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Abstract
As cloud computing makes it possible to distribute computer resources in an efficient and cost-effective manner, it has caused a paradigm shift in the IT industry. This study looks at virtualization and containerization as the key ideas underlying this approach in order to improve resource consumption and efficiency. While containerization makes it possible to create lightweight, effective containers for microservices, virtual machines (VMs) offer more secure separation even though they are wasteful. Docker stands out among a number of systems for application packaging and deployment. Additionally, the effects of cloud architectural ideas like load balancing, scalability, and serverless computing on efficiency and performance have been studied.


1. Introduction
When it comes to using the internet to provide resources like networking, storage, and computation, cloud computing is dominant. A key component of contemporary infrastructures that enable various applications to use similar hardware is virtualization. The conventional platforms operate on the basis of virtual machines (VMs) that are highly isolated yet present a serious overhead cost with full operating systems that increase resource usage and slow deployment [1], [3].
Although containerization was proposed as a lightweight substitute, it encapsulates applications and their dependencies in portable environments that are compatible with all systems. By sharing the host operating system kernel while isolating processes at the process level, containers offer faster deployment than virtual machines (VMs) and improved resource utilization [2], [4]. Thus, they are essential to cloud-native architectures and microservices [5].
One of the most widely used container platforms, Docker enables the creation, distribution, and execution of programs based on images, containers, and registries. Containers correspond to closed systems with all the necessary files and dependencies, making sure that they will perform identically regardless of the environment and address the issue of inconsistent deployment [6].
Altogether, Docker has made a crucial impact on cloud computing and DevOps through supporting the lightweight, portable, and scalable deployments, especially in the areas of microservices and CI/CD pipelines [2], [5].

2. Principles of Virtualisation
Virtualization is a technology that improves resource usage, scalability, and isolation while enabling several virtual environments to run on a single physical system It enables platforms such as Infrastructure as a Service (IaaS) and enables disparate operating systems and applications to execute on the same infrastructure at reduced expenses by abstracting hardware [7], [8], [4].
2.1 Concept of Virtualisation
The process of making virtualized versions of resources such as servers, operating systems, storage, and networks is known as virtualization. This is done by a hypervisor, which is a device that lies between real hardware and virtual machines (VMs) that allocates resources such as CPU, memory and storage but provides isolation [3], [9]. 
This abstraction enables workloads to be consolidated on fewer physical servers and increases the cost of hardware, which saves on energy and makes managing it easier. Virtualization is employed by cloud providers to offer scaled resources without the need to actually be in touch with physical infrastructure [4], [8]. 
Isolation, flexibility and portability are the primary benefits. The isolation ensures that failures or security problems in one VM do not impact other VMs, whereas portability enables VMs to be moved between servers and not disrupt other VMs, which would be essential in the large-scale cloud and data center settings [7].

2.2 Virtualisation of Shared Hardware
Virtualization allows sharing a common physical infrastructure among many systems effectively by partitioning resources like CPU, memory and storage into distinct virtual environments. Every environment is a discrete system and a hypervisor is used to allocate resources so that they can be distributed fairly and efficiently [9].
Two main types of hypervisors are used:
Hypervisor Type 1 (Bare-Metal): When running directly on bare metal hardware without the requirement for a host operating system, Hypervisor Type 1 (Bare-Metal) offers outstanding isolation and performance. VMware ESXi and Microsoft Hyper-V are two examples [10].  
Hypervisor Type 2 (Hosted): Usually used for testing or development, this type of hypervisor is built on top of a host operating system. Oracle VirtualBox and VMware Workstation are two of these programs. They are simpler to implement but have higher overhead [9].
Virtualization enhances the utilization of hardware by enabling several virtual machines to be deployed on a single machine, unlike the dedicated servers which can be underutilized [7].
2.3 Limitations of Traditional Virtualisation
Although it has its strengths, VM-based virtualization has its drawbacks. A complete operating system is required in each virtual machine, which consumes more resources and slows down the deployment process. Because of this, VMs are more prone to be hefty and inefficient than more contemporary lightweight systems like containers [5].
High numbers of VMs also pose complexity in operation since they must be configured, updated and maintained individually.  These issues resulted in the emergence of container technologies, which offer lightweight environments that can be deployed at a faster rate, with isolation ensured, thus able to scale better and with increased resource efficiency in the cloud environment [5].

