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Abstract—Cloud computing is an IT paradigm that has off-premise facility from cloud service providers (CSP).
progressed successfully in some organizations and enterprisesCloud utilizes the core concept of virtualization and operates
across the world. Cloud users can leverage on the_fac_llltles using multi-tenancy. The services are provided remotely
available on the cloud to develop and deploy ap;_)l_|cat|ons. using a web browser or over the Internet. Cloud computing
Cloud providers also have software that can be utilized for . . . .

. ) makes it possible for large enterprises to migrate some
routine services by users already deployed on the cloud. The]c . h loud. whil I le busi
services provided by the cloud are scalable and available at a u-n.ctlons to the cpu » while S.ma sca e. .l-,ISIneSSGS can
utilize on—premise infrastructure which some consider cheaper and software cost. Cloud computing is a new evolution of IT
than migrating to the cloud. Migration to the cloud is believed services delivery from a remote location, either over the

to reduce or even eliminate the capital and operational expenses |nternet or intranet involving multi-tenant environment
of an enterprise. This paper examines present trends in the area engbled by virtualization.

of cloud economics and provides a guide for future research.

The_ study was executed b_y means of review of some Ilt_erat_ure Software—as-a-Service (SaaS), Platform-as-a-Service (PaaS)
available on cloud economics. In the present work, the objective

is to answer the following question: what is the current trend InfrastrL.Jctu-re-as-a-SerVIce (1aas). In-SaaS, th_e csp prO\{IdeS
and development in cloud economics? The finding is that a an application over the Internet that is accessible to multiple
balance of the supply and demand side of economies of scale ig/Sers utilizing the application simultaneously. Users do not
critical to cloud economics. Different pricing methods being have to worry about installation cost and licensing fees. In
adopted by CSPs is appropriate for the user in terms of choice. PaaS, the CSP provides a platform to enable users develop
and deploy an application. The user does not have control

Cloud computing has three primary types of service,

Index Terms— Cloud Computing, Economics, Cost over the underlying infrastructure, but has control over the
application and the hosting environment [2]. In laaS, the

|. INTRODUCTION CSP provides infrastructure for storage, computing and

kL LOUD computing is a model for enabling network. The core concept utilized is virtualization. The user

universal, on-demand and convenient networkas no control over the hardware, but controls the operating
access to a shared pool of configurable computing resoursystems, storage and the deployed application at a cost. laaS
(e.g., networks, servers, storage, applications, and servicasjl PaaS consumers are mostly enterprises, using the cloud
that can be rapidly provisioned and released with miniméb outsource their IT functions [2]. SaaS consumers are
management effort or service provider interaction” [1]individuals moving their email, social networking and
Vaquero [2] defines cloud computing as a large pool dfackup, word processing to the cloud [2]. That is migrating
easily usable and accessible virtualized resources suchdata, compute, content and entertainment needs to the cloud.
hardware, platforms and services. These resources canTiere are four cloud deployment models. Private, public,
dynamically configured to a variable load scale, allowing fotommunity and hybrid clouds. A private cloud is utilized by
an optimum resource utilization. This pool of resources Bn organization using in-house infrastructure. It can be
usually exploited by a pay-per-use model, in whicmanaged on-premise or off-premise. A public cloud
guarantees are offered by the infrastructure provider usipgovides infrastructure and services to the public. The
service level agreements. Cloud computing provides elastidrastructure is owned by the organization and services
and scalable services exploiting on-premise infrastructure @rovided at a cost. A community cloud is owned by several
organizations with shared common interest. The
, _ _ infrastructure may be managed by the organizations or a
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provisioning and flexible pricing, there are several cloudetail will be for consumers.
computing costs beyond instant price list to consider. Pricing Cloud accounting: a new business model in a challenging
usually involve storage, networking, load balancingcontext in [10] discusses a new business model known as
security, redundancy, backup, software services aidisiness accounting. This is in view of the fact that the rapid
operating system. Salaries and bandwidth are also issgeswth of cloud computing is impacting on the economic
associated with cost. environment. This has led to lowered cost and increased
According to the IDG 2016, Cloud Computing Surveyproductivity. Economic models for cloud service markets:
the average company was expected to devote 28% of itspfiicing and capacity planning in [11] examines the economic
budget to cloud computing in 2017 [3]. Enterprises plan tactivities of the public cloud providers in terms of nature of
invest an average of $30.4 million, while small scalapplication and QoS. Economic models were proposed in
businesses (SMBs) will spend $286,000. According to thterms of pricing and QoS, and also in terms of resource
2017 Cloud Migration Survey report by Amazon Welprovisioning. SMES’ perception on cloud computing
Services, two thirds of the companies surveyed estimate t@utions in [12] examines SMEs in terms of cloud
cost of migration to be more than $100 per machine [4]. Tlewmputing solutions and the attendant benefits. Certain
report also indicates that in 2017, the three top drivers fobservations were made and solutions were also proffered to
migrations are cost (23%), security and compliance (20%hhance SMEs utilization of the cloud. Cloud Computing for
and high available (18%). Countries are also investirigigher Education Institutes: Architecture, Strategy and
heavily in cloud computing. According to [5] China investedRecommendations for Effective Adaptation in [13] focused
$240m into SaaS in 2009, and India SaaS investmentan cloud computing utilization in tertiary education. The
2007 was $27m. The purpose of this paper therefore isgaper proposes five steps for seamless adoption of cloud
examine the economics of cloud computing. computing. It concludes that there will be reduction in IT
The focus will be on the economic benefits and economéfforts if cloud adoption is carried out. Equilibrium in cloud
of scales of cloud computing. The paper will contribute toomputing market in [14] examines the economic benefits of
further understanding of the economics involved in cloudloud utilization both in terms of the providers and the
The remaining part of the paper is organized as followsonsumers. The more the resources public cloud providers
Section 2 discusses related work; Section 3 examinage able to make available the better it is for the consumers.
economies of scale related to cloud computing; SectionThe economics of cloud computing on educational services
focus on current industry trend in the economics of cloud [15] discusses the economic impact of using the cloud to
computing; and Section 5 concludes the paper anuiovide educational services. Various services being
recommends future works. provided were examined and the benefits enumerated.

