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ABSTRACT 
Cloud computing is a revolutionary technology. It has substantially marked its presence in the computing arena. It offers a 
variety of features to clients in the form of pay as you model, outsourcing, elasticity, scalability, and virtualization etc. Cloud 
services are available to clients in three flavors: Infrastructure as a Service (IaaS), Platform as a Service (PaaS), Software as a 
Service (SaaS).  In this article, we first explore the various service models of a cloud.  We also discuss some emerging cloud 
services. Then we explore the various parameters of cloud computing environment within the context of IaaS and SaaS cloud 
services. We explore the various actors in the cloud environment and their interactions with each other. The dynamics of 
complex cloud environment are discussed.  
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1. INTRODUCTION 
Cloud computing is an emerging paradigm. According to National Institute of Standards and Technology (NIST) 
Cloud computing is a model for enabling ubiquitous, convenient, on-demand network access to a shared pool of 
configurable computing resources (e.g. networks, servers, storage, applications, and services) that can be rapidly 
provisioned and released with minimal management effort or service provider interaction [1]. Cloud services are 
available to clients in three flavors: Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software as a 
Service (SaaS). In IaaS service model, the tenants are offered virtualized resources on a subscription basis by cloud 
service provider (CSP). The CSP produces the bill of tenant based on the usage of virtualized cloud resources by the 
users of the tenant. IaaS service is offered by various CSPs like Amazon EC2, Microsoft Azure etc. PaaS service model 
offers application development tools and execution framework to users. There is no need for users to buy software and 
their licenses. They can use the application development tools on a subscription basis. Various PaaS service providers 
are GoogleApp Engine, Microsoft Azure etc. SaaS service model is very popular service model. Under this service 
model, the users are offered applications (Apps) to use. Users can use Apps to interact with the CSP. The CSP in this 
model creates a public cloud for public usage e.g. facebook, Twitter etc. Various new service models are also emerging 
e.g. Business Process as a Service (BPaaS). In future, it is also predicted that cloud would serve all services to clients 
and it gives rise to Anything as a Service (XaaS). Cloud computing is proving as a boon for small and medium sized 
organizations. These organizations will not have to invest in procuring infrastructure, employing professionals to 
handle in-house IT and developing applications to serve their clients. They can get all the services at their disposal by 
paying for services. Various proprietary cloud computing players like Microsoft, Google, IBM and Amazon etc. have 
deployed their clouds to provide services to clients. They provide services to users on pay as you go model. The services 
can be scaled up and down according to requirements. Open cloud platforms like OpenStack, Eucalyptus, Nimbus, and 
Nebula etc. are also available in the market. These open platforms are gaining popularity and organizations are using 
these open platforms to deploy their own private clouds.  
The rest of the paper is organized as follows: Related work is discussed in section II. Literature is reviewed within the 
context of the cloud environment and various service models of the cloud. In section III, we explore the various types of 
cloud services and the various providers providing these services. We also explore some emerging types of cloud 
services. In section IV we explore the cloud environment within the context of IaaS and SaaS service model. The 
various entities participating in the cloud environment, their linkages with each other, and the movement of requests 
and data within the environment is explored. Finally in section V, conclusion and future scope are listed. 
 