3. Principles and Benefits of Containerisation
Containerization is a new virtualization methodology, which isolates applications and their dependencies into containers. Unlike virtual machines, containers are process-level segregated and share the operating system kernel. This design is lightweight and resource overhead is reduced, and can be deployed more quickly, which is ideal in a cloud setup [6], [11]. With the growing popularity of microservices as a new architecture in cloud systems, container technologies are now being used to construct scalable and portable applications.
3.1 Concept of Containerisation
Containerization or operating system-level virtualization enables many independent user-space processes to be running on the host. The code, libraries, runtime and configuration files of the application are contained in each container, and thus it can be deployed to a wide range of environments, such as development machines, on-premises systems, and clouds [5].
Namespace and control groups (cgroups) are used to containerize in Linux systems. Cgroups control the amount of CPU, memory and storage used, and namespaces isolate the system resources such as networking, file systems, and processes. The technologies enable containers to operate efficiently with reduced overhead than virtualization founded on hypervisors [7], [12].
Container technologies are well-liked in cloud computing since it is easy to deploy and manage. They reduce compatibility related issues, as they allow applications to be packaged once and reliably executed on other platforms [5], [11].
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Figure 2: Container Architecture vs Virtual Machine Architecture
The mode of use of the operating system by containers and traditional virtual machines is the architectural difference between them. Containers share the same OS kernel, and virtual machines in contrast have a different guest operating system per instance resulting in higher overhead.
3.2 Containerization's advantages in cloud computing
Containerization has a number of benefits to contemporary cloud infrastructures. One of these benefits is resource efficiency, where containers are more resource-efficient, and allow more applications to run on a single host by sharing the host OS kernel [6], [7]. Portability is another great advantage. Containers offer the portability of behavior across systems by enabling the bundling of applications and all dependencies deploying with the same level of consistency across development, testing, and production systems [5], [13]. App deployment and scaling can also be achieved with the help of containerization, which aligns with the DevOps and CI/CD principles. The ability to boot or de-boot containers in seconds enables dynamic scaling to meet the needs of workload [7], [11]. It is also compatible with microservices architectures, where applications are decomposed into smaller and autonomous services that communicate using APIs to achieve improved system flexibility, scalability, and resilience [8].
3.3 Role of Docker in Containerisation
The most popular container platforms include the Docker as well, which provides the opportunities to develop, share, and run containerized programs. It layers on top of Docker images as read-only templates containing application code and dependencies, defined with Dockerfiles that define how to create them. These images can be stored, and shared via repositories, like Docker Hub, to be reused across environments [9]. Docker has greatly enhanced the process of deploying software in cloud environments by increasing the portability, easing the management of infrastructure and maintaining large scale distributed systems. It has become an essential part of numerous cloud-native applications and orchestration systems like Kubernetes [6], [11].

4. Docker Architecture and Core Components
Docker is an open-source platform used to build, deploy and manage containerized applications. Applications and dependencies are bundled as mobile containers which can be readily run in cloud, data center and local environments. Due to its lightweight virtualization, portability, and scalability, it is a popular choice in distributed and microservices-based systems [10], [11], [5].
The key elements of the Docker architecture that manage the container lifecycle are the Docker client, Docker daemon, images, containers and registries. They can be used to design, distribute and implement containers effectively with their help [6], [14].
4.1 Docker Client
Docker client is the main interface to interact with Docker. It enables users to control networks and volumes, construct images and containers. Docker commands (e.g., docker build, docker run, and docker pull) can use a REST API to communicate with the Docker daemon to support local and remote operation [9]. This facilitates the incorporation with DevOps and CI pipelines [15].
4.2 Docker Daemon
A background service that handles images, containers, networks, and volumes is the Docker daemon It executes operations requested by clients, constructs images, and executes containers, and liaises with registries to transfer images. This automation reduces infrastructure complexity [1].
4.3 Docker Images
Docker images consist of application code, libraries and dependencies in an immutable template format. They are constructed using Dockerfiles and each command comprises a reusable layer. This layered structure improves storage efficiency and speeds up distribution [6], [14].
4.4 Docker Containers
Containers are runtime environments of images that execute applications in isolated environments. They are lightweight, whereby they share the host OS kernel as opposed to having distinct operating systems. This translates to reduced start and resource consumption relative to virtual machines and hence they can be used in scalable cloud applications [7]. They also maintain consistency between the development, testing, and production [12].
4.5 Docker Registry and Docker Hub
Images are stored and distributed in a Docker registry. The most widely used public registry is Docker Hub, where developers can obtain the images and instantly deploy them using commands like docker pull. The collaboration, reuse and the massive distribution are assisted by the use of registries whereas the proprietary images are managed safely by the use of the private registries [5], [16].

