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Abstract. The article describes the main characteristics, types and properties of cloud computing. The most
widespread cloud technologies in Ukraine are analyzed. It is identified that the largest share among users of cloud
technologies in Ukraine currently belong to large holdings, IT companies, commercial enterprises and banks, but
other sectors of business are also involved in the development of these services. The aim of the article is to develop
the methodology for evaluating the efficiency of cloud technologies implementation at enterprises and its
experimental verification. The economic component of the cloud computing implementation at enterprises
(expenditures and revenues of both cloud technology owners and users) is considered. The efficiency of using cloud
computing at enterprises is proved. It is found that organizations usually do not use the power of their personal data
centers to a full extent. This leads to idle equipment, extra cost on maintenance and servicing of hardware,
amortization, staff salaries and etc. The feasibility of transition of enterprises to cloud computing in such situations
has been proved, which considerably reduce the costs of the enterprise due to the absence of need for hardware
and necessary staff to support the operation of information systems. Usability of the methodology of total cost of
ownership in evaluating the effectiveness of using services for the enterprise has been proved. The proposed
methodology compares the main costs of using personal data centers and the cost of using cloud computing. It is
experimentally proven that in most cases, the cost of maintaining personal data center (PDC) is higher than the cost
of cloud services. It is also proved that the efficiency of cloud technology operation depends on the internal structure
and organization of computing processes inside the systems, as well as on external factors such as the size of
enterprises-clients, industries, costs for the organization of data centers, etc. Cloud computing is an advanced
technology which has future prospects and is cost-effective for both enterprise users and provider organizations.

Keywords: cloud computing, distributed database, enterprise cloud technologies, cloud computing efficiency,
cloud architecture.

Introduction. The concept of cloud computing was introduced not too long ago, it is by far the
strongest trend in the IT market, but indeed the old concept of the time allocation, considering the
modern development of technical means, is hidden under a big name. Therefore, it can be noted that
cloud computing is not a revolution, but only a new evolutionary spiral of the IT industry development.
With the principle of time-sharing, you can achieve greater resource efficiency. It should be mentioned
that the first ideas that indirectly touched on what later became cloud computing belong to the 1970's-
1980's. However, the date refers to the modern history of cloud computing was 2006, when Amazon,
which was already one of the largest at that time, introduced its web services infrastructure that was able
to provide the user not only with hosting but also to provide remote computing power to the client.
Newcomers have been embraced and endorsed by giants such as Google, Sun and IBM, and in 2008
Microsoft has expressed its interest in the industry.

Literature Review. The US National Institute of Standards and Technology (NIST) has created a
working definition of cloud computing. According to NIST, cloud computing is a «model for enabling
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» (Mell and Grance, 2011; Buyya, et al., 2008;

Cite as: Zatonatska,T., Dluhopolskyi, O. (2019). Modelling the Efficiency of the Cloud
Computing Implementation at Enterprises. Marketing and Management of
Innovations, 3, 45-59. http://doi.org/10.21272/mmi.2019.3-04

45


http://doi.org/10.21272/mmi.2019.3-04
http://doi.org/10.21272/mmi.2019.3-04

T. Zatonatska, O. Dluhopolskyi. Modelling the Efficiency of the Cloud Computing Implementation at Enterprises

Gohin, et al., 2012). There are five essential characteristics of cloud computing: on-demand self-service,
broad network access, resource pooling, rapid elasticity, and measured service (table 1).

Table 1. Essential characteristics of cloud computing

Characteristic Definition

On-demand A consumer can unilaterally provision computing capabilities, such as server time

self-service and network storage, as needed automatically without requiring human interaction
with each service provider

Broad network | Capabilities are available over the network and accessed through standard

access mechanisms that promote use by heterogeneous thin or thick client platforms (e.g.,
mobile phones, tablets, laptops, and workstations)

Resource The provider’'s computing resources are pooled to serve multiple consumers using a

pooling multi-tenant model, with different physical and virtual resources dynamically
assigned and reassigned according to consumer demand. There is a sense of
location independence in that the customer generally has no control or knowledge
over the exact location of the provided resources but may be able to specify location
at a higher level of abstraction (e.g., country, state, or datacenter). Examples of
resources include storage, processing, memory, and network bandwidth

Rapid Capabilities can be elastically provisioned and released, in some cases

elasticity automatically, to scale rapidly outward and inward commensurate with demand. To
the consumer, the capabilities available for provisioning often appear to be unlimited
and can be appropriated in any quantity at any time

Measured Cloud systems automatically control and optimize resource use by leveraging a

service metering capability at some level of abstraction appropriate to the type of service
(e.g., storage, processing, bandwidth, and active user accounts). Resource usage
can be monitored, controlled, and reported, providing transparency for both the
provider and consumer of the utilized service

Sources: (Mell and Grance, 2011; Ahmed and Hussan, 2018)

There are four service models of cloud computing (table 2): SaaS, Paa$, laaS, and CaaS. And also
can be four deployment models of it (table 3): private, community, public, and hybrid.

