBox, run as applications on top of another operating system, such as Windows or macOS [3]. That is where the hardware is controlled by the host OS, and the virtual hardware is offered by the hypervisor to every VM.
[image: ]
Figure 1: Downloading Docker Desktop (screenshot).
Each contains its own processes, file system, and network setup in the guest OS within a VM in both ways. This could be an illustration whereby a single VM may be running Linux to execute a web application and the other is running Windows to run a database, but both use the same Intel processor and RAM. Docker Desktop uses a minimal Linux VM that runs on a Windows hypervisor (with WSL2), which shows an example of virtualisation [4].
[bookmark: _Toc214229080]Virtualisation of Shared Hardware
Shared hardware virtualisation implies the CPU cores, memory, disc and network factors of a single physical server are partitioned into virtual resources. The hypervisor allocates CPU time across VMs, apportions segments of RAM, administers virtual discs, which are based on physical storage and supplies virtual network cards linking to virtual switches [5]. Each VM appears to be on its own dedicated hardware, but the resources are in fact shared amongst numerous guests.
[image: ]
Figure 2: Updating WSL Linux to prepare the environment (screenshot).
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Figure 3: CPU Virtualisation: Enabled (screenshot).
This entails a number of advantages. There is also increased optimisation in hardware, where a single server is capable of executing numerous workloads rather than having the machine hosted. Isolation is greater than with normal processes: Crashes or misconfiguration of one VM do not have a real impact on other ones. Snapshots and snap-on migration are also possible through virtualisation. Administrators can suspend a VM, capture a state of the VM or even live-migrate the VM to another host for maintenance or load balancing operations [6]. Task Manager CPU view on the machine would display Virtualisation: Enabled, which shows that the machine has hardware extensions like Intel VT-x designed and enabled, which the Windows hypervisor actively utilises to share the CPU and memory between the normal desktop and the virtualised Linux world used by Docker.
[bookmark: _Toc214229081]Link to Cloud Computing
Initial cloud computing, particularly the Infrastructure as a Service (IaaS), was constructed based on the VM virtualisation. AWS and Azure offer a large number of physical servers with hypervisor capabilities, and customers consume a virtual machine, such as EC2 instances or Azure VMs, on top [7]. The customers can rent VMs as and when they need and avoid the cost of owning hardware.
[image: ]
Figure 4: Connecting to the cloud to start Docker Engine (screenshot).
Despite being a basic technology, VMs are quite bulky, feature whole-guest operating systems, and take a long time to boot up. Applications produced in a modern cloud-native approach have consequently migrated to a containerization approach, offering a lighter-weight operating system isolation. The following paragraphs explain what is meant by containerisation and demonstrate how Docker Desktop on a Windows platform to cut and deploy containerised web services.
[image: ]
[bookmark: _Toc214229082]Principles and Benefits of Containerisation
[bookmark: _Toc214229083]Containerisation
Containerisation is another type of OS-level virtualisation. Containers are executed as separate processes sharing the host kernel as an alternative to virtualising the complete hardware stack and executing a full operating system as a guest. Linux features like namespaces (process IDs, networking, file systems) and control groups (cgroups) used as resource limits are used to accomplish isolation. Every container shares a view of the file system, processes and network, despite the fact that it sharing the same underlying operating system [8].[image: ]
An image is formed out of an image, a kind of packaged snapshot of all that the application requires: application code, runtime libraries, defaults, and sometimes small utilities. The operating system hosting it will not require any understanding of how the application has been constructed; it just requires the container runtime.
The most common application of this model is the Docker. Docker has tools that are used to create images, as well as running containers and container lifecycle management. On thewindows machine, Docker Desktop runs inside a small Linux PC (WSL2) environment which needs a Docker Engine to run Linux containers [9].
[bookmark: _Toc214229084]Containers vs Virtual Machines
Containers and VMs are equivalent in terms of isolation, but they are used at different levels, and have trade-offs. A VM has a complete image of the operating system, system libraries and application stack. This implies that every VM is relatively large: it requires several gigabytes of disc memory and extended start-up durations as OS loads. In contrast, containers share the host kernel and only package the user space components that they actually need. Consequently, containers are significantly smaller, and they can be initiated in seconds or even in milliseconds [10].
This absence of difference has an impact on overhead, density and performance. VMs are more expensive than bare machines because they replicate OS kernels and device drivers per instance usage of the resources. One physical host can host tens of VMs but can frequently host hundreds of containers. Containers also restart quicker following failures; this is beneficial to resiliency.
Containers make transport better outside the port. One image is the bundle of an application and its dependencies, and is capable of executing on any host that supports the Docker runtime, irrespective of the distribution of the host. Comparatively, the operation to relocate a VM could require compatibility of hypervisor versions and using larger disc images [11].
Containers are generally preferable to modern cloud-native systems, in which applications are constructed out of a large number of microservices that need to scale up and down quite often. Instead, they go along with the continuous integration (CI) and continuous delivery (CD) pipes. Containers would be most suitable with microservices, DevOps platforms and workflows, including Kubernetes, because of the ability to build and roll out service variations with minimum downtime [12].
[bookmark: _Toc214229085]Key Concepts: Images, Containers and Registries
In Docker, images are a read-only template that consists of layers. Each layer logs filesystem changes, including additions of files or installation of packages. When a container starts, Docker combines these layers with a little writable layer on top of it. The executed instance is referred to as a container. If the container is deleted, this will delete the writable layer on the container but not delete the underlying image [13].
A registry is used to save and share images. Images are stored in a registry, which is denoted by names e.g. nginx: alpine or heyle0/cloud-demo:1.0. The name is normally a registry hostname (docker.io), a user or an organisation namespace (heyle0) and storage name and tag (cloud-demo:1.0). Registries are central to cloud pipelines, because they are a potion where build systems push using images and the deployment platforms pull from when deploying.
A Windows laptop was used as the public registry to build the image that was used in the practical work using the remote image repository Docker Hub. This allowed the subsequent use of the same image on different machines or in a cloud platform.
[bookmark: _Toc214229086]Benefits of Containerisation in the Cloud
Containerisation has a number of practical advantages when operating in the cloud. First, it offers portability and quality in different environments. A visual production created on a device of a developer is treated the same when retrieved to a CI server or even a cloud cluster. This eliminates the symptoms of the machine problem [14].
Second, a container gives a boost in fast deployment and rollback. When the new version of a service has been set up, it is usually done by pulling the new image and launching containers off of it. When any issues arise, the orchestrator is able to just revert to the earlier tag of the image [10]. In this case, updating the web page was just a re-run of the container having made a modification to the index.html having rebuilt the image heyle0/cloud-demo:1.0.
Third, it is containerisation, which supports the scalability. Containers are lightweight and therefore it is simple to maintain several instances of the same service in a load balancer. Orchestration systems like Kubernetes, Amazon ECS or Azure Kubernetes Service (AKS) are capable of automatically scaling the number of containers depending on CPU usage or request rates. CI/CD tools are used to automate the buildflow (build > push > deploy) which is internationally connected with a registry as the middle point [14].
In this assignment, a web server built on the Nginx technology and deployed on a Windows laptop under a Docker image was tested. Theology adjusting the same image may push it to Docker Hub, as well as deploy it on a cloud host or Kubernetes cluster unaltered, demonstrating that containerisation separates application wrapping artifacts and the underlying portion of infrastructure.
[bookmark: _Toc214229087]Example: Constructing a Dockerfile to Build an Image
In order to implement these ideas, a minimal static web page was developed and contained in a Docker image. The directory C:\Users\mahaf\cloud-docker-demo was created with an index.html file containing the text, Hello from the Docker container on Windows. Then a Dockerfile was created and started with the image Nginx: alpine as a base image, copying the HTML file to the Nginx web root and leaving port 80 open. The Docker images were built, and the container was run using the following commands in Docker Desktop and in PowerShell: docker build -t heyle0/cloud-demo:1.0. and docker run -d --name cloud-demo-web -p 8080:80 heyle0/cloud-demo:1.0 respectively. Nginx was able to serve the custom web page inside the container when a browser was run to the URL of http://localhost:8080.
[bookmark: _Toc214229088]Images and Publishing Images (Docker Hub)
[bookmark: _Toc214229089]Docker Images and Tagging
Layers constitute docker images and their tags are used to identify specific image versions. A tag such as 1.0 or latest is a human readable tag pointing to a certain image ID. In this project, labelled the new image as heyle0/cloud-demo:1.0. Tags enable the teams to see what version of an application is active in every environment and can roll back with ease should the requirement arise [15].
Traceability requires the use of tagging. Precise image tags can be considered logs and deployment manifests, thus it is obvious which code and dependencies are deployed. With a new deployment, in case it introduces a bug, the operations staff can redeploy the earlier tag without the need to rebuild anything.
[bookmark: _Toc214229090]Docker Hub Public Registry
Docker Hub is a web-hosted registry, which holds official base images (including nginx, Ubuntu and Python) and user repositories. Created a free account under the user name heyle0. After creating heyle0/cloud-demo:1.0 locally, and logged into Docker Hub, PowerShell, docker login and provided credentials.
Within a cloud setup, registries such as Docker Hub are placed in the middle of deployment processes. Image Pushing: New images are pushed to the registry by build tools. Cloud services like Kubernetes, Azure Container Apps, or AWS ECS have been configured to take images from that registry when scaling up or updating services, for example. The application of Docker Hub to this assignment replicates this trend on a small scale.
[bookmark: _Toc214229091]Example: Pushing an Image to Docker Hub
[image: ]
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The procedure of publication was not problematic. After it confirmed that the container ran locally and served the page in HTML, and logged in to Docker Hub:
After the command had replied with Login Succeeded, and pushed the local image to the remote repository:docker login