[image: ]
Figure 3: Docker Architecture

The Docker client communicates with the Docker daemon to create and operate containers, and the figure shows how images are stored and retrieved in Docker registries like Docker Hub.


5. Docker Coursework: Building and Deploying a Web Application
5.1 Creating a Simple HTML Page
Purpose
We're creating a basic HTML page that will serve as our web application. This page will display your personal information and will be served through a Docker container running a web server.
Creating the HTML File
Now create an HTML file called index.html:
[image: ]
5.2 Writing the Dockerfile & Building an Image
Purpose of Dockerfile
A Dockerfile is a text file containing instructions that Docker uses to build an image automatically. It defines what goes into your container, including the base operating system, software packages, files, and commands.
Creating the Dockerfile
In the same raj-assignment directory, create a file called Dockerfile:
[image: ]
Explanation of Each Instruction
FROM nginx:alpine
· This is the base image we're building from
· nginx is a lightweight web server
· alpine is a minimal Linux distribution (smaller image size)
· This instruction creates the first layer of our image
COPY index.html /usr/share/nginx/html/index.html
· Copies our HTML file into the container from the local directory.
· /usr/share/nginx/html/ is where nginx serves files from
· This creates a second layer containing our HTML file
EXPOSE 80
· Documents on port 80 that the container will listen to
· This does not really publish the port; it is merely informative.
· generates a layer of metadata
Understanding Docker Image Layers
Similar to a stack of pancakes, Docker images are constructed in layers. Every command in the Dockerfile generates a fresh layer:
Layer Structure:
1. Base Layer (FROM): Contains the nginx web server and Alpine Linux
2. File Layer (COPY): Adds your HTML file on top of the base
3. Metadata Layer (EXPOSE): Stores configuration information
Why Layers Matter:
· Efficiency: Docker reuses layers that haven't changed, making builds faster
· Storage: Multiple containers can share the same base layers
· Caching: If you only change your HTML file, Docker only rebuilds that layer
Building the Image
Now build your Docker image:
[image: ]

Explanation:
· docker build: Command to build an image from a Dockerfile
· -t raj-assignment-image: Tags (names) the image as "raj-assignment-image"
· .: Uses the Dockerfile in the current directory
Verify the image was created:
[image: ]
5.3 Running Container & Publishing to Docker Hub
Running the Container
Create and start a container from your image:
[image: ]
Explanation:
· docker run: Creates and starts a container
· -d: Runs in detached mode (background)
· -p 8080:80: Maps port 8080 on your machine to port 80 in the container
· --name raj-assignment-container: Names the container
· raj-assignment-image: The image to use
Test your container:
Open a web browser and navigate to: http://localhost:8080
You should see your HTML page displaying your information.
Alternatively, test from command line:
[image: ]

5.4 Creating and Attaching Docker Volume
Purpose of Docker Volumes
Containers are temporary by nature—when you delete a container, all data inside it is lost. Volumes address this issue through offering a persistent storage that exists outside containers.
Use Cases:
· Store database data
· Keep log files
· Preserve user-uploaded content
· Share data between containers
Publishing to Docker Hub
Why Publish Images?
· Sharing: Others can easily pull and run your application
· Deployment: Deploy the same image to different servers
· Backup: Your image is stored remotely
· Version Control: Track different versions of your application
Step 1: Login to Docker Hub
[image: ]

Step 2: Tag the Image
Docker Hub requires images to be tagged with your username:
Explanation:
· docker tag: Creates a new tag for an existing image
· raj-assignment-image: Source image (local name)
· bhatiaraj/raj-assignment-image:v1: New name with Docker Hub username and version tag
Step 3: Push to Docker Hub
[image: ]
This uploads your image to Docker Hub. The process shows progress for each layer.
Verify the push: Visit https://hub.docker.com/r/bhatiaraj/raj-assignment-image to see your published image.
[image: ]
Creating a Volume
Create a Docker volume:
Verify the volume was created:
You should see raj-assignment-volume in the list.
Inspect the volume to see details:

[image: ]
Attaching Volume to Container
First, stop and remove the existing container:
Now run a new container with the volume attached:
[image: ]
Explanation:
· -v raj-assignment-volume:/usr/share/nginx/html: Mounts the volume 
· raj-assignment-volume: The volume name
· /usr/share/nginx/html: Where it's mounted in the container
Testing Data Persistence
Let's create a new file in the volume to demonstrate persistence:
[image: ]