Il. RELATED WORKS I1l. EcoNowmics OFTHE CLOUD

The Economics of the Cloud in [6] discussed the economy After the review of cloud computing economics and
of the cloud with a view to utilizing the cloud and providingcurrent issues in literature, this sections discusses costs,
a good understanding of the future of the cloud. Varioywicing of cloud services, benefits and risks of clouds, and
aspects of cloud computing in terms of cost, benefits amdst or benefits models.
projections on the cloud was carried out. The Truth about

Cloud Economics in [7] briefly discusses the basis for theA' Cost, benefits and risks of Clouds

growth of cloud computing. It concludes with ways In [19] the authors described several types of Cloud
enterprises can adopt the cloud. To move or not to move: th@MPuting benefits such as economic benefits, staffing
economics of cloud computing in [8] examines the cost denefits and operational benefits. Some economic benefits to
cloud adoption. Important aspects relating to cloud adoptiG@nsider are fewer staff members needed, Cloud suppliers
was discussed with applicable cost by some cloud providef&n provide hardware in a much cheaper and faster time for
Suggestions were also offered in terms of options. ClodRe cloud providers and users. Operational benefits are
Computing in Developing Economies: Drivers, Effects antglated to the way the organization operate and some of the
Policy Measures in [5] examines the nature of clouBenefits include: reduced cost, increased storage,
computing in the developing countries. Various indices weHtomation, flexibility, better mobility, better use of IT staff.
used to analyze economic impact in some developir%taﬁi”g benefits in SaaS include benefits for the consumer
nations. Based on infrastructure issues the growth in clogld benefits for the provider [19]. The consumer benefits
computing utilization is not expected to be rapid. Théclude:

economics of cloud computing in [9] examines the impact of ¢ NO software installation or maintenance.

cloud computing on industries. Adoption of the cloud would * Shorter deployment time.

positively affect investment and growth in various economic * Worldwide availability.

sectors. There were suggestions from the European ¢ The vendor ensures that application is constantly
perspective on how to best encourage cloud adoption. The improved.

economics of cloud computing in [2] view the cloud in terms ~ The provider's benefits include:

of wholesale and retail cloud applications, hence such < Operating environment owning.

should be the terminologies used to refer to cloud services. ¢ Predictable revenue stream.