The required layers were uploaded by Docker. Within the Docker Hub web interface display, It was able to view an image of a repository by the name heyle0/cloud-demo and tag 1.0. Since that time, it has been run using the following command on any machine with Docker installed:docker push heyle0/cloud-demo:1.0

And get this Nginx web server serving the index.html. This demonstrates the portability of images as artefacts: created on the laptop, stored in the middle of the world, and used, including cloud support of containers.docker pull heyle0/cloud-demo:1.0
docker run -p 8080:80 heyle0/cloud-demo:1.0

[image: ]
[bookmark: _Toc214229092]Container Volumes
[bookmark: _Toc214229093]Importance of Volumes
A default occurrence means that all data written in the filesystem of a container is temporary. When the container is deleted, the writable part is removed and the data is lost [16]. In most uses, this is not satisfactory, since they must safely store databases, user uploads, configuration files or logs. It is simpler to treat containers as immutable and disposable when the data that they rely on is elsewhere stored.
This is addressed with the help of volumes that are storage points controlled by the Docker engine and then mounted into containers. A volume of data is not a part of the lifecycle of the container itself. After container removal or recreation, nothing is lost to the contents of the volume, except in cases of direct removal. During such separation, recreate or enhance containers at will, retaining valuable information.
[bookmark: _Toc214229094]Volume and Cloud Context types
Docker has named volumes that are identified by names but made with the help of name like webdata and bind mounts that bind a given directory on the host into a container.
Managed discs or network storage tend to be the volume supports in cloud environments. Container orchestrators are able to map persistent volumes to storage classes, so that stateful service such as SQL databases or message queues are able to survive when a node fails [17]. This pattern appears on one laptop in thelocal experiment of a given volume.
[bookmark: _Toc214229095]Example: Creating and using a Docker Volume
[image: ]
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To Evidence continuing Efforts, made a named volume:docker volume create webdata

Then ran one container using Nginx; this container maps to this volume at its web root:
At first, when enter the localhost:8081 it was only presented with the default content since the volume was empty. A copy of index.html in the host folder into the directory that was mounted on the container:docker run -d --name vol-web -p 8081:80 -v webdata:/usr/share/nginx/html nginx:alpine

Reload of http://localhost:8081 showed theown page. In order to demonstrate that the data reside in the volume rather than in the writable layer of the container, erased the container and created a new one that utilised the same volume:docker rm -f vol-web
docker run -d --name vol-web2 -p 8081:80 -v webdata:/usr/share/nginx/html nginx:alpine
docker cp index.html vol-web:/usr/share/nginx/html/index.html

The custom page would remain available, at the same values as before, at: http://localhost:8081, and this verifies that the webdata volume is able to retain the HTML file across container lifecycles.
[image: ]
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[bookmark: _Toc214229096]Container Networking
[bookmark: _Toc214229097]Docker Networking
When Docker is initiated to start a container, it puts it into a network and assigns it an internal IP address. Containers on the default bridge network are capable of accessing the internet and one another with the help of these private IPs. Nonetheless, IP addresses are clumsy and non-configurable; thus, Docker also allows defining user-configured bridge networks, with in-built DNS, so containers can name each other [18].
Networks defined by users provide isolation. Containers attached to one network cannot talk to the containers on another network - it closes down this communication unless some special routing is done. This can be used to isolate various application stacks within the same host.
[bookmark: _Toc214229098]Networking in the Cloud is Important
Actual cloud applications are a series of containers that need to communicate with each other: web front-ends access APIs, APIs access databases and background workers read messages off queues. These interactions are based on container networking. It can also aid in load balancing, whereby traffic on one of the public endpoints is spread among multiple instances of the same service in the form of container images. Network policies are security measures that ensure that not all services can communicate [19]. Simple local networks in Docker can help understand how larger orchestrated systems, like Kubernetes, can be used to communicate between pods and services.
[bookmark: _Toc214229099]Example: Creating a Docker Network
[image: ]
Created a user-defined bridge network called appnet in order to venture into networking.
Then incubated the web server container on that network and did not publicise any host ports:docker network create appnet

The net-web container was now external to port 80. To test connectivity, this temporary Alpine container in the same network was put up:docker run -d --name net-web --network appnet heyle0/cloud-demo:1.0

Inside the Alpine shell that was installed, also installed curl and did:docker run --rm -it --network appnet alpine sh

The terminal output to HTML in index.html was that the container name net-web was resolving properly on the appnet network. It only needs to make a simple test which shows how the network and DNS provided by Docker make it possible to use name-based service discovery between containers.curl http://net-web

[bookmark: _Toc214229100]Overall Process Example: Web Server and Docker Hub
The scenario is a simple, uncomplicated website that is hosted by Nginx within a Docker container. Created a blank index.html page, wrote a new Dockerfile to bundle it into an image and built and started the container using theWindows home computer and subsequently pushed the image to theDocker Hub account (heyle0). This demonstrates containerisation, executing containers and publishing pictures in a single harmonious process.
[bookmark: _Toc214229101]Step-by-Step Process
Saved the index.html with a heading and description in a folder C:Users/mahaf/cloud-docker-demo. Then wrote the following minimal Dockerfile:
Using PowerShall (Docker Desktop), built the image using:FROM nginx:alpine
COPY index.html /usr/share/nginx/html/index.html
EXPOSE 80

After the build was over, it initiated a container:docker build -t heyle0/cloud-demo:1.0 .

The -p 8080:80 mapped the port 80 on Windows to port 8080. Going to the URL http://localhost:8080 in a browser with the custom page fully loaded in the browser proved that Nginx in the container was using index.html.docker run -d --name cloud-demo-web -p 8080:80 heyle0/cloud-demo:1.0

Then, it was able to log in to the Docker Hub using docker login to push the image with:
In the Docker Hub website, his repository was heyle0/cloud-demo and was marked with the tag 1.0. One can now run docker pull heyle0/cloud-demo:1.0 and then start the same web server in any compatible host, and this reflects that it is not just limited to the laptop.docker push heyle0/cloud-demo:1.0