Visit http://localhost:8080/test.html to see the file.
[image: ]
Now delete the container:
Create a new container with the same volume:
[image: ]

Visit http://localhost:8080/test.html again—the file is still there! This demonstrates that data in volumes persists even when containers are deleted.
[image: ]
5.5 Creating and Using Docker Network
Purpose of Docker Networks
Docker networks allow containers to communicate with each other securely and efficiently. By default, containers on the same network can reach each other using container names as hostnames.
Types of Docker Networks
Bridge Network (Default):
· Used for containers on a single host
· Containers get their own IP addresses
· Best for most applications
Host Network:
· Container shares the host's network
· No network isolation
· Better performance but less security
Overlay Network:
· Connects containers across multiple Docker hosts
· Used in Docker Swarm or Kubernetes
· For distributed applications
None:
· Disables all networking
· Complete isolation
For this assignment, we'll use a bridge network.
Creating a Custom Network
Create a network:
Verify the network was created:
Inspect the network:
[image: ]
Connecting Container to Network
Stop and remove the existing container:
Run a new container connected to your custom network:
Explanation:
· --network raj-assignment-network: Connects the container to your custom network
[image: ]


6.  Cloud Computing: Architecture, Scalability, and the Evolution Toward Serverless Paradigms
The NHS 111 online and telephone triage service handles more than 20 million digital contacts each year, and is overwhelmed by demand at short notice during times of viral pandemics, respiratory crises in winter, and significant public health incidents. In contrast to a commercial retail platform, its load has life-critical latency limits: a slow response to triage or a lost connection can have a direct impact on patient outcomes. In this report we will use the NHS 111 digital platform, which has been migrated to the three key cloud concepts—load balancing, auto-scaling, and application gateways—are exemplified by Microsoft Azure. The two architectural concepts of serverless computing and containerization are then critically compared, and the macro-forces driving cloud adoption are examined. Throughout, the reference source is shown in blue. [16]

7.  Platform Architecture Overview
Figure 1 depicts the end-to-end Azure architecture of the NHS 111 platform that includes global traffic routing, application-layer gateway inspection, load-balanced backend processing, and the automation tiers supporting it, which are serverless and containerized. Every of the numbered zones is the subject of a concept in Section 3.

[image: ]
Figure 1 — NHS 111 Azure Cloud Architecture: Request Flow During Peak Demand


8.  Core Cloud Concepts: Azure Implementation
8.1 Load Balancing
Conceptual Foundation
Load balancing is the process that distributes the incoming traffic to the backend servers to avoid overload and guarantee that it is available. It is used in OSI Layers 4 and 7, and is fault tolerant by routing traffic around failed instances, preventing cascading failures [17].
Azure Implementation: Azure load balancer and Azure traffic manager.
Azure Load Balancer (Layer 4) uses a five-tuple hash to distribute TCP/UDP traffic to backend VMs [18]. At NHS 111, the API VMs are used as the backend pool. Health probes (HTTP GET /healthz every 15 seconds with three-failures tolerance) automatically remove unhealthy VMs. Unsuccessful cases will cause a failover, and session data is saved in the Azure Redis Cache to avoid the loss of data [18].
At the international level, geographic routing by DNS is adopted in Azure Traffic Manager to ensure that NHS 111 data does not leave UK regions (UK South/West) to address the need of data sovereignty and compliance [19].
8.2 Scalability
Conceptual Foundation
Scalability will guarantee performance of the system at the growing workloads. Vertical scaling adds resources to one instance whereas horizontal adds instances. Cloud native systems prefer horizontal scaling as a form of resilience, cost-effectiveness, and performance over time in case of failure [20].
Azure Scale Sets and Autoscale VM.
Azure Virtual Machine Scale sets operate a pool of the same as a single VM [21]. Autoscale rules in use at NHS 111:
Scale-out: +2 VMs when CPU >70% (average of 5 minutes) 
Scale-in: −1 VM when CPU <25% for 10 minutes 
Cooldown (300 seconds) is used to avoid instability (flapping) [21]. 
One of such improvements is predictive scaling. In cases where NHS England FluSurveillance API detects the high spread of influenza (R > 1.4), an Azure Logic App pre-scales capacity (by 40 percent). This eliminates the 46 minute lag of reactive scaling when at peak demand [21].
8.3 Gateways for Applications
Conceptual Basis
Based on the content of requests (URL, headers, cookies), application gateways operate on Layer 7. It leaves TLS termination, routing, and security to application logic [22].
WAF for Azure Application Gateway v2.
The primary ingress controller is Azure Application Gateway [22]. It uses path-based rules to route traffic and manages TLS termination and re-encryption (end-to-end TLS):
Clinical decision virtual machines (api/triage/→). 
api/ambulance/anywhere → HL7-FHIR integration services. 
API/auth is the NHS login service. 
static/to Azure Blob/CDN storage. 
This makes it possible for microservices to scale independently.
The OWASP Core Rule Set 3.2 is consumed by the Web Application Firewall (WAF), an integrated Web filter that stops threats like XSS and SQL injection before they reach the backend systems [23]. This is required to ensure the safety of sensitive patient data and to comply with UK GDPR Article 32 and data security regulations in the NHS [24].