2. RELATED WORK 
To provide optimal services to clients, study of the cloud environment is required. Literature is reviewed within the 
context of cloud services and cloud environment. 
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In [2] author has explained cloud computing, service models, and deployment models. Three types of services are 
discussed: IaaS, Paas and SaaS and four deployment models are listed Public cloud, Private cloud, Community cloud 
and Hybrid cloud. They explained the characteristics and the architecture of cloud computing. 
In [3] authors have explored the pricing models of cloud computing. They compared the pricing model techniques and 
indicate the advantages and disadvantages of each. They base their comparison on various aspects like fairness, pricing 
approach and utilization period. The results indicate that most approaches are theoretical and not implemented in the 
real market, and these approaches are tilted more towards the service provider. 
In [4] authors have surveyed cloud computing and explores the security issues related with cloud data. They discuss 
about Playfair cipher, Proxy re-encryption, and Railfence techniques. They also discuss about various practices for 
cloud security and data integrity. 
In [5] authors have identified the features of SaaS. They found that traditional quality model does not consider features 
of Saas like security and quality of services. They propose a new quality model for security, quality of services, and 
software quality for software as a service. The results obtained are used as identification for SaaS quality management. 
In [6] authors have presented a comprehensive survey of current services offered on the cloud. They have explored 
eleven categories of services. They have also listed the various famous cloud service providers providing these services.  
In [7] authors have explored security challenges in cloud computing paradigm. These challenges include client’s secret 
data loss, data leakage and disclosing the personal data. They explore the various issues in privacy and security of data 
on the cloud and discuss various opportunities in security and privacy in the cloud environment. 
In [8] authors have discussed security issues in various service models of cloud computing. They found that security is 
one of the major bottlenecks in the success of cloud computing services. They surveyed various security threats specific 
to different service models of cloud computing. 
Most of the work has been done on exploring various types of cloud services and security and privacy challenges 
associated with cloud services. To the best of our knowledge, study of the cloud environment and its dynamics is less 
explored. In this paper, we first explore the various service models and their providers and then we explore the cloud 
environment within the context of IaaS and SaaS service model.  
 
3. CLOUD SERVICE MODELS 
Cloud services are offered to clients on a subscription basis. Cloud services are broadly classified into three main 
categories: 

1. Infrastructure as a Service (IaaS) 
2. Platform as a Service (PaaS) 
3. Software as a Service (SaaS) 

It is also called SPI model (SaaS, PaaS, IaaS) of cloud computing services.  As shown in figure 1 below [9] 
 
3.1 Infrastructure as a Service (IaaS) 
IaaS service is very popular cloud service. Under this service model, virtual resources and infrastructure are offered to 
tenants on a subscription basis. The tenant procures the cloud resources as per requirement and pays as per their usage. 
As shown in the figure, the CSP manages the networking, storage, and servers etc., while the tenant loads operating 
system, data and applications for the usage of its clients. IaaS providers provide highly scalable resources that can be 
scaled up and down on demand. It enables the organizations to eliminate the capital expenditure to deploy in-house 
hardware and software. It is proving as a boon for small and medium sized industry.  There are various players in the 
market providing IaaS Services to clients. Leading players are Amazon EC2 (Elastic Compute Cloud), Microsoft 
Azure, IBM SmartCloud Enterprise, Google Compute Engine and Rackspace Open Cloud etc.  
 
3.2 Platform as a Service (PaaS) 
Platform as a service (PaaS) is a category of cloud computing services that provides a platform allowing customers to 
develop, run, and manage applications without the complexity of building and maintaining the infrastructure typically 
associated with developing and launching an app [10]. PaaS makes application development its testing and deployment 
quick, easy and cost 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 5, Issue 6, June  2016              ISSN 2319 - 4847 
 

Volume 5, Issue 6, June 2016                                                                                                Page 94 

 
Figure 1 Cloud Service Models 

 
effective. As shown in the figure above, the provider manages the networking, storage, servers, virtualization 
technology and operating system while the client creates the application by using the framework provided by the 
provider.  The client has control over the deployed applications and its configurations settings. Various PaaS providers 
are Amazon web services, Google App Engine, Microsoft Azure, salesforce.com, and Flexiscale etc. 
 
3.3 Software as a Service (SaaS) 
SaaS is the most popular service model of cloud computing. Software as a Service is a software 
licensing and delivery model in which software or applications is licensed on a rental basis and is centrally hosted. It is 
sometimes referred to as “on-demand software”. The client uses either a web browser or electronic gadget to access 
SaaS service. SaaS has become a common delivery model for many business applications, including office and 
messaging software, payroll processing software, DBMS software, management software, CAD software, development 
software etc [11]. As shown in the figure above, everything from networking to applications is the responsibility of the 
provider. The user uses a thin client device like a mobile or web browser to access services. Various SaaS players 
include  Facebook, Twitter, WhatsApp, CloudSwitch, and CloudTran etc. In SaaS service model, instead of installing 
the applications, the users use it via the internet and free itself from software and hardware management. The 
application runs on SaaS providers servers. The provider is solely responsible for the maintenance and up gradation of 
application.  
 