[bookmark: _Toc214229102]Part B
[bookmark: _Toc214229103]Cloud application and Azure’s approach
[bookmark: _Toc214229104]Application overview: online bookstore
The case study is a small online bookstore, a product that is housed on Microsoft Azure. Customers have the ability to search for books, find them by their titles or authors, get their details, add them to a basket, and make orders. The front side is a web interface, and it could be served in a similar container as the Nginx one in Part A. The second layer is an API layer, and it holds prices, stock and order business logic. The managed database is called the back end and contains books, customer accounts and order history.
[bookmark: _Toc214229105]Azure bookstore load balancing
The bookstore has a large number of users that it has to work with and keep online in case one instance fails. This is provided by Azure with load-balancing tools. Azure Load Balancer distributes the traffic on the transport layer. Azure Application Gateway is applied in distributing the HTTP and HTTPS traffic over the application layer. The load balancer is placed in the front, and it is what determines which instance will attend to the new request [20].
A back-end pool is composed of the front-end instances. Customers are connected using a single shared IP address or domain name. The load balancer is a port that listens on port eighty-four and directs requests to pool instances. Azure also executes health probes, e.g. a call to a /health endpoint. When one of the instances does not meet this check, Azure will label it as unhealthy and cease routing traffic to it [21]. This eliminates a single point as a bottleneck and keeps the site online in case of a fault of a node.
[bookmark: _Toc214229106]Azure autoscaling and Azure scalability
Load balancing provides the process for splitting work between the instances, but it does nothing for increasing total capacity [22]. The bookstore must also scale horizontally to manage high demand spikes. Azure helps this through Virtual Machine Scale Set and Azure Kubernetes Service. The web and API tiers in both models operate on an automatically scalable group of instances.
Rules of Autoscaling monitor metrics like average CPU utilisation or the number of HTTP requests. In cases where these metrics exceed some level, Azure scales out and engineering loads them into the back-end pool. In case of low metrics, Azure eliminates instances. The owner of the store will not have to operate servers manually [23]. This makes the bookstore sensitive to changes as more people shop, but saves on cost during the slow time.
[bookmark: _Toc214229107]Application Gateway as the layer seven front door
Azure Application Gateway is also capable of being a smart front door on layer seven. It has the ability to route requests by path on the URL or hostname as well as end the SSL or TLS, and, certificates are stored in a single location [24]. It works together with the Azure Web Application Firewall, which intercepts the requests and filters out typical attacks without being too aggressive. In the case of the bookstore, requests to the home page and/books may be sent to the front end, and requests to/api may be sent to the API tier.
[bookmark: _Toc214229108]Why load balancing and scaling are complementary
The bookstore demonstrates that load balancing and scaling would work on various aspects of the problem. In case the system applies load balancing only, the traffic is distributed among a predetermined number of instances, but the overall capacity remains the same. When there is a big sale, everything will reach a 100% CPU, and it will slow down the pages, and customers could drop their baskets. The application of a load balancer in itself does not eliminate this bottleneck. When the system is based on scaling alone, it has the ability to include additional instances as well, yet the users have to have one point of entry. Lack of a load balancer or a single gateway makes clients acquire knowledge on a lot of addresses, and some can be very busy, with no work [25].
The design is more powerful when applied together with the two of them. Autoscaling will either add or subtract web and API instances based on demand. The load balancer distributes the incoming requests through the pool. New instances are immediately given traffic when health checks are successful. Obsolete cases are emptied and closed. The user is presented with only one URL and is free to keep on shopping even as the capacity varies.
[bookmark: _Toc214229109]Combining load balancing, scaling, and Application Gateway
All three concepts are incorporated in a chain in a complete design of the bookstore in pure azure. Azure Application Gateway plays the role of the public point of entry. It kills TLS, executes the Web Application Firewall and directs every request. An internal load balancer or a pool of web and API instances is located behind it and allocates traffic. Such examples belong to a Virtual Machine Scale Set or an Azure Kubernetes Service cluster whose autoscaling is switched on [26].
When it is on regular loads, the cluster will perform a few instances. When the traffic increases, more instances are created by autoscaling, and the load balancer starts sending traffic to these instances after they pass the health checks. In case one of them fails, health probes eliminate it from the pool without shutting down the service. This architecture provides the bookstore with high availability, responsiveness to the variability in demand, and cost effectiveness due to capacity following the variability of user load.
[bookmark: _Toc214229110]Part C
[bookmark: _Toc214229111]Driving forces behind cloud expansion
[bookmark: _Toc214229112]Cost
One of the leading reasons why organisations would embrace cloud computing is cost. Conventional on-premise IT requires a huge initial investment in servers, storage, licences, and networking equipment. These are then held in a data centre and depreciated even in times of low utilisation. Most costs in a cloud model will be operational expenditure. Providers charge organisations based on the monthly bill for renting compute, storage, and bandwidth. They pay as they go, and hence, they do not pay for the amount of resources they allocate or consume. During a low demand, they are able to downsize and cut down the bill. This eliminates the chances of excessive purchase of hardware beforehand and underutilisation of the hardware.
[bookmark: _Toc214229113]Scalability, flexibility, and agility
The cloud platforms are also flexible and agile. Teams can spin virtual machines, databases or containers up in minutes as opposed to having to wait for new physical hardware. They will be able to test new services without having any long-term contracts. In case the experiment goes wrong, they delete the resources and cease payments [27].
Another high driver is called scalability. Online shops are one of the applications in which there is a high seasonal or daily load. In the cloud, capacity may be added during the busy times and removed after that. This makes performance acceptable without having to own large servers lying idle all year round. There are also Cloud providers operating data centres in numerous regions. Organisations are able to roll applications to users near consumers, and this lowers latency and enhances the experience.
[bookmark: _Toc214229114]Reliability and service management
There are numerous managed services provided by cloud vendors, such as databases, queues, identity, and monitoring. Patching is being done by the provider and the backups, as well as certain security work; thus, in-house teams are able to implement application logic. Regions and availability zones are redundant to facilitate disaster recovery. Local images can be pushed to a registry and deployed across cloud clusters, e.g. the Nginx web server that is built locally, like Part A. Containers are fast at the outset and scale well, hence the economic and agility advantage [28].
[bookmark: _Toc214229115]Serverless functions vs containerisation
[bookmark: _Toc214229116]Serverless functions
An alternative to running code in the cloud is Serverless computing, which is also referred to as Functions as a Service. Small functions are written by developers and can be used to do a single task, e.g. process an HTTP request or manipulate a message. They do not have server management, virtual machine, or container cluster management. The cloud provider executes the functions based on the occurrence, such as web requests, timers or file uploads.
These are RDS, AWS Lambda, and Azure Functions. These services deal with autoscaling. They are able to operate zero instances and bill nothing when the event rates are low. As events intensify, the provider initiates additional instances of functions. Billing is common on an invocation basis and based on an execution time unit. Functions are pure, i.e. the state is immutable [29]. Any persistent information is stored within external services databases and object storage.
[bookmark: _Toc214229117]Comparison with containerisation
Table 1: Comparison Between Serverless Functions and Containerisation (self-made).
	Aspect
	Containerisation
	Serverless Functions (FaaS)

	Control over Environment
	Total control on the OS layer, the bottom image, libraries and configuration. Appropriate to particular contingencies.
	Limited control. Provider is in charge of the runtime, supported languages, and libraries.

	Scalability
	Scaled based on computer process unit, memory or any custom rules by orchestrators (e.g. Kubernetes).
	Auto scaling, one per event or request, without any handset.

	Cost Model
	Ebscohost pays even when idle. Better for steady workloads.
	Cost per call and performance. Bestselling in spikes or low-volume applications.

	Performance
	Always-on containers provide a predictable and reliable response time.
	May experience cold starts when idle, and thus delays.

	Portability
	Proof of High portability across clouds and on-prem systems: Docker/Kubernetes.
	Lower portability. Architectures are closely tied to provider platforms (e.g. Azure Functions, AWS Lambda).

	Use Cases
	Long-running services, API, Web App, and Background Worker.
	Short tasks, event-driven processing, Triggers, Schedules

	Management Effort
	Has to deal with container images, container updates, and the orchestrator.
	Minimal management, Providers handle server scaling and updates.


[bookmark: _Toc214229118]Linking to the driving forces
These two models embraced the key motivators of cloud adoption. They assist in cutting initial expense, in enhancing flexibility and rapid deployment. Services with long lifespans, like web front-end or API, with a constant required capacity, are commonly stored in containers. Serverless concerns itself with event-based jobs such as handling a series of uploads or scheduled activities, which can be perfectly applied to serverless functions [30]. A variety of systems today are integrating both of these models and still enjoy the cost, agility, and scalability of the cloud for organisations today.