9.  Scalability and Load Balancing: An Architectural Partnership
Scalability and load balancing are interdependent; one cannot function without the other. This is evident when the NHS 111 system fails.
Scalability in the absence of load balancing: In the 2022 Strep A outbreak, VMSS was able to scale its triage VMs eight more times in five minutes when the load on NHS 111 had increased 12 times. But until the load balancer backend pool was updated, all traffic would still be sent to the original two VMs which remained at 98% CPU, with the new VMs remaining idle. Consequently, autoscaling did not provide any better throughput [20].
Load balancing and not scalable: In a system with a fixed number of ten VMs, using the Azure Load Balancer, a 10x demand spike will be evenly spread out. But, simultaneously all VMs get overloaded and service is degraded uniformly. Traffic is balanced, but the initial infrastructure limits the total capacity, thus not allowing performance improvement [17].
Combined approach: Load balancing and scalability are a self-reinforcing system together. Health probe of the load balancer also makes sure that VMs that are scaled are added to the load balancer only after they pass the checks, and the faulty ones do not process live traffic. Meanwhile, failed VMs are automatically reinstated, establishing a feedback loop of self-healing, with traffic distribution and capacity scaling as a single system [18], [21].10. Integrated Architecture: Customer and operational value of end-to-end.

10.  Combined Architecture: End-to-End Patient and Operational Benefits
The combination of load balancing, scalability and smart ingress brings in benefits at the system level that no single component can be able to accomplish. A request lifecycle during an outbreak of respiratory Category 3 is as follows:
· Global routing The DNS query of the patient is answered by Azure Traffic Manager in 8 ms in the UK South region, which is in line with the NHS data residency criteria [19]. 
· Intelligent ingress: Azure Application Gateway receives the HTTPS request, terminates TLS, authenticates, scans WAF and forwards /api/triage/ass to the clinical cluster, isolating it to other workloads [22].
· Distributed processing: Azure Load Balancer sends traffic to a healthy triage VM based on hash-based distribution and the session state is kept in Redis Cache to provide resilience [18]. 
· Proactive elasticity: The Azure Virtual machine scale sets have already increased capacity by 40 percent through predictive scaling and response times have been kept below 180 ms during peak times []. 
The cumulative result provides clinical decision support within less than 180 ms in a 15x demand burst, without violating data sovereignty or needing human intervention. Operationally, the expenses are also efficient since resources can be scaled down to a minimum in a few minutes as demand levels off, and fixed infrastructure is converted into dynamic, consumption-based service.
Table 1 — Combined Technology Benefits: NHS 111 Azure Platform
	Technology
	Primary Function
	Clinical / Operational Benefit

	Azure Traffic Manager
	Global DNS routing with geographic policy
	UK data residency; lowest-latency regional endpoint

	Azure Application Gateway v2
	Layer 7 routing, TLS, WAF (OWASP CRS 3.2)
	Microservice isolation; NHS GDPR / WAF compliance

	Azure Load Balancer
	Layer 4 distribution; health probes
	Zero-downtime failover; session continuity via Redis

	VMSS + Autoscale + FluSurveillance
	Predictive + reactive elastic scaling
	Sub-180 ms response sustained under 15× surge