The term wholesale would be for large businesses, while the « Small and regular upgrades.
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» Customer relationship management. charge users using a simple pricing scheme, and fix prices
based on resource types. [24] advocated charging variable
Rosenthal et al. [20] examined how the biomedicgirices and providing guaranteed quality of service through
informatics sectors can leverage on cloud computing. Thélye use of advanced reservations, that guarantees access to a
concluded that for applications that are not 1/0O sensitive aw@mputing resource at a particular time in the future for a
do not demand a fully mature environment cloud computingarticular duration. The paper concludes that charging fixed
can sometimes provide major improvements. The goal pfices is not fair to both the provider and the users in the
their paper is to help decision makers at biomedicaloud computing environment. Providers could maximize
laboratories to understand how to access adequate clgedlenue by differentiating the value of computing services
services. Three major cost drivers of biomedical informatiqerovided to different types of users. In [25] a proposal of an
systems are system administration, idle capacity, and povesronomic model for a cloud cache suitable for the querying
usage and facilities [20]. The authors also identified sonservice of large scientific datasets was discussed. It is based
Cloud Computing qualitative benefits such as scalabilitgn a cost model that takes into account network bandwidth,
management, superior resiliency, homogeneity, and feweisk space and CPU time. Metrics and formulas for the
issues to negotiate with institutional authorities. Some risksilculation of cloud computing Total Cost of Ownership
are also shown which include: risks due to hackers, mulfifCO), that is, the cost of building and operating a cloud are
tenancy risks, and protections at virtual machine boundariegtesented in [26]. [26] defined a calculation model which
In [21] the authors discussed the concepts, benefits aghtains server, software, network, support and maintenance,
risk of SaaS and PaaS for mobile operators. Benefits fpower, cooling, facilities and real-estate cost. Another cost is
platform owner in SaaS are economies of scale, predictaliioud Utilization Cost which embodies the cost caused by
revenues, shorter sales cycle, expanded customer base thrdcloud utility and reflects the dynamic nature of utility.
shorter development lifecycle. Benefit for the samdhe paper also developed a web calculation tool which
stakeholders in PaaS is that revenues are based on hoptetides a way to analyze the effect of different metrics on
applications’ usage. End-users in SaaS models have litttee final cost.
|n|t|_a! _mvestment, they can eliminate software mgnagemenb Cost Benefits models
activities, have lower total cost of ownership of IT

resources, and stable, reliable and flexible experience. 1A [27], many dimensions of cloud computing value such
PaaS there is also access to innovative software. From fiReONgoing operational cost reduction, capital preservation,
developer's perspectives, PaaS model has many beneffdué of upsizing and downsizing on-demand, shifting the

such as single environment, faster time-to-market, reductig. agility and reuse were discussed. In [27], the
IT infrastructure provisioning, and interoperability with0St/benefit methodology that is composed of eight steps:
other applications. In [21][5], the risks in SaaS and Pa&@derstand the existing issues, assigning costs, model “as

models were enumerated. In SaaS, there are risks for model “to be”, defining value points, defining hard
platform owners such as up-front infrastructure investmerRENEfits, defining soft benefits, and creating final business

diverse new skills, and managing network of suppliers. FGRS€ Was also considered.
end-users, risks such as exposing and losing business-criticg). Economic Benefits of Cloud Computing
data, lock-in, high switching costs, less tailored software aﬁccording to [16], cloud computing has the following
involved. PaaS model also has many risks for diﬁere'iﬁtenefits economicailly:
e

stakeholders such as platform adoption, unavailab L . . .
*~ For individual enterprises, cloud services provide

applications, long learning curve, lock-in, restriction to benefits that broadly fall into the category of lowering
available APIs, closed platform, lack of interoperability etc. . .
overall costs for equivalent services because they only

In SaaS and PaaS there are performance, security and
pay for what they use.

scalability risks [21]. . I
y [21] * Increased strategic flexibility to meets market
B. Cloud Service Prices opportunities without having to forecast and maintain

In [22] a dynamic pricing mechanism for the allocation of on-site capacity.
shared resources is proposed and its performance *is Access to the advantages of CSP’s massive capacity,
evaluated. The economic properties of this pricing scheme instant scalability and parallel processing capabilities
are formally proved using the mechanism design framework. Which reduces task processing time and response
[23] proposes a resource pricing and allocation policy in latency. There is also system redundancy which
cloud computing, in which users can predict future resource improves reliability and better capability to repel botnet
prices. In [23], a game theory to solve the multi-user attacks.
equilibrium allocation problem was employed. They Public cloud vendors can achieve unparalleled
integrated budget and deadline conditions and solved the efficiency compared to data centers because they are
cloud service price prediction problem with incomplete able to scale their capacity to address the aggregated
knowledge. The paper used simulation framework CloudSim demands of many enterprises.
to conduct experiments. e Cloud computing allows for much higher server
In [24], an autonomic metered pricing for a utility utilization rates, lower unit cost, and easier capacity
computing service was examined. Today, cloud providers planning leading to a much higher return on assets than
is possible for individual enterprises.
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In view of the fact that locations of the public clouda. Cost of Power. Electricity cost is rapidly rising to
vendor facilities are not tied to the interest of the individual become the largest element of the total cost of
clients, they are able to locate, scale, and manage their ownership currently representing 15% - 20%. Power
operations to take optimum advantage of reduced energy tend to be significantly lower in large facilities and for
costs, skilled labor pools, bandwidth and inexpensive real operation of multiple data centers than in smaller ones.
estate. Matzke also suggested that the level of required skills Infrastructure Labor Cost. Cloud computing lower labor
or specialized expertise along with the required economies cost by automating many repetitive management tasks.
of scale, drive the optimum choice for outsourcing IT  While a single administrator can service around 140
initiatives. The availability of scalable skills combined with ~ servers in a traditional data center, the same
other economies of scale are among the compelling benefits administrator can service thousands of servers in a
of cloud computing. cloud data center.

