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On this modern era, cloud computing has become very popular since the number of people using the internet is rising from time to time. Cloud computing is the availability of various services via the Internet, including data storage, servers, databases, networking and software. The information can be easily accessed and located directly in a cloud or a virtual space. Many company or people with big organizations will provide cloud services to their workers because it will make it easier for them to store all of the files on the servers and they can easily access the data via internet. By using cloud computing, we will able to do work efficiently and can increased productivity.
 Cloud computing can either provide you with a public services or a private services. For cloud computing with public services, there will be a fee that you have to pay in order to use the services. Google Cloud Platform is one of the example for public cloud computing. Meanwhile, cloud computing with private services will only provide services for a specific number of people such as Microsoft Azure. It is usually used by a specific corporation or association. However, there is also a hybrid cloud computing which combines both public and private services such as Amazon Web Services (AWS).
The main objectives of this paper is to give comparative study about the most prominent cloud computing service providers between Amazon EC2, Google Cloud Platform and Microsoft Azure. Different cloud computing have different features such as their service model, virtual machine, storage and many more. We also want to analyze the advantages and disadvantage of each cloud computing. It will help us to choose which one is the best among them all.
This paper is organized into 4 parts. The first section outlines is for the introduction. The second section is the main body. It was made to describe the comparison with some detailed explanation and discussion. There are many criteria that we have discussed in this part such as their service model, virtual machine, storage, OS environment offered, security, performance and scalability, pricing model, auto-scalling and monitoring tools. Besides that, we also mentioned about the positive and negative side of different types of cloud computing platforms in this part. Lastly, in the last part of this paper, we conclude all of our finding and our references.

2. Comparison and discussion

Service Model

Different cloud service providers have different functions that describe key features between Google App Engine, Amazon AWS and Windows Azure in order to understand key features below table.

	Cloud Services
	Google app Engine
	Amazon AWS
	Microsoft Azure

	Platform-as-a-Service(PaaS)
	
	
	

	Infrastructure-as-a-Service(IaaS)
	×
	
	

	Software-as-a-Service(SaaS)
	×
	×
	×


Table 1: Comparison of different cloud service provider

AWS has all the praise for EC2, which is very popular on the market, as we compare computing services. It also supports various other computing services that touch PaaS, containers, and even computing services without servers. In these domains, Azure also has many services that match AWS. However, as opposed to these two networks, Google Cloud is a little lacking. Here is a list of some prominent services that are offered by these service providers.

	Services
	Google Cloud
	Amazon AWS
	Microsoft Azure

	Infrastructure-as-a-Service (IaaS)
	Google Compute Engine
	Amazon EC2
	Virtual Machines(VM)

	Platform-as-a-Service(PaaS)
	Google App Engine
	AWS Elastic Beanstalk
	App Service and Cloud Services


Table 2: List of some services these three Cloud Service providers provide

Virtual Machines instance type offered

	Machine Type
	AWS
	Azure
	GCP

	Smallest Instance
	In the case of AWS, a very basic instance that includes 2 virtual CPUs and 8 GB of RAM
	For the same type of instance, i.e., an instance with 2 vCPUs and 8 GB of RAM
	Compared to AWS, GCP will provide you the most basic instance, containing 2 virtual CPUs and 8 GB of RAM

	Largest Instance
	The largest instance offered by AWS that includes 3.84 TB of RAM and 128 vCPUs
	The largest instance offered by Azure includes 3.89 TB of RAM and 128 vCPUs.
	GCP takes the lead here with its largest instance that includes 3.75 TB of RAM and 160 vCPUs.


Table 3: comparison among AWS, Azure, and GCP on the basis of the machine type that they offer

Storage

	Provider
	Storage Services
	Database Services
	Backup Services

	AWS
	Simple Storage Service(S3)
	Aurora
	Glacier

	
	Elastic Block Storage (EBS)
	RDS
	

	
	Elastic File System (EFS)
	DynamoDB
	

	
	Storage Gateway
	ElastiCache
	

	
	Snowball
	Redshift
	

	
	Snowball Edge
	Neptune
	

	
	Snowmobile
	Database migration service
	

	Azure
	Blob Storage
	SQL Database
	Archive Storage

	
	Queue Storage
	Database for MySQL
	Backup

	
	File Storage
	Database for PostgreSQL
	Site Recovery

	
	Disk Storage
	Data Warehouse
	

	
	Data Lake Store
	Server Stretch Database
	

	
	
	Cosmos DB
	

	
	
	Table Storage
	

	
	
	Redis Cache
	

	
	
	Data Factory
	

	GCP
	Cloud Storage
	Cloud SQL
	None

	
	Persistent Disk
	Cloud Bigtable
	

	
	Transfer Appliance
	Cloud Spanner
	

	
	Transfer Service
	Cloud Datastore
	


Table 4: Comparison of Storage Services:AWS vs Azure vs GCP




OS environment offered

	
	Google Cloud
	Amazon AWS
	Microsoft Azure

	Platform Supported
	Runtime Software
	Operating systems software
	Operating systems Software