11. Driving Forces Behind Cloud Expansion
11.1 Macroeconomic and Institutional Imperatives.
By 2024, global public cloud expenditure had reached $679 billion, and is expected to surpass $1.04 trillion by 2027 [25]. Key drivers include:
· CapEx to OpEx Conversion: The traditional NHS data centres were based on hardware cycle of 5-7 years whereas the cloud provides the ability to use consumption costing. According to NHS Digital Cloud First Strategy, the reduction in costs was estimated to be around 34% in 30 months [26]. 
· Elasticity of Unpredictable Demand: NHS 111 demand has the capability of increasing by up to 2,000% during emergencies. Cloud elasticity enables scaling to occur quickly without idle capacity, thus lowering the general expenses [16]. 
· Resilience and Sovereignty: Azure regions in the UK offer cross-region failover within less than 15 minutes and it supplants costly disaster recovery systems [27]. 
Security and Compliance: Azure is compliant to standards like NHS DSPT, ISO 27001, and Cyber Essentials Plus, without the need to pay substantial compliance fees to individual trusts [24]. 
11.2 Functions as a Service: Serverless Computing.
Definition and Use in the NHS
Cloud providers can manage infrastructure, including scaling and maintenance, thanks to serverless computing (FaaS). Developers build stateless functions based on events, and they are only billed for execution time per usage [28].
Azure Functions is an event-driven workflow that is automated in NHS 111. As an illustration, a Service Bus trigger is triggered when a triage has been completed and it triggers functions to store patient data in Cosmos DB, send SMS confirmations and update emergency queues. They run in less than 300 ms and cost nothing to run, unless used, which means that dedicated VMs are not necessary [28].
Critical Comparison vs. NHS Driving Forces.
Cost efficiency:
Serverless computing fits best into the CapEx-to-OpEx model. Azure Functions with around 55 million NHS 111 triage calls per year (average of 280 ms per call) cost approximately £210/month, which is compared to approximately £1,400/month with always-on containerised workloads. Containers, however, are economical after the sustained utilisation of approximately 40% and are therefore suitable in running services that require constant operation such as the triage API [28].
Resilience and portability:
Services which have been containerised (e.g., running on Kubernetes on AKS) can be moved between on-premises and multi-cloud environments with few or no changes and be used to support NHS hybrid-cloud strategies. Conversely, serverless functions rely on Azure-specific triggers (Service Bus, Event grid) which cause vendor lock-in and make them less portable [29].
Developer productivity/compliance:
Serverless makes development simpler by eliminating infrastructure management - no Dockerfiles, manifests, or cluster management- and thus can be deployed quickly. But to monitor distributed work processes, such as Azure Application Insights, they come at a price and complexity, particularly when it comes to clinical audit compliance (DCB0129). Container based systems also have a centralized logging and are more audit friendly [24]. 
Hybrid Architectural Approach
NHS 111 system adopts an amalgamation approach:
Containers (AKS): Work with auditable core services (triage engine, FHIR integration, authentication), which are latency-sensitive. 
Serverless (Azure Functions): Scale (notifications, queue updates, audit logging) with high volume and event-driven. 
This will cause architectural decisions to prioritize clinical safety, compliance, and data sovereignty over prioritize the cost or development convenience [28], [29].

12.  Conclusion
In conclusion, both technologies have their own unique benefits and are both significant in the contemporary cloud architecture. Although containers are scalable, fast and efficient, they can also be implemented in a cloud system. Meanwhile, virtual machines ensure security. Docker enables the standardization of the platform environment and the effective management of containers. Moreover, the concepts of cloud technology, e.g. serverless computing, load balancing and auto-scaling will be used, which will enhance reliability and speed. An integrated solution of serverless computing and containers would be the most effective option because of their effectiveness in both cost and performance.
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& Dockerfile > ...
FROM nginx:1.27-alpine

# Copy static site files into the default Nginx web root.
COPY index.html /usr/share/nginx/html/index.html

EXPOSE 80

# Keep Nginx in the foreground for container runtime.
D ["nginx”, "-g", "daemon off;"]|

PR RPN
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PROBLEMS ~ OUTPUT  DEBUGCONSOLE  TERMINAL  PORTS

PS D:\Project\Assingmmet_1> docker build -t raj-assignment-image .
[+] Building 1.65 (8/8) FINISHED
> [internal] load build definition from Dockerfile
transferring dockerfile: 2788
=> [internal] load metadata for docker.io/library/nginx:1.27-alpine
> [auth] library/nginx:pull token for registry-1.docker.
> [internal] load -dockerignore
transferring context: 28
> [internal] load build context
> transferring context: 1.47kB
CACHED [1/2] FROM docker. io/1ibrary/nginx:1.27-alpine@sha256:65645C7bb6a0661892a8b03b8906743208a18d02F 3F17a54eFab76Fb8e2f 2a10
resolve docker. io/library/nginx:1.27-alpine@sha256: 65645C7bb6a0661892a8b03b8906743208218d2F3F17a54eFab 6 bBe2F2a10
[2/2] COPY index.html /usr/share/nginx/html/index. html
exporting to image
exporting layers
exporting manifest sha256:8C557Fe00f3206683260421420712b43493a0228380e2FB944687221884506D
exporting config sha256:7b3912446d83018d30F F6@BBa753928Fa2FC3354893911cBbC621b14961078be
exporting attestation manifest sha25e:7a@64ce7aacebdedh20a08807372563aeFBA926h7d3833e3bb72cA24eCF 34820
exporting manifest list sha256:4c3142a21019102cFdAcFA6AeFAdS2679F5cA20a62ee5300C749d1C50617Fa25
naming to docker. io/1ibrary/raj-assignment-inage:latest
unpacking to docker.io/library/raj-assignment-inage: latest
PS D:\Project\Assingmnmet_1> ||