c. Security and Reliability. Large CSPs are often able to

. i bring deep expertise to bear in the problem of security
Just as there are economic benefits of the cloud, so also are hgn a typical corporate IT department, thus making

the economic costs.

E. Economic Cost of Cloud Computing

cloud systems more secure.
d. Buying power. Operators of large data center can get
» Potential cost of service disruptions in an enterprises. discounts on hardware purchase of up to 30% over
+ Data security concerns. smaller buyers. The infrastructure homogeneity in cloud
+ Potential regulatory compliance issues arising from  computing also enables scale econamic

sensitive data being transferred, processed or stored 3) Demand — Side Economics of Scale

beyond defined borders. The overall cost of IT is determined not just by the cost of
+ Limitations in the variety and capabilities of thecapacity, but also by the degree to which capacity is

development and deployment platforms currentlgfficiently utilized. The impact that demand aggregation will

available. have on cost could be as a result of randomness, time—of-day
« Difficulty in moving proprietary data and softwarepatterns, industry—specific variability, —multi-resource
from one cloud service provider to another. variability, and uncertain growth patterns.
 Integration of cloud services with legacy systems. 4) Relationship between demand and supply patterns

» Cost and availability of programming skills needed [7]
to modify legacy applications to function in cloud For cloud service providers, the pay—-as—you—-go model's

environment. flexibility allows users scale their services up or down based
« Legacy software CPU-based licensing cog®n their needs. If a user can easily add or subtract resources
increasing when moved to cloud platform. and pay for cloud service in small increments, the provider

The economic costs and benefits of implementing cloutRs no guarantee of future business. Therefore, to reduce the
services vary depending on the size of the enterprise, and fi3k, the provider must dictate the terms of service and
existing IT resources / overhead including legacy dagondition in its favor. However, if the customer assumes
infrastructure. Other factors include computer hardwarg)ost of the risk, critical applications will not be hosted with
legacy software, maturity of internal processes, IT staff, afdCSP. That would limit cloud computing market growth to
technical base. These issues determine the strategic cost@nget of non—critical applications or to small-to-midsize
benefits that accrue to individuals and enterprises dependipigsinesses that would not use cloud services, making it
on their size. unprofitable for a CSP to build a $500 million data center.

1) Economies of Scale in Cloud Computing On the other hand, if the CSP, assumes all the risk, then in

The emergence of cloud services is again shifting thgost cloud environment with multiple consumers, the
economics of IT. Cloud architecture facilitates elasti@mount of liability within a provider's service could be
computing, self-service and pay-as-you—go pricing. Clougfeater than the value of the company. To ensure a win-win
also allows core IT infrastructure to be brought into largeconomic situation, cloud providers must enter into what is
data centers that take advantage of significant economiescafled “enterprise agreement”, where the two parties can

scale in three areas [6]. define the parameters of the relationship based on mutual
« Supply-side savings. Large scale data center lowgpk sharing. Eventually, CSPs will deliver better services
cost per service. and better guarantees, hence ask for and get more money,

« Demand-side Aggregation. Aggregating demand fo¥hile users will get the flexibility of pay-as—-you-go.
computing smooths the overall variability allowing g Optimizing Cloud Cost

server utilization rates to increase. . .
. . . . The cloud is the result of enormous IT needs within an
» Multi-tenancy efficiency. When changing to a multi—

T . . efnterpnse and individual business units utilizing cloud
tenant application model, increasing the number g . o
oo resources as required by the organization. Also, when IT
tenants lowers the application management an

professionals formally plan for cloud, it is done without full
server cost per tenant. . . )
) . consideration of cost and risks. There are however, many
2) Supply — Side Economics of Scale.

: . ways an enterprise can optimize cloud in terms of
The economics of scale result from the following area [6] A b P
performance and cost [17].
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1) Strike a Cost-Performance Balance G. Optimizing Cost of Virtual Machine.