3.4 Emerging Cloud Services 
Various new types of cloud services are emerging. These are: 
 
3.4.1 Business Process as a Service (BPaaS) 
BPaaS is an emerging service model of cloud computing. In this service model, rather than shifting the entire 
traditional IT infrastructure to the cloud, a portion of the business is migrated to the cloud. e.g. an educational institute 
can outsource its fee collection process on the cloud or an organization can outsource its e-auctioning activity to the 
cloud. The organizations outsource those processes on the cloud which are difficult to handle by in-house IT and which 
needs technical expertise and high-end infrastructure. Most of the organizations opt for BPaaS before migrating 
entirely to the cloud environment. 
 
3.4.2 Governance as a Service (GaaS) 
GaaS is a novel way to deliver services to the public. To handle ever increasing user requests for public service and to 
automate the process, most of the governments are migrating public services infrastructure to the cloud. The public uses 
a thin client to access the public services via the internet. e.g. booking of rail tickets, paying off electricity bills, 
telephone bills etc. GaaS is becoming popular service model of providing services to millions of users in quick, cost-
effective and efficient manner.  
 
3.4.3 Storage as a Service (StaaS) 
StaaS allows the user to store data or information remotely and access the information at any place on demand. The 
processing of requests is done at the remote server. There are various companies offering these services to clients. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 5, Issue 6, June  2016              ISSN 2319 - 4847 
 

Volume 5, Issue 6, June 2016                                                                                                Page 95 

These include DropBox, AT&T, Google Drive, Amazon Cloud Drive, Microsoft One drive etc.. Some of these vendors 
provide these services on charged basis while some others on a free basis.  
 
3.4.4 Integration as a Service (InaaS) 
Cloud platforms are either proprietary or open platforms. Proprietary platforms include Google App Engine, Microsoft 
Azure, Amazon Elastic Compute cloud (EC2), and IBM SmartCloud etc.. Open platforms include Openstack, 
Cloudstack, Eucalyptus, Nimbus, and nebula etc.. The applications developed for one platform are not workable in 
another cloud platform. This results in vendor lock-in. InaaS is the ability to provide a complete integration package 
that allows clients to develop, maintain and manage custom integrations for different cloud platforms[6] so that cloud 
portability can be enhanced and vendor lock-in is prohibited. Various players providing these services include 
CloudSwitch, Dell Boomi, and MuleSoft etc.  
 
3.4.5 Testing as a Service (TaaS) 
Cloud applications, web-sites, and other systems need to be tested before they are actually deployed in a real cloud 
environment.  TaaS gives the ability to test cloud-delivered systems or web-sites by using remotely hosted testing 
software and hardware [6]. The testing results indicate the suitability of application or cloud systems to be hosted in a 
real cloud environment. The various players offering TaaS service includes SOASTA and PushToTest. 
 
3.4.6 Anything as a Service (XaaS) 
Cloud computing is the platform to deliver numerous services to clients in quick, cost-effective and efficient manner. 
There are various other services that can be delivered to clients by using cloud computing. These services include 
Security as a Service (SeaaS), Database as a Service (DaaS), Information as a Service (InaaS), and Desktop as a Service 
(DeaaS) etc.. Various new services can emerge with the passage of time. This gives the concept of Anything as a 
Service (XaaS) i.e. cloud platforms can be used to deliver any service to users.   e.g. services like disaster recovery as a 
service, marketing as a service and healthcare as a service etc.. XaaS is dependent on robust cloud platforms and 
reliable and secure internet connectivity. 
 