63 powershel +~ () W

docker:desktop-linux
.05
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1.35
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.05
.05
.05
.05
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0.15
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PS D:\Project\Assingmnmet_1> docker images

THAGE ™
bhatiaraj/rajassignuent:vl  64457322b3bf
busybox: latest 1487d6afsfs2
raj-assignment-inage:latest  4c3142a21019
rajassignment:latest 64457322b3bF

PS D:\Project\Assingmnmet_1> ||

DISK USAGE
73.648
6.77M8
73.648
73.648

Bri3

EEEE

EXTRA
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PS D:\Project\Assingmnmet_1> docker run -d -p 8080:89 --name raj-assignment-container raj-assignment-image
e12f1677h20aC7072011cdde8cd22c1495b6c0741392FFeaBcbesscFoRe3ed
PS D:\Project\Assingmnmet_1> ||
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PROBLEMS ~ OUTPUT  DEBUGCONSOLE  TERMINAL  PORTS
PS D:\Project\Assingmmet_1> curl http://localhost:8688
Security Warning: Script Execution Risk
Tnvoke-WebRequest: parses the content of the web page. Script code in the web page might be run when the page is parsed.
RECOMMENDED ACTION:
Use the -UseBasicParsing switch to avoid script code execution.
Do you want to continue?

[¥] Yes [A] Yes to ALL [N] No [L] No to ALl [S] Suspend [2] Help (default is “N"

StatusCode
StatusDescription
Content
<titlexRaj Bhatia - Docker Assignment</title>

RauContent: © HTTP/1.1 200 0K

Connection: keep-alive

Accept-Ranges: bytes

Content-Length: 1428

Content-Type: text/html

Date: Sun, 19 Apr 2626 12:51:40 GHT

ETag: "60edcdee-504"

Last-Modified: Sun, 19 Apr 2626...
Forms 30
Headers + {[Connection, keep-alive], [Accept-Ranges, bytes], [Content-Length, 1428], [Content-Type, text/html]..
Tnages 310
TnputFields 30
Links 3
ParsedHtml + mshtml.HTMLDoCumentClass
RauContentlength : 1428

PS D:\Project\Assingmnmet_1> ||
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PS D:\Project\Assingmmet_1> docker login
Authenticating with existing credentials... [Username: bhatiaraj]

B Info » To Login with a different account, run ‘docker Logout’ followed by ‘docker Login®

Login Succeeded
PS D:\Project\Assingmnmet_1> ||
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PS D:\Project\Assingmmet_1> docker tag raj-assignment-image bhatiaraj/raj-assignment-image:vi
PS D:\Project\Assingmmet_1> docker push bhatiaraj/raj-assignment-image:vi

The push refers to repository [docker. io/bhatiaraj/raj-assignment-inage]

2 Pushed

Hounted from bhatiaraj/rajassignment

Hounted From bhatiaraj/rajassignnent

Hounted From bhatiaraj/rajassignnent

Hounted From bhatiaraj/rajassignnent

Hounted From bhatiaraj/rajassignnent

197eb75867ef: Mounted from bhatiaraj/rajassignment

61cadf733c80: Mounted from bhatiaraj/rajassignment

81bdged7ece7: Mounted from bhatiaraj/rajassignment

906dc184d451: Pushed

digest: sha256:4c3142221019102cFIACFA6A=FAIS2679F5cA20a62ee5300C749d1C50617Fa25 size: 856
PS D:\Project\Assingmnmet_1> ||
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*iNew Insights on the state of Al agents from 800+ builders and leaders. Download your copy >