[bookmark: _Toc214229119]Conclusion
This report has demonstrated how cloud computing is based on virtualisation through sharing a single piece of hardware among numerous isolated systems. Containers then provide for improved efficiency and portability by being able to package applications together with the dependencies inside them, thus creating lightweight images. It deployed a web server using Docker, which involved using a Dockerfile, published using Docker Hub, and used the images to show the use of volumes and networking using Docker. The case of the online bookstore demonstrated the working of the combination of load balancing, autoscaling and application gateway to provide a reliable service. Lastly, talked about how cost, flexibility, and scalability are the factors that are causing cloud growth and how containers and serverless functions can help achieve those objectives in the new generation of cloud computing.

[bookmark: _Toc214229120]References
[1] [bookmark: Sitaram][bookmark: _Hlk216216235]D. Sitaram and G. Manjunath, “Introduction,” in Elsevier eBooks, 2012, pp. 1–21. doi: 10.1016/b978-1-59749-725-1.00001-9.
[2] [bookmark: Bugnion][bookmark: _GoBack]E. Bugnion, J. Nieh, and D. Tsafrir, Hardware and software support for virtualization. Springer Nature, 2022.
[3] [bookmark: Marco]P. De Marco, Linux Server Mastery: A Comprehensive guide. Pasquale De Marco, 2025.
[4] [bookmark: Stoneman]E. Stoneman, Learn Docker in A Month of Lunches, second edition. Simon and Schuster, 2025.
[5] [bookmark: ebook]“An introduction to virtualization,” in Elsevier eBooks, 2009, pp. 1–43. doi: 10.1016/b978-1-59749-305-5.00001-3.
[6] [bookmark: Imamdheen]Mr.L.Imamdheen, Mr. K. M. A. Khan, B. Srinivasulu, Dr. K. S. K. Niasi, I.Siddik, and T. J. Hussain, Cloud computing: tools, technologies and applications. Leilani Katie Publication, 2024. 
[7] [bookmark: Alkhatib]A. Alkhatib, A. Shaheen, and R. N. Albustanji, “A comparative analysis of cloud computing services: AWS, Azure, and GCP,” International Journal of Computing and Digital Systems, vol. 18, no. 1, pp. 1–15, Apr. 2025, doi: 10.12785/ijcds/1571111846.
[8] [bookmark: Ivanov]K. Ivanov, Containerization with LXC. Packt Publishing Ltd, 2017.
[9] [bookmark: Schenker]G. N. Schenker, Learn Docker – Fundamentals of Docker 19.X: Build, test, ship, and run containers with Docker and Kubernetes, 2nd Edition. Packt Publishing Ltd, 2020.
[10] [bookmark: Bhuyan]A. P. Bhuyan, Docker Deep Dive: Learn, Build, and Scale with Containers. Aditya Pratap Bhuyan, 2024.
[11] P. Jones, Optimized Docker: Strategies for Effective management and performance. Walzone Press, 2025.
[12] [bookmark: Vedmich]V. Vedmich and A. Dovnar, Cracking the Kubernetes interview: Discover expert tips and best practices to ace your Kubernetes technical interviews. Packt Publishing Ltd, 2025.
[13] [bookmark: Vitale]T. Vitale, Cloud Native Spring in action: With Spring Boot and Kubernetes. Simon and Schuster, 2023.
[14] [bookmark: Sloane]R. Sloane, Containerization with Docker and Kubernetes in the Cloud: Deploying and Managing Containerized Applications in the Cloud Using Docker and Kubernetes. Independently Published, 2025.
[15] [bookmark: Jones][bookmark: JonesP]P. Jones, Mastering docker Containers: From development to deployment. Walzone Press, 2025.
[16] [bookmark: Souppaya]M. Souppaya, J. Morello, and K. Scarfone, “Application container security guide,” Sep. 2017. doi: 10.6028/nist.sp.800-190.
[17] [bookmark: Barolli]L. Barolli, Advanced information networking and applications: Proceedings of the 37th International Conference on Advanced Information Networking and Applications (AINA-2023), Volume 3. Springer Nature, 2023.
[18] [bookmark: Langemak]J. Langemak, Docker Networking Cookbook. Packt Publishing Ltd, 2016.
[19] [bookmark: Haddadou]K. Haddadou and G. Pujolle, Cloud and edge networking. John Wiley & Sons, 2023.
[20] [bookmark: JonesA]A. Jones, Advanced Microsoft Azure: Crucial Strategies and Techniques. Walzone Press, 2025.
[21] [bookmark: DeJonghe]D. DeJonghe and A. Nugara, Application delivery and load balancing in Microsoft Azure. O’Reilly Media, 2020.
[22] [bookmark: Shafiq]D. A. Shafiq, N. Z. Jhanjhi, and A. Abdullah, “Load balancing techniques in cloud computing environment: A review,” Journal of King Saud University - Computer and Information Sciences, vol. 34, no. 7, pp. 3910–3933, Mar. 2021, doi: 10.1016/j.jksuci.2021.02.007.
[23] [bookmark: Cano]E. Cano, Mastering Azure: A Comprehensive Guide to Microsoft Azure. Edwin Cano, 2024.
[24] [bookmark: Mrzygłód]K. Mrzygłód, Azure for developers: Implement rich Azure PaaS ecosystems using containers, serverless services, and storage solutions. Packt Publishing Ltd, 2022.
[25] [bookmark: Fardbastani]M. A. Fardbastani and M. Sharifi, “Scalable complex event processing using adaptive load balancing,” Journal of Systems and Software, vol. 149, pp. 305–317, Dec. 2018, doi: 10.1016/j.jss.2018.12.012.
[26] [bookmark: Lauret]A. Lauret, The Design of Web APIs, second edition. Simon and Schuster, 2025.
[27] [bookmark: Chuttur]M. Y. Chuttur and J. Mungur, Cloud Computing Fundamentals. Le Printemps Ltee, 2021.
[28] [bookmark: Jones28]A. Jones, NGinx Deep Dive: In-Depth Strategies and Techniques for Mastery. Walzone Press, 2024.
[29] [bookmark: Santana]D. Santana and A. Malik, Cloud computing demystified for aspiring professionals: Hone your skills in AWS, Azure, and Google cloud computing and boost your career as a cloud engineer. Packt Publishing Ltd, 2023.
[30] [bookmark: Liberty]J. Liberty and J. Dluzen, Programming APIs with C# and .NET: Develop high-performance APIs that ensure seamless application communication and enhanced security. Packt Publishing Ltd, 2024.

[bookmark: _Toc214229121]Appendix
[image: ]
[image: ]
[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

[image: ]

34

image2.png
Microsoft | Store  Home  Apps  Games  Asout

Docker Desktop

39% 7ratings Developer tools B vtz

The 1 containe zacion software for developers and teams

DS

We've dowioaded an executatle o hep you nstallDocker Desktop. Open tis i in your-
downloads tobogin nstalation

Docker Desktop

Downloading... 70%)
oV o 38838 cowrionsed

Q_ search apps, games, and more

Screenshots

2] B Qs M u0®0oFO

Discover more >

s

@

Dockerun

Container Desktop

Octotverywhere Pl S

Manager

[ pr——




image3.png
o]

WSL needs updating

wsl --update

Window for Linux 2.6.1

> Terminal

Q s M WO EO0 .}




image4.png
- - 0 X

ok Manager
= Perormance £ fumnen e
P processes
o CPU Intel(R) Core(TM) i5-8265U CPU @ 160GHz
— e .
Mer
' ol st o
© e Disk0 (D:ERF)
v toomun
= oeis Disk1(C)
550.640)
@ services. o
Ethemnet
oty
SoRoRes
U0
e KO Gt
yx
U1
i—y
ey
[ — et UG
M1%  328GHz '
Py i
Pocses Twests Hands o proceor: 8
336 5452 159169 veumnor e
e e oy
ade 1w
@ i 0:00:24:38 age sows

& B Qs Mmupuoe®ococam L




image5.png
[ ——
18 Gemert

S Working Actos il ysams

@ Ui

@ G Accleraon

1 Networking negraton

= Disvo Maragement

& Docke Destop Itegaton

X0 VS Code Integration

@ Settings

are B Qoo

000% Disk -~ GB used (it -

‘Starting the Docker Engine.