	Language Supported
	Java, Python, Go
	Any
	VB.NET
C#.NET
PHP
BASIC
JAVA
Python
.NET
Node.js

	Integrated DB Support
	It does not support any external databases; it probides a data store of its own
	Mysql
	Sql Azure


	SLA
	100% uptime
	Amazon S3 Available with a monthly uptime 99.9%. Amazon EC2 available with annual uptime 99.5%
	99.9 uptime


Table 5: comparison of different Cloud Service Providers

Security

Cloud computing security refers to the control and practice of ensuring distributed computing conditions, applications, information, and data. Cloud security involves making sure about cloud conditions against unapproved use or access, distributed denial of service (DDOS) attacks, hackers, malware, and different dangers. While cloud security applies to security for cloud conditions, the connected term, cloud-based security, alludes to the product as an administration (SaaS) conveyance model of security administrations, which are facilitated in the cloud instead of sent through on-premise equipment or programming.

	Security Service
	Amazon EC2
	Google Cloud 
	Microsoft Azure

	Authentication and authorization
	Identity and Access Management(IAM)
	Cloud IAM
	Active Directory Premium

	
	Organization
	Cloud Identity-Aware Proxy
	

	Protect and safeguard with data encryption
	Key Management Service
	-
	Storage Service Encryption

	Hardware-based security modules
	CloudHSM
	Cloud Key
	Key Vault

	
	
	Management Service
	

	Firewall
	Web Application Firewall
	-
	Application Gateway

	Directory services 
	AWS Directory Service
	-
	Active Directory Domain Services

	Identity management
	Cognito
	-
	Active Directory B2C

	Cloud services with protection
	Shield
	-
	DDos Protection Service


Table 6: Comparison of Security Services : Amazon EC2 vs Google Cloud vs Microsoft Azure









Performance / Scalability

Performance is the throughput of a system under a given workload for a specific time. 
[image: https://www.cbronline.com/wp-content/uploads/2018/11/1541589647_tmp_Fig-2-1024x543.jpg]
Figure 1: The network performance between AWS,Azure and GCP (measured in latency) in various locations.

Scalability is a system's ability to manage the rise in demand without affecting the efficiency or availability of the program. The three cloud service providers studied have comparable scalability functionalities.

Pricing Models

	
	Pricing 
	Models

	Amazon EC2
	Per hour-rouded up
	On demand,reserved,spot

	Google Cloud
	Per minute-rounded up(minimum 10 minutes)
	On demand-sustained use


	Microsoft Azure
	Per minute-rounded up commitments(pre-paid or monthly)
	On demand –short term commitments(pre-paid or monthly)


Table 7: Pricing models (Amazon cloud vs GC vs Azure)

Autoscaling/Elasticity

[bookmark: _GoBack]Elasticity, or most cloud providers call it as autoscaling, is one of the common feature among the three platform (GCP,AWS and Azure). Auto scaling is a distributed computing highlight that permits to consequently scale cloud administrations, as virtual machines (VM) and worker limits, up or down, contingent upon the specific circumstance (eg. Computer chip usage). Auto-scaling guarantees that new cases are flawlessly expanded during request spikes and diminished during request drops, empowering steady execution for lower costs. AWS and GCP are one of the two cloud suppliers that offer Auto scaling highlights. Coming up next are the significant contrasts of auto-scaling highlight offered by AWS and GCP.


Autoscaling in AWS vs Autoscaling in GCP

i. Based on Scaling Policy

In AWS, there are 3 kinds of auto scaling policies available:
· First one is a target tracking scaling policy. Scaling is defined here by the target value of a metric value (CPU, request count). By increasing or decreasing the instance count, autoscaling will attempt to preserve the metric's value as close to the target value.
· The second one is a step-based auto-scaling policy. This includes the option to add the number of instances according to the alarm violation level. For instance, if the target CPU is 50% and the actual CPU has reached 60%, you can choose to add 1 instance, but if the CPU has reached 80% then you can add 2 instances.
· The third one is a simple scaling policy. The instances are applied linearly here by autoscaling until the target value is reached.

For both step and simple scaling policy, we have to define separate scale out and scale in the 	policy. In case of target tracking scaling policy, we just have to give the target value and 	autoscaling will add or remove the instances as required. GCP only supports the target tracking 	scaling policy. So compared to the GCP, AWS has a greater scaling strategy.

ii. Based on the additional Parameters for Scaling

In addition, AWS offers a scale based on the following parameters.
· Scaling based on SQS (Simple Queue Service)- Amazon SQS is a simple queue service offered by AWS that lets customers integrate and decouple distributed software systems and components. Depending on the number of messages in the queue, Autoscaling can scale in and out.
· Scheduled Scaling- The scheduled action tells Amazon EC2 Auto Scaling to perform a scaling action at specified times.