Explore / bhatiaraj / raj-assignment-image

bhatiaraj/raj-assignment-image

By bhatiaraj - Updated less than a minute ago

Overview Tags

@ ‘Tag summary
- Recenttags
No overview available v
This repository doesn't have an overview
Content type
Image
Digest

sha256:4c3142a21... (5}

size
20 MB

Last updated

less than a minute ago

docker pull bhatiaraj/raj-assignment-image:v1
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PS D:\Project\Assingmnmet 1> docker volume create raj-assignment-volume
raj-assigment-volure

PS D:\Project\Assingmmet_1> docker volune 1s

DRIVER  VOLUME NAME

local  myvolune

local  raj-assigmment-volure

local  web-data

PS D:\Project\Assingmmet_1> docker volume inspect raj-assignment-volune

[
{

“Mountpoint™: "/var/1ib/docker/volunes/raj-assignment-volure/_data",
“raj-assignment-volume”,

¥
1
PS D:\Project\Assingmnmet_1> ||
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PS D:\Project\Assingmnmet_1> docker stop raj-assignment-container
raj-assigment-container

PS D:\Project\Assingmnmet_1> docker rm raj-assignment-container

raj-assigment-container

PS D:\Project\Assingmmet_1> docker run -d -p 8080:89 --nane raj-assignment-container -v raj-assignment-volune:/usr/share/nginx/html raj-assignnent-image
Fefba26f7F72ad2728820499F 1bebc15F1e7b67ad6adaeddFop897140803ccda

PS D:\Project\Assingmnmet_1> [|
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PS D:\Project\Assingmnmet_1> docker exec raj-assignment-container sh -c "echo '<h2>This file persists!</h2>" > /usr/share/nginx/html/test.html”
PS D:\Project\Assingmnmet_1> ||
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This file persists!
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PS D:\Project\Assingmnmet_1> docker stop raj-assignment-container

raj-assigment-container

PS D:\Project\Assingmnmet_1> docker rm raj-assignment-container

raj-assigment-container

PS D:\Project\Assingmmet_1> docker run -d -p 8080:89 —-nane raj-assignment-container -v raj-assignment-volune:/usr/share/nginx/html raj-assignnent-image
3469662415412defd4f@2ecef6a1250Fe42b6d2F67114F8e68addFBaF 36208

PS D:\Project\Assingmnmet_1> [|
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PROBLEMS  OUTAUT  DERUGCONSOLE  TERMINAL  PORTS Dpowenner ++ @ @ ~ | &3 X

PS D:\Project\Assingmnmet_1> docker network create raj-assignment-netuork
568404c3CC285eaRa0121ealaf 2FodFebCAC292CcATRACFI63eaBFIeA1271d1
PS D:\Project\Assingmnmet_1> docker network 1s

NETWORK ID  NAME ODRIVER  SCOPE
fa786eab1527  bridge bridge  local
32b664740F27  host: host local
og6ob1fedeac  my-netuork bridge  local
IFIUCFFFA none null local

568404c3cC28  raj-assignment-network bridge  local
PS D:\Project\Assingmmet_1> docker network inspect raj-assignment-netuork
[
{
“Name": "raj-assignment-netuork”,
"Id": "568484c3cc285eaBa0121ealaf2fodfe6CAC02CCAIAACTOBRIeaBOR01271d1”,
“Created”: "2026-64-19T13:03:20.8378347332",

TP {

"172.19.0.6/16",
“Gateway": "172.19.0.1"

b
Internal”: false,
“Attachable”: false,
“Ingress”: false,
“ConfigFrom™: {
“Network”:

3

“Configonly”: false,

“Options™: {
~con. docker.network.enable_ipva™
"con. docker.network.enable_ipvé™

"true”,
"false”

b
“Labels”: {},
“Containers™: {},
“Status”: {
TP {
“Subnets”: {
"172.19.0.6/16": {
“TPsTnUse™: 3,
“DynamicIPsAvailable

65533

In9,Col35 Spacesi4 UTF-8 CRIF [} Dockerfle & @ Port:5500 (2
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PS D:\Project\Assingmnmet_1> docker stop raj-assignment-container

raj-assigment-container

PS D:\Project\Assingmnmet_1> docker rm raj-assignment-container

raj-assigment-container

PS D:\Project\Assingmmet_1> docker run -d -p 8080:89 —-nane raj-assignment-container --netuork raj-assignment-network -y raj-assignnent-volune: /usr/share/nginx/htnl raj-assignment-inage
'29881e76e45b626F1153747eeco6965584b7279e63dbeba498ababfdeFassccd

PS D:\Project\Assingmnmet_1> ||
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