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[bookmark: _Toc129768664]Introduction in Cloud Computing
Cloud computing: What is it? The on-demand, pay-as-you-go delivery of IT resources through the internet is known as cloud computing. You can receive technological services like processing power, storage, and databases on an as-needed basis from a cloud provider like AWS, Azur, or Google Cloud Platform instead of purchasing, operating, and maintaining physical data centres and servers. A wide range of use cases, including data backup, disaster recovery, email, virtual desktops, software development and testing, big data analysis, and front-facing web applications, are being used by businesses of every size, type, and sector. A cloud is remotely provisioning IT resources which is in essence a network of networks providing remote access to a set of IT resources. Whereas the Internet provides open access to many Web-based IT resources, a cloud is typically privately owned and offers access to IT resources. [1]
[bookmark: _Toc129768665] 1.A Brief History of Cloud Computing
Cloud Computing is evolution on all the time. It’s start on 1950s when Large-scale mainframes with high-volume processing power became availability. The practice of time sharing, or resource pooling evolved. Using dump terminal how sold preps to make access to mainframe. Multiple users were able to access the same data storage layer and CPU power from any terminal. In 1970s with release virtual machine or call virtual machine (VM) in be can possible mainframe to have multiple virtual system or virtual machine on a single physical node. 
[bookmark: _Toc129768666]2.The Rise of Cloud Computing
[bookmark: _Toc129768667]Clustering: A cluster is a parallel or distributed computer system, which is a collection of inter-connected stand-alone computers working together as a single integrated computing resource.
[bookmark: _Toc129768668]Grid Computing: In 1995, the Information Wide Area Year (IWAY) experimental project was created evolving the grid technology. During 2000-2005, many grid projects were started such as NextGRID, Ontogrid, Grid@Asia, DataMiningGrid, CoreGRID, K-Wf grid. The earlier prominent grid effort was SETI@Home which links more than four million computers together into a massive supercomputer. [2] Grid computing is a group of networked computers that work together as a virtual supercomputer to perform large tasks, such as analyzing huge sets of data or weather modeling. Through the cloud, you can assemble and use vast computer grids for specific time periods and purposes, paying, if necessary, only for what you use to save both the time and expense of purchasing and deploying the necessary resources yourself. Also, by splitting tasks over multiple machines, processing time is significantly reduced to increase efficiency and minimize wasted resources.[3]

[bookmark: _Toc129768669]Virtualization: By the use of software, virtualization can divide the hardware components of a single computer, such as its processors, memory, storage, and other components, into several virtual computers, also known as virtual machines (VMs). Although only using a small percentage of the actual underlying computer hardware, each virtual machine (VM) runs its own operating system (OS) and functions like a separate computer. As a result, virtualization allows for a larger return on an organization's hardware investment and more effective use of physical computer systems. Today, enterprise IT architecture uses virtualization as best practice. The economics of cloud computing are likewise based on this technology. Cloud service providers can use their current physical computer gear to serve users thanks to virtualization, and cloud users can buy it. [4]
[bookmark: _Toc129768670]Virtual machine: A virtual machine is a virtual representation, or emulation, of a physical computer. They are often referred to as a guest while the physical machine they run on is referred to as the host. Virtualization makes it possible to create multiple virtual machines, each with their own operating system (OS) and applications, on a single physical machine. A VM cannot interact directly with a physical computer. Instead, it needs a lightweight software layer called a hypervisor to coordinate between it and the underlying physical hardware. The hypervisor allocates physical computing resources—such as processors, memory, and storage—to each VM. It keeps each VM separate from others, so they don’t interfere with each other. While this technology can go by many names, including virtual servers, virtual server instance (VSI), and virtual private server (VPS).[4]
[bookmark: _Toc129768671]Benefits of moving to the cloud: Your company can become more nimble, cut costs, rapidly scale, and deploy globally in a matter of minutes with cloud computing. Instance, access to a wide range of technologies through cloud computing enables you to innovate more quickly and create almost anything you can think. These technologies include internet of things, machine learning, data analytics, and many more. Technology services may be deployed quickly, allowing you to move from idea to implementation much more quickly than in the past. This allows you the opportunity to try new ideas and experiment with your business to distinguish client experience, such as integrating machine learning and intelligence to your application to personalize experiences for your consumers and enhance their engagement. Your company can become more nimble, cut costs, rapidly scale, and deploy globally in a matter of minutes with cloud computing. Instance, access to a wide range of technologies through cloud computing enables you to innovate more quickly and create almost anything you can think. These technologies include internet of things, machine learning, data analytics, and many more. Technology services may be deployed quickly, allowing you to move from idea to implementation much more quickly than in the past. This allows you the opportunity to try new ideas and experiment with your business to distinguish client experience, such as integrating machine learning and intelligence into your application to personalize experiences for your consumers and enhance their By using the cloud, you can focus on the things that are most important to your organization instead of maintaining infrastructure and data centers.