Engineis the underlying technology that runs containers

Welcome to WSL

The Windows Subsystem for Linux (WSL) lets you run oo, utities,appicatons i
Take 3 moment o preview some of the community'sfavorite features o view our comprehensive documentatior

Windows Subsystem for Linux (WSU) Documentation
Best Practices for Setup

Geting Started with Linux

M WOEO0FC @

>_ Terminal

© st avalae





image6.png
B Windows Powershell

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows
PS C:\Users\mahaf> cd
PS C:\Users\mahaf> mkdir cloud-docker-demo

Directory: C:\Users\mahaf

Mode LastlriteTime Length Name

d 11/15/2025 cloud-docker-demo

PS C:\Users\mahaf> cd cloud-docker-demo
PS C:\Users\mahaf\cloud-docker-demo> |

> Terminal  © Update available





image7.png
%4 AskGordon
Images
Containers
Local My Hub

Images
& Volumes 57.21 MB/ 0 Bytes inuse 1images Last refresh: 35 minutes ago
© Kubernetes
£ Builds Q
@ Models Name Tag Image ID Created Size Actions
5 MCP Toolkit ®  HeyLeo/cloud-demo Ceo .. ©

o

Windows Powershell

Docker Hub
=> transferring context: 3598

Docker Scout [1/2] FROM docker.io/Llibrary/nginx:alpine@sha256:b3c656d55d7ad751196f21b7fd2e8dUdadcbu30e32f6UbadcfI2uu1b72£82b1u
=> resolve docker.io/Library/nginx:alpine@sha256:b3c656d55d7ad751196F21b7+d2e8dUdadcbu30e326U6adcFI2UU1b72F82b1U
- sha256: ££8a36d5502a57c3f cBeeffUi8e578ab33a03b1dd528992baBd966dd 8533092 1.4BkB / 1.40kB
& sha256: bdabb@d42710d667FLFd871b5Fd215cc2al30a95b192bc508bFIUSbB60999b 16.97MB / 16.97MB
sha256: d9a55dab5954588333096b28b351999099beaseb3c68c10e99£175b12c97198d 1.21kB / 1.21kB
sha256: d413d6ebdc83Ubccf63178455dU06cd25e2c2d38d2c1abT9ee5Ugub18e562U UO3B / UO3B
sha256: 3eababed]10a37Ud9ed629c26d76a5258e20dd faB9cef511c98aab20dcF3faell 9558 / 9558
sha256: 8f6a6833e95dU3ac52UF19c5eTc]316¢]1 F3bBeTaeSba3dbeSuboc5bo10esda 1.84MB / 1.84MB
sha256: 19Ufa2ue]U7dF0910e146240d3bUbd25d0U180c523dc 71 7el6U5b269991483e3 6288 / 6288
sha256: 2d35ebdb57d9971 feabeac] 582aa78935ad8058b2cc32db163c98822e5dfalb 3.80MB / 3.80MB
extracting sha256:2d35ebdb57d9971 feabcacl582aa78935ad8058b2cc32db163c98822e5d alb
extracting sha256:8f6a6833e95d43ac52UF1f9c5e7c1316c13b8eTae5ba3dbtie5ubdc5b910e80a
extracting sha256:19Ufa24el!7df0010e146240d3bUbd25d04180c523dc 71 7eli6U5b269991483e3
extracting sha256:3eaba6cd10a37Ud9ed629c26d76a5258e20dd a09F cef511c98aa620dcF3Faetl
extracting sha256:df413d6ebdc83ubcc63178US5dU06cUd25e2c2d38d2c1abT9ee5UgUb18e562U
extracting sha256:d9a55dab595U588333096b28b351999899bea5eb3c68c10e99175b12c97198d
extracting sha256:£f8a36d5502a57c3fcBeef fUBe578ab33a03b1dd528992badd966ddF853309a
=> extracting sha256:bdabb0d42718d667¢L1d871b5Fd215cc2al30a95b192bc508bFILSbB60999b
[2/2] COPY index.html /usr/share/nginx/html/index.html
exporting to image
=> exporting layers
=> exporting manifest sha256:al6f7alaf62a69ba52d5U231c577868588dbIUSCEF22c573F290] FaBe52799F1
exporting config sha256:55026e2a8328076d5c0af03eL£072d05auboFRe]l89b22cBUSCU550399801aae
exporting attestation manifest sha256:536fc1bU7be6052656eb921513373017c9dobedb]0efd62e5a18dU323dcFellb
exporting manifest list sha256:7fafca7eeli86ebcof65U317455Uacedbl 724131745 2be38aBlcbSd69306U7
naming to HeylLe®/cloud-demo:1.0
unpacking to Heyle®/cloud-demo:1.8
PS C:\Users\mahaf\cloud-docker-demo> docker run cloud-demo 8080:80 HeylLed/cloud-demo:1.0
dd88d50ceeeS6U2f0el866809c0c117b1d169bag]17c87638d1765afdu93dbal9
PS C:\Users\mahaf\cloud-docker-demo>

Showing 1 item

P PP PP POOOOPOOOOOONOHRRRE 100 B

Engine running RAM 0.82GB CPU0.00% Disk: 1.32 GB used (imi

o





image8.png
% AskGordon
y Containers

Containers
imeges

5 Volumes
© Kubemetes

auilds

Your running containers show up here
Me Toalkt

Dacker Hub

Dacker Scout

uindons Powershell
e Copyright (C) Microsoft Corporation. ALL rights reserved

all the latest Ponershell for new features and improvements! https://aka.ns/PSWine

Users\mahaf> ct
Users\mahaf> mhdir

s\mahaf
LastiriteTine h Name

(] 11/15/2025  6:08 AN ETE—
S| e mahaf> cd cloud-docker-deno
B r=\nahaf\cloud-docker—denc>
¥ S rs\nshaf\cloud-docker—denc> docker build —t HeyLed/cloud-demo:1.0 |
& cmentyol

them oper
B voucnel

S ool e recommended womaoe ooks. | 1 .

‘extension fom Microsot orthe Docker anguage?





image9.png
s

Ask Gordon

Images
Containers
Local My Hub

Images
& Volumes 0Bytes /0 Bytes inuse 1images Last refresh: 29 minutes ago
© Kubernetes
& Builds Q
@ Models Name Tag Image ID Created Size Actions
ZERMCEToolkiE HeyLe0/cloud-demo 1.0 7Tiafoca7eeds 2secondsago  79.84MB 33 w

o

@ Docker Hub Windows Powershell X o+ v

T transferring context: 3598
[1/2] FROM docker.io/Llibrary/nginx:alpine@sha256:b3c656d55d7ad751196f21b7fd2e8dUdadcbu30e32f6UbadcfI2uu1b72£82b1u
resolve docker.io/library/nginx:alpine@sha256:b3c656d55d7ad751196¢21b7¢d2e8dldadchU30e32f616adcFo2UNU1bT2FE2b10
¢ Extensions sha256: ££8a36d5502a57c3f cBeeffUi8e578ab33a03b1dd528992baBd966dd 8533092 1.4BkB / 1.40kB
bdabb0dULi2710d6674fd871b5Fd215cc2ali30a95b192bc508bFIUSbBe60999b 16.97HB / 16.97MB
:d9a55dab5954588333096b28b351999099beaseb3c68c10e99£175b12c97198d 1.21kB / 1.21kB
dfUi13d6ebdcB3Ubecf63178U55dU06cid25e2c2d38d2c1ab79ee5UoUb18e5624 4O3B / O3B
3eababcd10a374d9ed629c26d76a5258e20ddFa09F cef511c98aa620dcF3Fael 9558 / 9558
:86a6833e95dU3ac52UF19c5eTc1316c]1 F3bBeTaeSba3dbleSUboc5bo10e0a 1.84MB / 1.84MB
19U£a2lle]147d0010e146248d3bUbd25d0U180c523dc717el6USb269991483e3 6288 / 6288
:2d35ebdb57d9971 feabeac] 582aa78935ad#8058b2cc32db163c98822e5dfalb 3.80MB / 3.80MB
extracting sha256:2d35ebdb57d9971 feabcacl582aa78935ad8058b2cc32db163c98822e5d alb
extracting F6a6833e95dU3ac52Uf1F9c5e7c1316c1F3b8eTaeSba3dbuesUbcSbol0e80a
extracting 9lifa2lie1t7dF0010e146240d3bUbd25d0U180c523dcT1 Tel6U5h269991483e3
extracting eaba6cd10a37td9ed629c26d76a5258e20dd a9 cef511c98aa620dcF3aetl
extracting }113d6ebdcB3Ubecf63178U55dU06C id25e2c2d38d2c1abT9ee5U9Ub18e5624
extracting
extracting -£8a36d5502a57c3fcBeef fiBe578abli33a03b1dd528992ba0d966dd 853309
extracting dabb@dLU2710d667F4d871b5Fd215cc2ali30a95b192bc508bFIU5bBe60999b
[2/2] COPY index.html /usr/share/nginx/html/index.html
exporting to image
exporting layers
exporting manifest sha256:al6f7alaf62a69ba52d5U231c577868588dbIUSCEF22c573F2901FaBe52799F1
exporting config sha256:55026e2a8328076d5c0af03eL£072d05auboFRe]l89b22cBUSCU550399801aae
exporting attestation manifest sha256:536fc1bU7be6052656eb921513373017c9dobedb]0efd62e5a18dU323dcFellb
exporting manifest list sha256:7fafca7eeli86ebcof65U317455Uacedbl 724131745 2be38aBlcbSd69306U7
naming to HeylLe®/cloud-demo:1.0
unpacking to Heyle®/cloud-demq;1.0
PS C:\Users\mahaf\claud-dacker-dema>qr

