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Abstract – Nowadays the number of Cloud computing
service providers which are providing various services for
users are increasing dramatically. These service providers
attempt to make several facilities for their consumers or
users such as data saving, sharing with others or running
their applications with the help of cloud computing resources
such as software which are installed in the server of cloud
computing. Therefore, users in all around of the world are
able to connect through the network to cloud computing
service and use ‘on-demand’ and ‘pay-per-use’ various
services which are providing by these service providers. One
the services that are available through the cloud computing
servers, is different software which are installed in the
servers of cloud computing and can be rented and use by
users from any point of the world and use for running their
various applications. In this paper, we attempt to discuss
about existing models for estimating the cost of software
which are providing for users by cloud computing service
providers and compare their advantages and disadvantages.
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I. INTRODUCTION

Cloud computing has become widely used method for
providing various types of services for users and
consumers in all around of the world. It is providing
facilities for saving users’ favorite files, documents or
resources in cloud computing servers and these servers can
be locate in various areas or states in a country or in world.
Further, users can be access other users’ data or
documents which are shared with others from anywhere or
share their own data, files or documents through the cloud
computing servers. The other usage of cloud computing
services is, providing possibility for users that can run
their own applications though the software which is
installed in the server of cloud computing, therefore, these
users can be save cost of purchasing or installing this
software in their own personal computers.

Cloud computing service providers, giving services for
users or their consumers by charging some amount of
money which can be the amount of these money depend
on the amount of memory that is using by users (pay-by-
use) or pay-by- demand.

Cloud computing supports grid computing’s
infrastructure. One of the main applications of grid
computing is in economy and business purposes. It
provides several resources or services for users. Further, it
has less capability or flexibility in compare with cluster
and cloud computing.

Cloud service providers are spending a lot of cost for
website creating and development, purchasing or
developing software, maintenance of various services
which they are providing for users. Therefore, they
attempt to recover some of these costs by asking from
their users to pay cost based on their services usage or
memory use for saving or sharing their data or programs.
Cloud computing service providers should be making
balance between cost, resource requirements or usage and
time. Several cost models are proposed to determine costs
of different services. Some of these models are discussed
in this paper.

The remaining of this paper is organized in five
sections. Section two includes basic concepts related to
cloud computing. Section three presents several proposed
models for estimating the cost of software providing or
development in cloud computing and the advantage and
disadvantage of each one of these models. Section four
shows some challenges which exist in estimating cost of
software development in cloud computing.  Finally section
five summarizes the paper.

II. BASIC CONCEPTS

In this section, the some concepts related to cloud and
grid computing are discussed.
A. Cloud Computing

There are several definitions for cloud computing that
are defined by several researchers [1],-[5]. Some of these
definitions are mentioned here.

Cloud computing is a model which is providing
possibilities for accessing the share data in cloud
computing configurable servers by the help of network
infrastructure specially Internet or Internet [1].

Researchers in [3] defined cloud computing as a service
that allows users to share their own favorite data and
resources in distance computers or servers [2].

Cloud computing is a way for sharing different types of
data including image, text, video and etc. through the
social network websites with other users [3].

Cloud computing is very hot research area which is
defined as a development of parallel, distributed and grid
computing facilities [4].

Berardi [5] defined Cloud Computing as a large scale
distributed computing paradigm and as a pool of storage,
computing power, dynamically scalable or visualized
services which are delivered to users or external customers
based on their demand.
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The other researchers [6] defined Cloud computing as a
new technique, which is development of integrated grid,
distributed and parallel computing.
B. Various Service Providing by Cloud Computing

There are different types of cloud computing models
exist including Data-as-a-Service (DaaS), Security-as-a-
Service (SECaaS), API-as-a-Service (APIaaS), Desktop as
a Service (DEeeS), Data as a Service (DaaS), Storage as a
Service (STaaS), Environment as a Service (TEaaS),
Platform as a Service (PaaS), Infrastructure as a Service
(IaaS), Software as a Service (SaaS) and etc. But only
three types of these services are popular and providing by
all cloud computing service providers, that are, Platform
as a Service (PaaS), Infrastructure as a Service (IaaS),
Software as a Service (SaaS)[7], therefore, we discuss
only about this three services in this part.
Platform as a Service (PaaS):

In this type of service, cloud computing service
providers, create facilities for using operating system,
hardware and network infrastructures for users. The only
service which is not supported by these cloud computing
service providers, is software that is requires by users for
running their different application. In the other words, user
should be buy the required software for running
applications by own and install in own computer.

Interface as a Service (IaaS):
In this type of model, operating systems and software

are not providing by service providers for users.  In the
other words, only hardware and network facilities are
providing by cloud computing service providers for users.
Software as a Service (SaaS):

In this type of model, all requirements for running
applications are providing by service providers including
software for running different applications, operating
systems, hardware and etc. Fig. 1 shows the cost spending
for providing SaaS infrastructure.

The cost spending for cloud computing SaaS in Asia is
shown in Fig. 2.