In GCP autoscaling, those two characteristics are not supported.

iii. Based on the termination Protection for running instances

In AWS, specific instances can be shielded from being terminated during the scale-in event. We 	can enable termination protection on the EC2 instance, which we don’t want to terminate during 	the scale-in event. In the case of GCP autoscaling, instances can be terminated randomly during 	the scale-in event. There is no function to secure a specific case.



Monitoring Tools

i. Amazon Web Service
Amazon net Services has become a go-to supplier for cloud computing efforts as a result of it simplifies the method of fixing servers and services. Despite AWS’s simple use, IT groups area unit still chargeable for making certain their cloud environments area unit running swimmingly and everything is functioning of course. AWS monitoring tools bring all of this info into one place to administer you complete visibility into AWS services.

ii. Microsoft Azure
Azure is one of the biggest providers of cloud services and is growing fast. Azure provides various monitoring tools to give user complete visibility. List of some monitoring tools offered by Azure are:
· Analysis Services Servers
· App Services
· API Management Services
· Backup
· MySQL Server
· Linux VMs
· Site Recovery
· Storage Account

iii. Google Cloud
Google Cloud Platform monitoring tools provides simple way to monitor performance. Examples of Google Cloud Platform Monitoring Tools are:
· Compute
· Storage
· MySQL
· PostgreSQL
3. Advantages and Disadvantages of Cloud Platform

There are many cloud platforms that offered by a lot of companies for development, management, and deployment of applications. Each of the cloud platforms have their advantages and disadvantages.

Amazon Web Services (AWS)

	Advantages
	Disadvantages

	Easy to use for beginners


	AWS dashboard difficult to use for beginners 


	Unlimited capacity
High fault tolerance
Storage simplicity

	Price hard to justify
Expensive price


	Lot of documentation and community support available
	Difficult to find documentation



			Table 1 : Advantages and disadvantages of AWS

Google Cloud Platform

	[bookmark: _Hlk61988547]Advantages
	Disadvantages

	Good pricing
	Expensive support fee


	Different storage classes : Regional (frequent use), Nearline (infrequent use) and Coldline (long-term storage)

	Complex pricing schema


	Many regions available (North Ameria, South America, Europe, Asia and Australia)

	Expensive for downloading data from Google Cloud

	Easy to integrate with other Google Cloud Services (Kubernetes Engine, App Engine or Compute Engine)

	


			Table 2 : Advantages and disadvantages of GCP

Microsoft Azure

	Advantages
	Disadvantages

	Strong security profile.

	Requires management to make it effect


	Good scalability options

	Slower speed


	Any framework, language, or tool is available

	Requires Platform Expertise


	Provide a rich set of artificial intelligence services
	


		Table 3 : Advantages and disadvantages of Microsoft Azure


DigitalOcean

	Advantages
	Disadvantages

	Easy to set up and use

	Slow responses from DigitalOcean support without additional support plan.


	Low cost and reliable

	Expensive for DBaaS options.


	Provide public forums as official help articles. 

	Limited products : Kubernetes product, which was offered by cloud computing competitors


	Provide great developer community and a lot of support docs/tutorials

	Limited regions


	Fast speed
	No GPUs 

	Amazing UI : clear, intuitive UI 
	


Table 4 : Advantages and disadvantages of DigitalOcean



As a student of course graphic and multimedia software, the best choice of a cloud service provider for software development is DigitalOcean. There are a lot of advantages of DigitalOcean especially easy to set up and use. It is friendly to beginner. DigitalOcean also provide public forums and there are a lot of official help articles to help users develop software. Although it is slow to getting responses from DigitalOcean support, DigitalOcean provides great developer community and users can get a lot of support docs and tutorials from there. Then, users can do a project without customer support.As a student,cost of DigitalOcean which is reasonable suitable to beginner because it is lower compared with another platform.DigitalOcean provides a lot of clear and intuitive UI for users.However, the price of DBaaS options is expensive.DigitalOcean provide limited products and regions compared to AWS and Google Cloud Platform but they are introducing the new data centers.Besides that, DigitalOcean does not offer cloud computing instances that have GPUs.



4. CONCLUSION

This paper analyze the details for cloud computing and focus on their advantages and disadvantages. By doing this research, it is clearly shown that nowadays, we have many different types and name of cloud computing provider. Each one of them have their own good and bad sides. Based on the data that we have collected, we also give our opinion as a graphic multimedia students, on which one is the most efficient cloud computing that we can use. We have to consider many criteria such as the price, speed, security and many more. Cloud computing can be very useful for us in the coming years. It can be very useful in various ways. For example, in businesses, they may employ cloud computing. Some users retain all cloud apps and data, while others use a hybrid model, retaining private servers for certain apps and data, and some on the cloud.
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