Showing 1 item

P PP PP POOOOPOOOOOONOHRRRE 100 B

Engine running RAM0.95GB CPU0.13% Disk: 1.32 GB used (imi

o





image10.png
()

% AskGordon se

[LA
contaiers
Loca gt
mages Lo
& voumes v e i st domines a0
v @ Repositores | hey x
© Kubemetes ® Repc 1 heyied + o
5 s a € 5 0 (% mdedmemmostoreshesd * 0 @ :
@ Models 0 Home @rhub  Ewore My Q_ search Docker Hub
 MCPToalkt sers O rHepteodousdemo @
T o heyencioutdemo - . @
B - Repositories
Docker Scout e e
Al eposons it the oD namespce,
£ Extensions. (& [0
PRpR—
®  Seuings - Name. Last Pushed 1 Contains Visibility Seout.
oetut prvacy
ottcaons [T— [T - Pusc
o g o
® usge .
s
soage toztems
Walkthro

RAM 08368 CPUO0DK Disk 13268 usea (i 1006 8

Q sexch M uO@POoOFCA NEm

05 upeste avianie

e





image11.png
Ask Gordon

3

Containers
Images
Volumes

Kubernetes

£ Builds

@ Models

»  MCP Toolkit

@ Docker Hub

Docker Scout

£ Extensions

Engine running

20c

Images

Local My Hub

57.21MB/ 0 Bytes inuse 1images Last refresn: 35 minutes ago

Q

Name Tag Image ID Created size Actions

®  HeyLe0/cloud-demo

Windows Powershell

sha256: £8a36d5502a57c3f cBeeffU8e578abl33a03b1dd528992badd966dd 8533092 1.UBKB / 1.40kB
sha256: bdabb@d42710d667FLFd871b5Fd215cc2al30a95b192bc508bFIUSbB60999b 16.97MB / 16.97MB
sha256: d9a55dab5954588333096b28b351999099beaseb3c68c10e99£175b12c97198d 1.21kB / 1.21kB
sha256: d413d6ebdc83Ubccf63178455dU06cd25e2c2d38d2c1abT9ee5Ugub18e562U UO3B / UO3B
sha256: 3eababed]10a37Ud9ed629c26d76a5258e20dd faB9cef511c98aab20dcF3faell 9558 / 9558
sha256: 8f6a6833e95dU3ac52UF19c5eTc]316¢]1 F3bBeTaeSba3dbeSuboc5bo10esda 1.84MB / 1.84MB
sha256: 19Ufa2ue]U7dF0910e146240d3bUbd25d0U180c523dc 71 7el6U5b269991483e3 6288 / 6288
sha256: 2d35ebdb57d9971 feabeac] 582aa78935ad8058b2cc32db163c98822e5dfalb 3.80MB / 3.80MB
extracting sha256:2d35ebdb57d9971 feabcacl582aa78935ad8058b2cc32db163c98822e5d alb
extracting sha256:8f6a6833e95d43ac52UF1f9c5e7c1316c13b8eTae5ba3dbtie5ubdc5b910e80a
extracting sha256:19Ufa24el!7df0010e146240d3bUbd25d04180c523dc 71 7eli6U5b269991483e3
extracting sha256:3eaba6cd10a37Ud9ed629c26d76a5258e20dd a09F cef511c98aa620dcF3Faetl
extracting sha256:df413d6ebdc83ubcc63178US5dU06cUd25e2c2d38d2c1abT9ee5UgUb18e562U
extracting sha256:d9a55dab595U588333096b28b351999899bea5eb3c68c10e99175b12c97198d
extracting sha256:£f8a36d5502a57c3fcBeef fUBe578ab33a03b1dd528992badd966ddF853309a
=> extracting sha256:bdabb0d42718d667¢L1d871b5Fd215cc2al30a95b192bc508bFILSbB60999b
[2/2] COPY index.html /usr/share/nginx/html/index.html
exporting to image
=> exporting layers
exporting manifest sha256:al6f7alaf62a69ba52d5U231c577868588dbIUSCEF22c573F2901FaBe52799F1
exporting config sha256:55026e2a8328076d5c0af03eL£072d05auboFRe]l89b22cBUSCU550399801aae
exporting attestation manifest sha256:536fc1bU7be6052656eb921513373017c9dobedb]0efd62e5a18dU323dcFellb
exporting manifest list sha256:7fafca7eeli86ebcof65U317455Uacedbl 724131745 2be38aBlcbSd69306U7
naming to HeylLe®/cloud-demo:1.0
= unpacking to Heyle®/cloud-demo:1.8
PS C:\Users\mahaf\cloud-docker-demo> docker run cloud-demo 8080:80 HeylLed/cloud-demo:1.0
dd88dS0ceeeS6U2f0el866809c0c117b1d169bag]17c87638d1765afdu93dbald
PS C:\Users\mahaf\cloud-docker-demo> docker ps
CONTAINER ID  IMAGE COMMAND CREATED STATUS PORTS
NAMES
dd88dS0ceee5  HeylLed/cloud-demo:1.0  "/docker-entrypoint About a minute ago  Up About a minute ©.0.0.0:8080->80/tcp
8080->80/tcp  cloud-demo

B PS C:\Users\mahaf\cloud-docker-demo>
RAM 0.82G8 CPU0.00% Disk: 1.32 GB used (imi

Showing 1 item





image12.png
sk Gordon
Containers
images
Volumes
Kubernetes

Builds

Models

NP Taalkit

Docker Hub

Docker Scout

Extensions

Images

Local  Myhub,

MB /0 Bytes i use 2images

Name.
®  HeyLeo/cloud-gemo
©  heyieo/cloud-demo

® nonx

Walkthrol

- x 4

Welcome to nginx!

1f you see this page, the nginx web server is successfully nstalled and
working. Further configuration i required.