III. MODELS FOR COST ESTIMATION IN

SOFTWARE PROVIDING OR DEVELOPMENT ON

CLOUD COMPUTING

Cloud service providers ask users to pay cost based on
their services usage or memory use for saving or sharing
their data or programs. Since they are spending a lot of
money for creating cloud services for their users [8].
There are several models which are proposed for various
costs that are existing for cloud computing service
providers. Some of these costs and the proposed models
for estimating their cost are presented in below.

Fig.1. Cost Spending for Providing Saas Infrastructure [32]

A. Cost of Providing network and Internet
infrastructure

For their users of consumers that they can use this
infrastructure for connecting cloud servers or use the
various cloud services. Authors in [9] proposed a
methodology named as Cloud Migration Point (CMP)
which is used for estimating cost for exchanging data
between computers in home and also servers of cloud

computing in distance locations, cost of providing
different services such as IaaS, PaaS for users, cost of
exchanging code, installing software, connection changes
or database changes between different systems, the
complexity of migration data through the network. CMP
methodology is used two main factors including internal
and external factors, for estimating cost for migration of
services. Fig. 3, shows infrastructure that needs for cloud
computing connection.
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Fig.2. Cost Spending for Cloud Computing Saas in Asia [32]

Fig.3. Infrastructure Requires for Cloud Computing Connection [32]

Internal factors measures the size and complexity of
projects in exchanging data or services between various
systems. This factors are the main essential factors that are

applying in each environment on the predicting cost of
data exchange processes. The cost spending for cloud
computing infrastructure is shown in Fig. 4 [32].
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B. Cost of providing server spaces or memory
For users to save their data, knowledge and information

or share with other users.
C. Cost of providing software or other resources for
users

That can run their own applications with the help of
these software without requirement for installing these
software in users’ own machines.

Estimating or Predicting the cost of software developing
is different from other resources. Since, other products are
developed only once and replaced or replicated in favorite

time’s simple physical processes. However, software
development requires many people including management
and technical team that work with together and develop
software. Several factors effects on estimating of the cost
of software which is developing such as: the size of the
collected data, the required cost for preparing data for
analysis, total number of source lines of the code, cost of
personnel or technical committee that are using in the
software developing project and etc. Further, it is requires
to make estimations for some development steps that may
require different approaches.

Fig.4. Cost Spending for Cloud Computing Server [31]

Several research works attempt to estimate the cost of
resources that are available in cloud computing servers
[10]. Authors in this paper proposed a model for
estimating cost of using different resources or fully cloud
resources usage. Authors in this paper, proposed a model
for estimating and monitoring cost for providing real time
computational science and engineering (CSE) applications
for users by cloud computing service providers. The cost
requires for providing software for cloud computing by
various companies is shown in Fig. 4 [31].

COCOMO (COnstructive COst Model) is proposed by
Bohem [11], [12] which is works in different software
environments for creating rapid application development.
This model is based on function points and a set of five
scale factors and seven efforts multipliers. This model is

using source lines of code, function points for the sizing
parameter, a set of 17 efforts multipliers and a set of five
scale factors which is useful for determining the economic
scale of software under development.

Jensen [12] proposed a model named as SEER‐SEM
which is driven from COCOMO model and it has
mathematical formula. This model can be used for
estimating hardware and software cost. This model covers
all phases of software development lifecycle including
software design, development, delivery and maintenance.
This model is able to estimate the requirement cost in
different environments and it is able to estimate software
development cost for scheduling, staffing and other
process during software development life-cycle.
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Fig.5. Cost Spending for Providing Cloud computing in Various Companies [31]

Dhal [13] proposed a model for estimating cost of
software maintenance in cloud computing. This paper used
14 major cost drivers in cloud environment. This proposed
model is used for finding the service cost. In this model,
the total resources which are allocated in system for
special service is considers for estimating cost requires for
software maintenance. Pricing for storage, boundary of
network and data transfer count are important factors for
estimating cost of software maintenance.
D. Cost of Website creating or development

Websites require to create one time only but need
several updates therefore, based on the period of updating
or maintenance, estimating cost is requires for future
efforts.
E. Cost of dynamic allocation of shared resources

Several authors proposed various models for estimating
cost of dynamic allocation for resources and their
performance [14]-16]. Authors in [14] proposed a dynamic
cost estimation model for allocating shared resources.
They made a framework for proving performance and
accuracy of pricing formally.  An autonomic pricing
method for estimating cost of resource usages by users is
proposed by authors in Yeo et al. [15]. The other cost
estimation model for resource pricing and allocation
policy in cloud computing is proposed by authors by
authors in [16]. They proposed a model for predicting the
cost of resource requirements or usage in future. These
authors attempt to solve multi-user equilibrium allocation
problem by the help of game theory. They predict cloud
service price by using integrated budget and deadline
conditions. They made a framework for creating
experiments.