4. CLOUD ENVIRONMENT 
The term cloud computing is a metaphor for internet computing. The services on clouds are made available to users via 
a private cloud, community cloud, public cloud or hybrid cloud. In public deployment model, cloud services and 
applications are made available to general public.  Public cloud is more prone to security threats because it is open to 
public use. In private deployment model, cloud services and applications are made available to users of a particular 
organization. Private cloud is less prone to security threats because it is only accessible by the users of the organization. 
In community cloud model, cloud services and applications are accessible to a particular community. Hybrid cloud 
could be a combination of a public and a private cloud. In this deployment model, the critical activities are performed 
by using private cloud while the non-critical activities are performed by using the public cloud. Cloud environment is a 
dynamic and complex environment. It is dynamic because the user requests in the cloud environment are varying with 
the passage of time. During off-peak hours, the user requests are low, and hence cloud resources are underutilized, but 
during peak hours the user requests increase manifold and the cloud resources are overloaded.  The environment is 
complex because it involves various players e.g the users, the tenants, and the provider. The interactions between these 
players, the movement of requests in the cloud environment, their processing and storage add complexity to the cloud 
environment. The various entities participating in the cloud have various demands and requirements at different 
intervals of time and hence become the parameters of cloud environment. Cloud environment parameters can be the 
performance parameters or the parameters associated with entities of the cloud environment. In this article, we are 
going to explore the various players of the cloud environment and their associated parameters. Cloud offers various 
benefits to clients.  These are:- 
 Cost effective: The services on the cloud are offered to clients on pay as you go model. The resources are pooled 

among multiple tenants and it leads to optimal usage of resources leading to cost effectiveness. The maintenance 
and up gradation of infrastructure and software is the responsibility of cloud service provider.  

 On-demand self-service: The services on the cloud are made available to the user on demand basis. The users can 
switch on and off the services as per their requirement. This feature is similar to electricity or another utility usage 
i.e. the user can turn the service on and off whenever required    

 Scalability: The users of cloud can scale up and down the resources as per requirement. The process of scaling the 
resources is automatic and does not require any manual interactions. This feature of the cloud is very important 
because in a traditional environment the user can scale up the resources by investing in resources and scale down 
the resources by switching them off which leads to wastage and inefficient use of resources. 

 Efficiency and Reliability: The resources on the cloud are pooled among multiple users. Resource pooling allows 
efficient use of resources. The services offered to clients on a cloud are more reliable because they are designed 
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keeping in view of their usage by millions of users. The state of art technology is used to develop cloud services 
which make them more robust and fault tolerant.   

These benefits and various other features of the cloud are attracting users to migrate from traditional computing model 
to cloud computing model.  
 
4.1 IasS Cloud Environment 
The diversity of services provided on the cloud appeals to study the various service environments to explore the various 
aspects of that environment. IaaS service environment is the model in which cloud environment is studied within the 
context IaaS service. The IaaS cloud environment includes three entities. These are: 

1. Cloud service provider (CSP): The CSP provides services to multiple tenants offering them to use its resources  
to upload their applications and services. The tenants can scale up and down the resources as per requirement. 

2.  Tenant: Tenant is an entity in the environment which uses the resources of CSP on a rental basis. The tenant uses 
the hardware, storage and networking resources of CSP to upload its application and service on the cloud. 

3.  Users: Users are the actual users of cloud applications and services. They use the services and applications of their 
respective tenants on the resources of CSP. The users download the app provided by the tenant on their gadgets 
and interact with the cloud servers using the app.  

 
As shown in figure-2 below, the cloud service provider is offering resources of n number of tenants which are sharing 
the resources. Each tenant has a number of users accessing applications and services on the cloud e.g. tenant1 has p 
number of users accessing the application hosted on the cloud and tenant2 has q number of users etc. In multitenant 
environment, access to applications by users, data segregation, data security, tenant billing etc. is the responsibility of 
cloud service provider. The tenant only maintains the application and services as per need arises. 
 