For online documentation and support please refer to
Commercial support is avallable at

17 minutes ago  79.6H3
r push docker. io/heyled/cloud-demo:1.0
raposttary [dockar do/heyiab/cloud-demo]
R
dBcfese: Pushed
abaGcd10a3: Pushed
2d35ebdbS7d9: Pushed
bdabbedus271: Pushed
100fa2uie147d: Pushed
aSsdabSosi: Pushed
hed
dfu13deebdcs: ushed
5d: Pushed
shazss:7a

af9caTeclB6ebcF65U31TUSSUaceb1T2U1 3F17F5 2be3aBlicSA6I306UT size: 856
(mahaf\cloud-

volume create webda

mahaf\cloud-dock ker volune 1

DRIVER  VOLUME NAME

PS C:\Users\nahaf\cloud-docker—demo> docker run
Unable to Find inage 'nginx:alpine’ locally
slpine: Pulling from Library/ngir
256: b3c656d5547ad751196£21b7 d2e8dUda0cbU 306 32F6U6adcFI2UNIbT2FELIL
ded newer dnage for nginx:alpi
64211eU752cB67b6Leo03bIeabudL dob2 a89a53a3b3d
Users\nahaf\cloud-docker-deno> r ol-neb

vol-web 1:80 ~v webdata: /usr/share/nginx/htal nginx:alpine

5081:80

webdata: /usr/share/nginx/htal nginx:alpine
ntainer name */vol-neb

already in use by cont ‘6d211e4752c867b6F e

You have to remove (or rename) that container to be able to reu

p index.htal vol-web: /usr/share/nginx/htl/index. htnl
pied 2.05KkE to vol-neb: /usr/share/nginx/htal/index. htal

maha\cloud-dock





image13.png
% AskGordon ser

Containers

ges
& Volmes

© Kusemetes

2 suids
@ Models
R MCPToolkit sera

@ pocker Hub

® Docker scout

o Extensions

v @ heyled/doud-demo | Docker b X @ My Cloud Docker Demo. x4
Images cos s @

€ > O oo D e
loca vyt

572118, 0 btes muse 27085 Hello from my Docker container on Windows!

a This HTML page is being served by Ngin inside a Docker confainer.

Name.
®  HeyLeoscloud-demo
®  heylen/clouddemo

® ngine

Walkthro|

KD upsate avaiaoie





image14.png
5 AskGordon
Images

Containers
Local My Hub

images
Hello from my Docker container on Windows!

57218 0Bytes nuse 2173005

) Volumes
O Kubemetes
. ‘This HTML page s being served by Nginx inside a Docker container

Bulds Q

Models Name
* MCP Toalkit o eyt

ERTr—

®  Docker Ht ®  heyled/clouddemo

pocker Hub, 6833¢95d: Pushe

CimEEn P digest: sha2Se:7fafocaTectbebcara5UT1TUEEUACeIb1T2U1 IFL7F5F 2be3BaBlcbEA6I06UT size

C:\Users\nahaf\cLoud-dockes cher volune create webdata
Extensions er volune 1s

oud-docker-dent are/nginx/htal nginx:alpine
to find image 'nginx:alpine’ locally
Pulling fron Library/nginx
ha256:b3c656d55A7ad 511962107 d2e8dUdadcbu3:
Downloaded newer image for nginx:alpine
528676 475573d23d0b2F aB9a53a3!

— s081:80
Error respons The container nane */vol-neb" is already in us
ve to remove (or rename) t

webdata: /usr/share/nginx/htal nginx:alpine
container "6d21let s
be able to rel

Run *docker run —help for more infor:
PS C:\Users\nahaf\cLoud-doc) htal vol-web: /usr/share/nginx/htal /index.htal
fully copied 2.85k to vol-web: / s
Users \nahaf\cloud-docker-deno> d

e/nginx/htal/index. htnl
cker xm ¢ vol-web
Walkthrol \Users\mahaf\cloud-docl cler run vol-ueb2 mebdata: /usr/share/nginx/htal ng
9760 f e f306a622e5a1 Bdl
cloud~docker-d
labcbd62F£251b7ca350alask

C:\Users\nahaf\cLoud-doc}
TWORK ID  NAME DRIVER
d3etiiab appnet  bridge
cleblcc693  bridge  bridge
hos 3
none null
cloud-docke





image15.png
Microsoft | Store  Home  apps  Games  about Q. search apps games. and more

Docker Desktop

Docker,Inc
| voon s

39%  Tratings  Developer tools

The 81 container zation software for developers and teams

donnioaded an executatie 1 help you installDocker Desktop. Open tis e inyour.
downloads to begin nstaltion

Docker Desktop

Downloading.. 70%)
ey e —

Screenshots

B wipoinssl R

Discover more >

Dockerun

EE Container Desktop

octotverywhere Pl iR

Manager e





image16.png
™ ok Manager
[— BB e sk
P proceses
oy CPU Intel(R) Core(TM)is-8265U CPU @ 1.60GHz
e D € -
- e
@ Disk0 D:ERF)
& oo
Danis Disk1(C)
SO0,
Q@ services. o
theret
oy
oonm
U0
peirrmy—
Ey
Ut
k-
e
[ —— et 1906
4% 328GHz !
Proceses Tesss Hordes Loy
336 5452 159169 v e
e Vooe | zew
ade 10w
0002438 .
@ senings soms
& 2 Qe Mupuoe®ocrcocam mE




image17.png
YYour running containers show up here

A container is an isolated environment for your code

B Windows Powershell

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\mahaf>
PS C:\Users\mahaf> mkdir cloud-docker-demo

Directory: C:\Users\mahaf
%) File Edit Selection View Go Run Q Search (=39 rooo - o X
B o= - © indexhtml X ® 0
 NO FOLDER OPENED € > Users > mahat > cloud-docker-demo > © indexhtmi > .
Q 1 <ldoctype himl>
You have not et opened a folder. D hons #
v T
pod Openlieloy 4 <meta charset-"utf-g">
SR s <titleshy Cloud Docker Democ/title>
S 6 </head>
&> currently open editors. To keep | nead eetont femtly: andal .
them open, add 3 folder instead. ody style="font-fanily: Arial, sans-seri -
8 <hi>Hello From my Docker container on Windows!</h1>
B9  You cen opens fider containing 9 <p>This HTHL page is being served by Nginx inside a Docker container.</p>
a NET project or solution, or 1 </body>
... createanew NET project 11 </htnl>
2 |

Create NET Project

7068 CPU000% Disk| (@ © Update available

0

MmO P®OoFECana





image18.png
YYour running containers show up here

A container is an isolated environment for your code

B Windows Powershell

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\mahaf> cd
PS C:\Users\mahaf> mkdir cloud-docker-demo

Directory: C:\Users\mahaf

%) File Edit Selecion View Go Run - < Q Search [=39 roeEom - [} X
@ EXPLORER < indexhtml # Dockerfile.dockerfile X ® 0

/ NO FOLDER OPENED C:> Users > mahaf > cloud-docker-demo > & Dockerfle dockerfile
Q 1 # Use a small, efficient Nginx base image

You have not yet opened a folder.

o T

‘Opening a folder il close all
&> currently open editors. To keep
them open, add a folder instead.

FROM nginx:alpine

# Copy our custom HTHL into Nginx's web root
COPY index.html /usr/share/nginx/html/index. html

# Expose HITP port inside the container

EXPOSE 30

B9  You cen opens fider containing
a NET projector solution, or

create a new NET project

Create

ET Project

® Do you want to install the recommended ‘Container Tools & X
8 cPu00ox pisk| @

extension from Microsoft for the Docker language? @ Update available

@ MO0 P®PO0oFCA™ mx





image19.png
sk Gordon

Containers
Containers
Volumes
© Kubernetes
o uilds
® Models
Your running containers show up here
MeP Toalkit
Docker Hub
PR —
Docker Scout
Windoms Powershell
ensions Copyright (C) Microsoft Corporation. ALL rights reserved
Install the latest Pomershell for new features and improvements! ht Pswindo
PS C:\Users\uahat>
s ahaf> mkdir cloud-
Directory: C:\Users\mahat
tiriteTine Length Name
O o= -
(] cloud~docker-deno
T s Co\users:
(e
build ¢ HeyLeo/cloud-deno:1.0 |
5 eyl
trem e
& n
A e T R

‘entension fom Microsot orthe ocker lingusge?