[bookmark: _Toc129768672]Explain the differences in these service types and the benefits/drawbacks of moving to each approach.
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A self-contained IT environment, including hardware, a network, connectivity, operating systems, and other basic IT components, is represented by the IaaS delivery model. The cloud computing service known as "Infrastructure as a Service" (IaaS) provides basic networking, storage, and computing capabilities on demand and on a pay-as-you-go basis. One of the four categories of cloud services is IaaS.
Benefits:
You may minimize the maintenance of on-premises data centers, save money on hardware, and obtain real-time business insights by moving your organization's infrastructure to an IaaS service. IaaS solutions provide you with the freedom to adjust the amount of IT resources you have according to demand. They also enable you swiftly to supply new apps and boost the resilience of your underlying infrastructure. You may avoid the expense and difficulty of purchasing and managing actual servers and datacenter equipment using IaaS. You only pay for a specific resource for as long as you really use it since each resource is provided as a separate service component. While you purchase, install, configure, and maintain your own software, including operating systems, middleware, and apps, a cloud computing service provider like Azure controls the infrastructure.
Drawbacks:
Cloud-based Infrastructure Solutions Sound Great, But There Are Drawbacks to Using Cloud-Computing Solutions.
Security issues: Being the enabling technology for IaaS, virtualization, hypervisors play a crucial role, and several attacks aim to damage them.
Interoperability issues: The many IaaS providers do not all adhere to the same criteria. Any VM migration from one IaaS provider to another is highly challenging.
Performance: All the dispersed servers in IaaS are linked together via the network. Performance is significantly influenced by the network's latency.

[bookmark: _Toc129768674]PaaS:
Platform as a service refers to cloud computing services that supply an on-demand environment for developing, testing, delivering, and managing software applications. PaaS is designed to make it easier for developers to quickly create web or mobile apps, without worrying about setting up or managing the underlying infrastructure of servers, storage, network, and databases needed for development. Platform as a service (PaaS) is a complete development and deployment environment in the cloud, with resources that enable you to deliver everything from simple cloud-based apps to sophisticated, cloud-enabled enterprise applications. You purchase the resources you need from a cloud service provider on a pay-as-you-go basis and access them over a secure Internet connection. Like IaaS, PaaS includes infrastructure—servers, storage, and networking—but also middleware, development tools, business intelligence (BI) services, database management systems, and more. PaaS is designed to support the complete web application lifecycle: building, testing, deploying, managing, and updating. PaaS allows you to avoid the expense and complexity of buying and managing software licenses, the underlying application infrastructure and middleware, container orchestrators such as Kubernetes, or the development tools and other resources. You manage the applications and services you develop, and the cloud service provider typically manages everything else. Organizations typically use PaaS for these scenarios:
Development framework. PaaS provides a framework that developers can build upon to develop or customize cloud-based applications. Similar to the way you create an Excel macro, PaaS lets developers create applications using built-in software components. Cloud features such as scalability, high-availability, and multi-tenant capability are included, reducing the amount of coding that developers must do.
Analytics or business intelligence. Tools provided as a service with PaaS allow organizations to analyze and mine their data, finding insights and patterns and predicting outcomes to improve forecasting, product design decisions, investment returns, and other business decisions.
Additional services. PaaS providers may offer other services that enhance applications, such as workflow, directory, security, and scheduling.
[bookmark: _Toc129768675][bookmark: _Toc129768676]
Benefits: 
Ease of use: PaaS provides a wide variety of client tools such as CLI, web CLI, web UI etc. and therefore, developers are free to choose any client tools of their choice.
Less maintenance overhead: Maintenance overhead is eliminated by the PaaS services as the underlying infrastructure is maintained by the infrastructure providers.
Produces scalable applications: PaaS services are providing built-in scalability to the application that is developed using the PaaS platform by delivering infrastructure as a service, PaaS offers the same advantages as IaaS. But its additional features—middleware, development tools, and other business tools—give you more advantages:
Cut coding time. PaaS development tools can cut the time it takes to code new apps with pre-coded application components built into the platform, such as workflow, directory services, security features, search, and so on.
Add development capabilities without adding staff. Platform as a Service components can give your development team new capabilities without your needing to add staff having the required skills.
Develop for multiple platforms—including mobile—more easily. Some service providers give you development options for multiple platforms, such as computers, mobile devices, and browsers making cross-platform apps quicker and easier to develop.
Use sophisticated tools affordably. A pay-as-you-go model makes it possible for individuals or organizations to use sophisticated development software and business intelligence and analytics tools that they could not afford to purchase outright.
Support geographically distributed development teams. Because the development environment is accessed over the Internet, development teams can work together on projects even when team members are in remote locations.
Efficiently manage the application lifecycle. PaaS provides all the capabilities that you need to support the complete web application lifecycle: building, testing, deploying, managing, and updating within the same integrated environment.
Drawbacks:
Vendor lock-in: The main reason for vendor lock-in is lack of standards. There are no common standards followed among the different PaaS providers.
Security issues: Like in the other cloud services, security is one of the major issues in PaaS services. Since data are stored in off-premises third-party servers, many developers are afraid to go for PaaS services. Less flexibility: PaaS providers do not give much freedom for the developers to define their own application stack. Most of the PaaS providers provide many programming languages and other development tools but it is not extensive and does not always satisfy all developer needs.
Depends on Internet connection: 
Since the PaaS services ae delivered over the Internet, the developers should depend on Internet connectivity for developing the application.
Some of the providers allow offline access, most of the PaaS providers do not allow offline access.
With slow Internet connection, the usability and efficiency of the PaaS platform do not satisfy the developers requirements.