Nearly every cloud provider offers a baseline service The most expensive way to buy virtual machines is to pay
prices. This is the cloud service that the provider displays {§; them on demand. It is possible to compare cost of virtual
its advertised cloud pricing. Although, it is likely to be thenachines (VMs) among the major laaS providers, but
least expensive, most users may not use the service. TR@Kcking the cost against another is not the only issue that
may pay for premium hosting, elasticity, geographiGyi affect price. Factors such as size of virtual machine,
diversity, high availability and other special factors. Thesg,pe of VM and contract length will influence price as
additions can be valuable in the long run, but they are jugscussed in Right Scale [18]. One advantage of 1aaS is that
waste of funds. For users these features double the cgskrs can spin resources up and down as needed, and will
cloud resources being used. The best approach is to validgige money if they commit to a long-term contfa&j.

a cloud choice by performing a pilot test of an application 1) Amazon Web Services

using the provider’s standard cloud service. To determine The primary way to optimize cost is by using reserved
needed features, run the application one to three montftances (RIs). The user gets a discount for making one to
measuring the quality of experience, downtime anghree years commitments. If payment is made for some or all
application cost in both test and production environment. cqmmitted usage upfront the percentage is higher. The

2) Know Which Applications Are Right for Claud percentage of Rl to on-demand VMs ranges from 24% to
It is important to examine a running application forzgoy,

optimization purposes. Public cloud services are often less 2y Google Services

expensive than on—premises IT, when applications do not Google utilizes the sustained usage discount (SUD)

fully use data center resources. However, an application thgich happens automatically and require no upfront.

generates a lot of traffic requires a lot of storage angiscount is on each monthly bill, based on the percentage of
demands regular in—cloud maintenance, which is probakiye that instances in some certain categories were running
not saving money in the cloud. It is important to determingyring the month. Basically, the more the enterprise uses the
the cost and IT effort associated with each application. Alsgy  the less expensive it became. For example, if an

identify the applications that are most expensive to run afgkiance of the VM runs for 25% of the month, there is a

requires most work to maintain. It may be helpful to adopigos discount on future use.

PaaS or Saas if internal support cost for laaS are too high. 3) Microsoft Cloud

3) Consider User Location - Microsoft clouds utilize the enterprise agreement (EA)
Understanding the cloud—to-user connecting is critical fQhat is negotiated with individual customers, so discount
cloud optimization. Organizations with the most successfghethods are not publicly available. However, it is believed
cloud applications ensure that users could access th@gée less expensive with long term commitment. Generally,
applications across a large geographical location. If cloyfpogle has the lowest on-demand pricing for VMs,
users reside in one particular location, it will be less costly {g|owed by Microsoft Azure. Domestic operations are
host applications internally. However, if users span multiplgenerally less expressive than international ones for most
users, which improves performance and helps manage cosjgrkloads, while AWS offers varying pricing.
4) Cloud Negotiation.
Negotiation helps cloud optimization. It is desirable to get IV. CONCLUSION
a good price offer from a CSP, but an organization must also Cloud computing provides elastic, scalable and on-
understand their cloud application needs and get the best . ! )
; . . emand services to user over the Internet. SaaS provides
services to meet those needs. Carrying out a pilot test of the .~ . ) : !
) ) 2 . é)hcauons to users, while PaaS basically provide platform
most demanding and expensive applications establishes . , . . .
or deploying users’ application while laaS provide

balance for cloud usage and QoS, that will fit into the SLA, . . )
computing and storage infrastructure. Cloud economics

There are three primary points to be considered whe . : . .
P y p d%als with the economic costs and benefits of utilizing the

_negotlatlng cloud prices. They are the _prowde_rs guarantc_ecel%ud. There is a demand side and supply side economics of
in the SLA, the base price of cloud service during the service . o )

. . . scale in terms of utilizing the cloud. A balance in the
period and the price of extra service on top of the basi

. . ?mand and supply sides of the economies of scale is critical
service model. There are three important areas 0O . . L
L In cloud economics. The CSPs could harmonize pricing in
negotiation. . . -
. . . the interest of the user. The cost and benefits of utilizing the
e The CSP will adjust prices pro-rata based on . )
o . ) cloud also affect the users and providers alike.
prevailing current price of cloud services used by
the enterprlse even W|th|n.the contract pe.rlod. ACKNOWLEDGMENTS
* An enterprise can renegotiate a contract if a named ) )
competitor offers a price that is more than 10% We acknowledge the support and sponsorship provided by
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