image20.png
Ask Gordon

Images
Contalners

Local My b
Images

Volumes. 5721 V8 /0 ytes muse 1 mages st refresn:35 minstes a00

© Kusemetes

& sulds Q

® Models Name Tag Image 1D Created  size Actions

MC Toolkit ®  HeyLeo/cloud-demo

-

3 Windows Powershell x |+
D Docker Hub

> => 5ha266:2d35ebdbS7d997] Feadcacl 582aa78935a0F8058b2CCI2b163c98B22e5dFalb 3.80MB / 3.80HB
> = extracting sha256:2d35ebdbS7d997] feabcacl582aaT8935adf8058b2cc32db163cB822e5dF alb
> => extracting sha256:Bf6a6833e95dU3ac52Uf1Oc5eTc1316c1F3bBeTaeSba3dblieSubC5bo10ea0
> => extracting sha56:19Ufa2del47df0p10e146200d3bUbd25d0180c523dcT1 7el55b 2699914833
> = extracting sha2s6: 3eababcd19a37Ud9ed629c26d76a5258¢20dd 09 FceF511c98aac20dcF3Fac
> > extracting sha256:dfU13d6ebdca3bccf63178U55dUB6CUd25e2c2d38d2c1abTIeeUIb 18562
> = extracting sha256:d9a55dab595U588333096b28b351999999beabebIc6BC10e99F175b12cIT198d

Docker Scout

Extensions

extracting sha256: Ff8a36d5562a57c3FcBeef fUBe578abU33a03b1dd528992ba0d966dd FB53369a

=> extracting sha256: bdabbedu2710d667F UfdBT1b5d215cc2aU30a95b192bc 508 IUSEEEO99%
[2/2] COPY index.htnl. /usr/share/nginx/html/index. htal
exporting to inage

rting layers
exporting manifest sha256:al6f7alaf62a69ba52d5U231C5TT6E58BAbOSCEF22c5T32901 28527991
exporting config sha2s6:55026e2aB3280F76d5C0a B3¢ FET2d05aUbOFOC19b22cBUSCUS50399801ane
exporting attestation manifest sha2s6:536fclbil7be6052656eb921513F373017cod9bedbl0efd62e5a18du323dc Fellb
manifest List sha2S6:7faf9caTeeiB6ebeof65U317US5Uace9bl 2U1317F5F2be38aBUCb5IE306UT
HeyLeo/cLoud-demo:1.0
to HeylLed/cloud-deno:1.6
mahaf\cloud-docker-deno> doc) cloud Loud-deno:1.6
6309c0c117b1d169b:
s mahaf\cloud-docker—deno> d
CONTAINER 1D IMAGE commn CREATED STATUS PORTS
NAMES
cloud-demo:1.0  */docker-entrypoint.."  About a minute ago Up About a minute  0.0.9.0:808
loud-deno
Toud-docker—deno> d Togin
[Usernane: heyleo]

Showing 1 em

run 'docher logout followe ocker login'

Login Succeeded
PS C:\Users\nahaf\cloud-docker-deno>

2000





image21.png
Ask Gordon
Images
Containers
Local My Hub
Images
& Volmes 5721 VB /0Bytes muse 1 manes

46 minutes 100
©  Kubemetes

Builds Q
® wodels Name Tag Image 10 Created  size Actions
MCP Toolkit ®  teyLeo/couddemo w
B Windows rowershel x
@ B ®  neyleojcloutdemo

USING WEB-BASED LOGIN
Docker Scout

B Info » To sign in with credentials on the comnand line, use
Extensions

Your one-tine device confirmation code is: TCSC-DFZN
Press ENTER to open your

Vaiting for authentication in

oud-d eno> docker inage:
™G CREATED s1ze
18 fafoca 16 minutes ago  79.8M8
C:\Users\mahaf\cloud-docker ker tag TfafSca7eets docke:
c mahaf\
REPOSITORY
HeyLed/cLoud-deno
Leo/cloud-deno TFafea 17 minute:

1o/heyled/cloud-deno:1.6

CREATED size
79,618
ago
ers\mahaf\cloud-docker-deno> docker push docker. io/he
refers to repository [docker. io/heyled/cloud-deno]
ce3e2cha: Pushed
Walkthroughs Lsms

ud-deno:1.6

bdabbodu427L: Pushed
194fa2uelu7d: Pushed
49a55dab5954: Py

[ Jad Q WMuu®®O0





image22.png
% | © hojedcossdemolDucer X |+ -

% AskGordon sew images i

© contaners € 5 O % hubdodercomepostonydockarhesied/dout-demojoeners « 0 e
Lol My

@ images
Explore My Hub Q_ search Docker Hub
Volumes. 57218 0Bytes muse 1 mages ==,

Kubernetes
Q = Repositoies / clouddemo / General Using 0.0f 1 private repositores.

o .
- l . a... heyled/cloud-demo bocker commands
Models. fame:

e
o
& suids
®
»

MCP Toolkit sers O ® Heyteocioutdemo D LoD repository:
@ Docker Hub [a] reyleo/cloud-demo @ Collaborations Addacaregory f @ ane
& bockerseou O = o
o o I Gl Togs magoManagemen s Collsborators Webnooks Stings’
Naitesions
o Tags .
3 9 e @ buildcloud
b Usage ~
“This repostiory contains 1 tags). Buld with
s
Tag os Type. Pulled Pushed Docker Build Cloud
Storage Accelerate image build times with access 10 cloud
a0 moge Cesstantony 2mines
s uds o ptmaly
b
Repository overview © wrie e e o soppo o e
Walkthrol data transfer - all without managing infrastructur
6o 1o Docker Build Cloud >
View more i ~

Q seu M u0®0F0Oaa Y E™ et




image23.png
sk Gordon
Containers
images

5 Volumes

© Kubemetes

Builds

Models

MCP Toalkit

Docker Hub

Docker scout

> Extensions

Images

x ©

® localhosts0

Local My b

1 M/ O Bpes muse 2

Hello from my Docker container on Windows!

“This HTML page is being served by Nginx inside a Docker conlainer

Name

HeyLeo/clouddemo
PR r—

heyle0/cloud-cemo
” 8F6a6833¢95d: Pushed
e q 6:7FafOcaTecl8bebcaf 54T U5 UaCeIbIT2UIIFLTHS!
s ahaf\cloud-docker-demo> docker volune c mebdata
scker volune
Unable to find inage 'nginx .wpmu 1
Pulling from Lib
. cha2s6 b3c686dsSdTad TS 119642167542
Status: Dounloaded newer inage for nginx:alpin
p3beablidlcSec
help! for more information
Loud-doc) Ler cp index.htnl vol-web: /usr/shar
pied 2.05KkB to w\ web /us htal/index. htal
iaP\cLoud-doc! ker mm b
Walkthro! mahaf\cloud-docker-deno> vol-web2 -p 881
0Flle£306a622¢5a1F840Fa96dU3d0
er-deno>
NAME
appnet g
Muemuan; bridge  bridge
g6do3acsocd  host host.
dsimoooishe2 none  mill
mahaf\cloud-docker-deno>

re/ngine/htal nginx:alpine

bdata: /usr/share/nginx/htal. nginx:alpine
ready in use by container "64211el752:
that container to be able to

nginx/html/index. htnl

use that nane

nginx/htal nginx:alpine

67b6fle





image24.png
oo . @ S A
Images
Contaners ¢ C O localhostsos * 0@
Local Myt
5 images
& volumes 57218 0yies muse 3mo0es Hello from my Docker container on Windows!
Kubermetes
a This HTML page s being served by Ngin inside a Docker conainer.
auls 2
Models Name
MCP Toolkit ®  HeyLeo/cloud-demo
e ——
- *  heyicoicousdemo vol-ueb2
Docker Scout [— decbicedsasdsseb
T saEeTapme
o wone B 3ediabcbde2F251b7casSoAlaBATcESSese SabSasebI1es196b 75337
tensions. Ipk Us mahaf\cloud-docker-demo> docker network ls

NETWORK ID  NAME DRIVER  SCOPE
appnet  bridge  local
bridge  bridge  local
host host Local
Local

docker run net-web appnet heyleo/cloud-deno:1.0

bS1045001aca227123ebfcBb
appnet alpine sh

Latest.
Digest b7¢1c69c0dB8990c2adBddu;
Status. Downloa
/'t
/ # apk add —no-
fetch https alpine/v3
Fetch https: //dl-cdn.alpinelinux. org/alpine/\:

9) Installing brotli-libs (1.1.9r2)

alling c-ares (1.34.5-16)

Walkthrol

a\lm:} Tibpst. (8.21.5-3)
4-libs (1.5.7-16)

(5/9) Tnstalling curl (8.
Execiting busybox-1.57.0-115.era
OK: 12 HiB in 25 packag

/s





image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

N University of Wales
Trinity Saint David

%