 
Figure 2 IaaS Cloud Environment 

 
In a multitenant cloud environment, various tenants upload their services and data on the cloud resources. They share 
the resources of the CSP. The CSP enters into a service level agreement (SLA) with various tenants regarding Quality 
of Services (QoS) parameters. The SLA mentions the response time, cost and various other parameters, that should 
become the framework for providing services. The CSP will have to provide services to tenants according to SLA. 
Different tenants have different types of requirements e.g. some applications are compute intensive while some are data 
intensive. Depending upon the requirement of tenants, the SLA is being prepared and the cost of providing services is 
calculated. Data redundancy i.e. backup of data of tenants, data segregation i.e. avoiding overlapping of data of 
multiple tenants in the cloud environment, data privacy i.e. maintaining the secrecy and privacy of tenant data in the 
competitive environment and smooth access to applications is the responsibility of the provider.  
The Interactions between the cloud user, the tenant and cloud service provider is depicted in figure 3. The cloud user 
uses the cloud App provided by the tenant to send the authentication request to the tenant. The tenant upon receiving 
the request authenticates the user based on the data supplied by the user. Once the user is authenticated, the user sends 
the data or compute request to the tenant for processing. The tenant router routes the request of the user to the cloud 
service provider for processing. The user uses the Cloud App to access the cloud resources. Depending upon the 
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availability of resources the user request is either buffered or directly sent to resources for processing. Cloud resources 
process the request of the user. The monitor entity monitors the QoS parameters as agreed in the service level 
agreement. The monitor instructs the scaler to scale up and down the cloud App instances to meet the dynamic 
requirement of the user and to optimize the resources. The Meter/Billing entity automatically generates the bill based 
on the usage of resources. Different cloud service providers offer various plans to the tenants depending upon their 
usage requirements. The tenant can monitor the billing, usage, and various performance parameters by using automated 
services provided by the CSP. The tenant can scale up and down the resources dynamically, depending upon its 
requirements. The cloud admin entity administrates the overall working of the cloud 
 

 
 

Figure 3 Interactions between Cloud user, Tenant and CSP in IaaS Cloud Environment 
 
4.2 SasS Cloud Environment 
Software as a service is the most popular service model of cloud computing. In this service model, an application is 
provided to the cloud user to interact with the resources of the service provider. e.g. social networking sites like 
facebook, twitter, and WhatsApp etc. provides an app to its clients. The clients use the app to interact with the 
resources of the CSP. In this category the cloud users are directly attached with the CSP, CSP supports millions of users 
and processes the request of the clients as per their requirement. In this service model, everything from application 
maintenance to networking is the responsibility of the CSP. Generally, the service provider provides services to clients 
free of cost and generates finances through advertisement and various other aspects. The SaaS cloud environment is 
shown below. 

 
Figure 4 SaaS Cloud Environment 
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As shown in the figure, N cloud users are directly attached with the CSP through the internet. The cloud user is a thin 
client and can use devices like smartphones, gadgets, laptops etc. to access the resources of CSP. CSP supports millions 
of user. The cloud user downloads the application of CSP and interacts with the cloud resources through an App. The 
user supplies a username, password and other authentication parameters as required by CSP for a successful login. 
Once the user logs into the cloud, the user uses the resources of the cloud through the application.  
   
The next figure shows the of process request processing by the cloud service provider: 

 
 

Figure 5 Request Processing in Cloud 
 
The cloud user sends the request through the app to the cloud service provider. The request can follow three different 
routes. The request enters into running state directly if the resources are available to process the request, otherwise, it is 
buffered and wait for its processing. Once the resources are available the request is processed and terminated. It is also 
possible that buffered requests timed out waiting in the queue and terminated without running.   The request can also 
be rejected if the cloud resources are overloaded and the request timed out. 
 
5. CONCLUSION AND FUTURE SCOPE 
Cloud computing is a novel technology. It enables the small and medium sized organizations to take benefit of internet 
technology to flourish their business. Cloud services are offered to clients in three different ways: IaaS, PaaS, and SaaS. 
The study of these services and their corresponding cloud environment is required to understand the dynamics of the 
cloud environment. 
In this article, we first study the various types of cloud services. We discuss three main service models of cloud and 
discuss some newly emerging services on the cloud. Then we explore the cloud environment within the context of IaaS 
and SaaS service model. The various entities in the cloud environment, their linkages, and interactions with each other 
are explored. A comprehensive study of the cloud environment is done to understand the dynamics of the  environment.  
In the future, we would explore PaaS cloud environment and understand the various entities and their interactions with 
each other.  
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