Table 2. Service models of cloud computing

Software as a Service

Platform as a Service

Infrastructure as a

Communication as a

(Saa$) (Paa$S) Service (laaS) Service (Caa$S)
The capability provided The capability The capability provided A CaaS
to the consumer is to use provided to the to the consumer is to model allows a CaaS

the provider's
applications running on a
cloud infrastructure. The
applications are
accessible from various
client devices through
either a thin client
interface, such as a web
browser (e.g., web-based

consumer is to deploy
onto the cloud
infrastructure
consumer-created or
acquired applications
created using
programming
languages, libraries,
services, and tools

provision processing,
storage, networks, and
other fundamental
computing resources
where the consumer is
able to deploy and run
arbitrary software, which
can include operating
systems and

provider’s business
customers to
selectively deploy
communications
features and services
throughout their
company on a pay-
as-you-go basis for
service(s) used.
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Continued Table 2

Software as a Service | Platform as a Service Infrastructure as a Communication as a
(Saa$) (Paa$) Service (laaS) Service (Caa$)

email), or a program supported by the applications. The CaaS is designed on

interface. The consumer
does not manage or
control the underlying
cloud infrastructure
including network,
servers, operating
systems, storage, or
even individual
application capabilities,
with the possible
exception of limited user-
specific application
configuration settings

provider. The
consumer does not
manage or control the
underlying cloud
infrastructure including
network, servers,
operating systems, or
storage, but has
control over the
deployed applications
and possibly
configuration settings
for the application-
hosting environment

consumer does not
manage or control the
underlying cloud
infrastructure but has
control over operating
systems, storage, and
deployed applications;
and possibly limited
control of select
networking components
(e.g., host firewalls)

a utility-like pricing
model that provides
users with
comprehensive,
flexible, and (usually)
simple-to-understand
service plans

Google’s Gmail, Apps

Microsoft's Azure,
Salesforce’s
Force.com

Amazon’s Elastic
Compute Cloud (EC2),
Simple Storage
Service

Internet telephony

Sources: (Mell and Grance, 2011; Rao, et al., 2013)

Table 3. Deployment models of cloud computing

Private cloud

Community cloud

Public cloud

Hybrid (combined)
cloud

The cloud infrastructure is
provisioned for exclusive
use by a single organization
comprising multiple
consumers (e.g., business
units). It may be owned,
managed, and operated by
the organization, a third
party, or some combination
of them, and it may exist on
or off-premises

The cloud infrastructure is
provisioned for exclusive
use by a specific
community of consumers
from organizations that
have shared concerns
(e.g., mission, security
requirements, policy, and
compliance
considerations). It may be
owned, managed, and
operated by one or more
of the organizations in the
community, a third party,
or some combination of
them, and it may exist on
or off-premises

The cloud infrastructure
is provisioned for open
use by the general public.
It may be owned,
managed, and operated
by a business, academic,
or government
organization, or some
combination of them. It
exists on the premises of
the cloud provider

The cloud infrastructure
is a composition of two
or more distinct cloud
infrastructures (private,
community, or public)
that remain unique
entities, but are bound
together by standardized
or proprietary technology
that enables data and
application portability
(e.g., cloud bursting for
load-balancing between
clouds)

HPE, IBM, Red Hat,
Microsoft

Google’'s GovCloud

Amazon Elastic-
Compute-Cloud, IBM's
BlueCloud, Sun Cloud,

Google AppEngine, AWS

HIPAA-compliant
hosting

Sources: (Mell and Grance, 2011; Yoo and Kim, 2018)
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Cloud computing is the combination of a technology, platform that provides hosting and storage
service on the Internet (Lamba and Singh, 2011). In such an environment users dont need own
infrastructure for various computing services, they can be accessed from any computer in any part of the
world. This integrates features supporting high scalability and multitenancy, offering enhanced flexibility
in comparison to the earlier existing computing methodologies. It can deploy, allocate or reallocate
resources dynamically with an ability to continuously monitor their performance (Mell and Grance, 2011;
Nazir, 2012). Moreover, cloud computing minimizes capital expenditure. This approach is device and
user-location independent. The main goal of the cloud computing is to provide scalable and inexpensive
on-demand computing infrastructures with good quality of service levels (Singh, et al., 2011; Nogueira,
etal., 2016).