Beware of getting locked into cloud provider
industry standards
deployment options
capability to integrate data & business in & out of cloud
Pay-per-use
check you get best price
pre-paid options
usage/hr or usage/day may add up very quickly
Security
cloud security experts
cyber-security measures
third party security audits

[bookmark: _Toc129768677]SaaS:
Software as a service is a method for delivering software applications over the internet, on demand, and typically on a subscription basis. With SaaS, cloud providers host and manage the software application and underlying infrastructure. These providers also handle any maintenance, like software upgrades and security patching. Users connect to the application over the internet, usually with a web browser on their phone, tablet, or PC. Users may connect to and utilize cloud-based applications through the Internet thanks to software as a service (SaaS). Email, calendaring, and office tools are common examples (such as Microsoft Office 365). A cloud service provider that SaaS offers a whole software solution that you may pay for as you use it. Your users connect to an app that you have rented for your business through the Internet, typically via a web browser. The data center of the service provider houses all the supporting infrastructure, middleware, app software, and app data. With the right service agreement, the service provider, who also oversees the hardware and software, will guarantee the app's accessibility, security, and privacy. SaaS enables your business to swiftly launch an app for a modest initial investment.
[bookmark: _Toc129768678]Benefits:
Gain access to sophisticated applications. You don't need to buy, install, update, or maintain any hardware, middleware, or software to offer SaaS apps to consumers. Even complex corporate systems, like ERP and CRM, may be used affordably by enterprises who lack the funds to purchase, implement, and operate the necessary equipment and software on their own thanks to SaaS.
Pay only for what you use. Also, you save money because the SaaS service scales up and down automatically depending on consumption.
Use free client software. Although some SaaS apps need plugins, most may be operated straight from the user's web browser without the need to download and install any software. This implies that you are not required to acquire and set up certain software for your consumers.
Mobilize your workforce easily. Because users may access SaaS programs and data from any Internet-connected computer or mobile device, SaaS makes it simple to "mobilise" your workforce. The service provider has already created programs that are compatible with many computers and device kinds, so you don't need to worry about doing it yourself. Also, you can manage the security risks that come with mobile computing without bringing expertise on board. Your data will be secure no matter what kind of device you are using thanks to a properly picked service provider.
Access app data from anywhere. Users may access their data from any Internet-connected computer or mobile device when it is saved in the cloud. Also, if a user's computer or device malfunctions, no data is lost when app data is kept on the cloud.



[bookmark: _Toc129768679]Drawbacks:
· Integration requirements with existing applications - is a hybrid integration platform that applies the functionality of closed-loop AI automation to support multiple styles of integration. The platform provides a comprehensive set of integration tools within a single, unified experience to connect applications and data across any cloud or on-premises environment.
· Security of data
· Lack of competitive differentiation
· Less ability to negotiate customized contracts. 
· Weakened IT management control.
· More basic functionality in some cases 
· New vendor management skills required. 
· For existing software houses: 
· Organizational implications of moving from a product-centric to a service-centric delivery model.
· Beware cannibalizing the on-premise market. 
· For start-ups: 
· Cashflow develops over time – building a business is hard. 
· For both: 
· Strong incentive to make adoption as viral as possible so usability is key.
· Reliability of hosted service is critical.
· 
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