An economic model is proposed by authors in [17] for
improving querying service of large datasets and
estimating the cost of providing network bandwidth or
sufficient disk space or CPU for users. Authors in [18]
proposed a formula for calculating total cost of ownership
(TCO) for services and calculating cost spent for creating
or maintaining cloud computing services.  Authors
proposed a model for estimating the cost of providing
various resources or services including network, server,
maintenance, power, cooling, support and etc. The cost of
dynamic utility of cloud computing services also is
estimated with the help of model which is proposed by

these authors. A web calculation tool is proposed for
analyzing the effect of various metrics for predicting the
final cost of different services.

For the purpose of help to cloud computing service
providers to estimate the amount of charging which is
requires for providing supercomputing services, authors in
[19] proposed EC2 charging model and applied this model
for supercomputing resources which are providing by
Amazon service provider. In this model, they used data
traffic and computational time for estimating the required
charging cost.

Some authors attempt to make tools for comparison of
required cost for leasing CPU time and using a local server
for saving data. Authors in [20] made a models named as
Net Present Values (NPV) which is used for deciding
about leasing or buying resources based on their cost
charging. They considered market situation for helping to
take decision regarding buying or leasing CPU or other
resources for cloud service providers. The other authors
[21], [22] presented models for helping regarding taking
decision using services provided by cloud computing
service providers or own computer or datacenter usage.
They used theoretical method for creating a framework for
evaluating and comparing cost in these two cases
whenever we have dynamic system.
A. Challenges for customize and emergency
requirements, rapid modifications, Evolutionary
Improvements or Development

Currently with increasing the software usages and cloud
computing services, the need for new customized software
systems with different priority, objectives and constraints
is increasing. Whenever, the software requirement is
emergency instead of pre-specified, the cost estimation is
main issue for developing these software systems. Some
solutions for handling these challenges are proposed such
as [24], [25]:

Improving the capabilities for estimating requirements
during software systems development by improving data
collection and analysis.

Reusing existing software systems for creating or
developing new software

Using an Incremental Development Productivity
Decline (IDPD) factor, or perhaps multiple factors varying
by increment or subsystem.
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B. Net-centric Systems of Systems (NCSoS)
In developing software components for using in NCSoS

environments, change in interfaces between the software
component and internal or external NCSoS systems, is
adding an extra efforts. The amount of these efforts are
depend on the complexity, dynamicity, capabilities and
independently –evolving systems. However, there are
various cost estimation models for estimating the cost in
this cases [25], [26]. Some of these efforts are, adding
coordination efforts across the NCSoS, having separate
models for estimating the systems engineering or NCSoS
component system development [25] or NCSoS
component system integration for estimating the cost of
development. However, making the high accuracy
estimation of exact cost for changing or developing the
NCSoS is the main challenge.
C. Model-Driven and Non-Developmental Item
(NDI)-Intensive Development

Some open source components, software and purchased
software such as cloud services are made or developed by
model-driven development and non-development Item
(NDI) approaches [26], [27]. Some of these products are
cost effective, but they have several cost estimation
challenges such as: the size of NDI components are useful
or useless for estimation except for open source software
systems and etc.
D. Ultrahigh Software Systems Assurance

There are several challenges for cost estimation for
creating or developing software systems in medical,
political, business and private areas. Since these software
systems require a very high amount of security and
functionality. Therefore, one of the main challenges for
ultrahigh-assurance software is that it requires extra
functionalities such as security, communication
capabilities, data protection and etc. However, different
components or special systems may need to overcome
these issues [28], [29].
E. Legacy Maintenance

Only few number of software systems create from
whiteboard because most of the software systems are
coming just with developing the existed software systems.
Therefore, most of the new software systems are produced
by changes in legacy systems and these software systems
requires maintenance services continually [30].
F. Agile and Kanban Development

Workflow management techniques are used for
estimating the maintenance cost for software systems.
Kanban and Agile are two techniques which are used for
this purpose. There are some advantages for using these
techniques, such as:

These techniques are simple and need some stages for
estimating the cost of software systems development.

The cost estimation process is fast and there is no need
for long scheduling.
There are challenges regarding continues development and
change capabilities which requires large amount of efforts
and accuracy rate also is big issue in this matter.
G. Integrating all  before Discusses Challenges at
the Large-Projects or Enterprise Level

Big projects require to answer the competitive threads or
inflexible environments, therefore, may be crease user-
unfriendly systems. In the other words, creating sub-
systems and recognizing the requirements or applying
various cost estimation methods for each sub-system is the
best way for solving complexity or difficulty for cost
estimation in these large projects. However, there are
several challenges in real-time complex systems regarding
security issues and development requirements cost
estimation.

IV. CONCLUSION

Currently cloud computing provides facilities for users
all-around of the world, including software, server, various
resources, network infrastructure and etc. Some of the
services which are providing by cloud computing service
providers are free of charge and some of them require
money cost based on their amount of usage or duration of
usages. Therefore, estimating the cost in each stage is
essential for creating and maintaining various services for
users. For this matter, several methods are proposed by
researchers. We mentioned some of these models in this
paper based on the resources which are providing by cloud
computing service providers. Further, some of the main
challenges which are exist on estimating the cost of cloud
computing services also discussed.
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