Cloud computing supports the ability to dynamically scale up and quickly scale down, offering cloud
consumers high reliability, quick response times, and the flexibility to handle traffic fluctuations and
demand (Vaquero, et al., 2009). Cloud computing also supports multi-tenancy, providing systems
configured in such a way that they can be pooled to be shared by many organizations or individuals
(Oliveira, et al., 2010). A.Weiss explained that the cloud computing concept was drawn on legacy
architectures and technologies as various cloud shapes, software as a service, the data center,
distributed computing, or a utility grid (Weiss, 2007). However, cloud computing is a compelling idea
which incorporates all sorts of computing models.

Virtualization technology allows cloud vendors to convert one server into many virtual machines,
thereby eliminating client-server computing with single-purpose systems (Foster, et al., 2008;
Chandrasekaran, 2015). The most important benefit of cloud computing is that the customers don't need
to buy the resource from a third party vendor, instead, they can use the resource and pay for it as a
service thus helping the customer to save time and money. In (Varghese and Buyya, 2018) authors
discussed what future cloud computing looks like by charting out trends and directions for pursuing
meaningful research in developing next-generation computing systems.

Methodology and research methods. The cloud provider has the following advantages:

1.Reduction of expenditures for the organization of the data center and its maintenance.

2.Ability to rapid market penetration in the absence of construction of information structure during the
long period.

3.Availability of high-performance applications for small and medium businesses.

4.Increasing the mobility of employees all around the world.

5.IE is a department focusing on innovation and the development of a new anti-IT department for the
data center.

6.Unlimited scalability and flexibility.

7.«Greening» the data center by reducing idle capacity.

8.Improve reliability and guarantee uninterrupted work.

When it comes to startups or the significant expansion of reputable companies in the market, the
economic feasibility of cloud computing is undeniable and obvious. In such situations, there is no need
spending money and time on setting up personal data centers, their maintenance or service, recycling
equipment or purchasing new ones, developing applications to integrate them with existing systems,
retraining employees, etc. (Amokrane, et al., 2013; Armbrust, 2009; Church, et al., 2008).

The expenditure on organizing and maintaining a data center (DC) is the highest cost item at an
enterprise. Such an item can be up to 50% of the total cost. However, it should be noted that the share
of start-ups or emerging companies is not very significant. For large companies that have been in the
market for a long time, the implementation of cloud computing can be associated with both revenue and
expenditure. On the one hand, a company must make substantial investments, rebuild its existing
business system and take on the risks that have not yet been fully examined. However, on the other
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hand, it is necessary to assess whether the absence of cloud computing will reduce the company's
competitiveness in the future (Hao, et al., 2010; Jarray, 2012; Jarray, et al., 2015).

Some possible scenarios for the deployment of cloud technologies are shown in table 4. According
to the first scenario, the application is developed from scratch in compliance with the traditional model. In
the second case, the elaboration is based on cloud technologies. Regarding the third scenario, the
company already has a ready-made application and transmits it completely into clouds. With respect to
the fourth scenario, the existing non-cloud application is still being used without its completion.

Table 4. Expenditures for different cloud computing scenarios

Development of a new application Complete Continuing use of
Types of according to using cloud conversion of the the existing
expenditures the traditional technologies applicationinto | application without
model cloud technology | cloud technology
One-time:
on equipment High | None
on development or
improvement of High Medium High
the application
;Cu)gglr;?gn?f None Medium None
staff training Law, medium | Medium None
Period:
to rent cloud ;
service None Medium None
on technical None Medium None
support
on staff salaries High Medium High
to rent premises High None High
and infrastructure

Sources: compiled by the authors

In each scenario, it is essential to deal with one-time and period expenditures. One-time
expenditures are only incurred in developing and implementing the application, and period expenditures
occur regularly until the application is taken out of use.

The implementation of cloud technology not only completely eliminates expenditures related to the
purchase and subsequent use of its own equipment, but also saves on the salaries of employees that
should be responsible for the operation of the equipment, not the application (Zeng, et al., 2012).

For existing systems, the use of cloud technology allows getting rid of the period expenditures
related to maintaining your own equipment. In this case, there are expenditures connected with
redesigning the application and minimizing its personal data centre (PDC) [Unleashing the Potential].
Depending on the specific tasks and conditions of each organization, any of the scenarios described in
the table may turn out to be most economically feasible. However, the use of cloud technology is
attractive in that it frees up some of the money that would go toward solving non-core IT business tasks.

In (Armbrust, 2009) a formula for calculating the benefits of using cloud technologies of the following
type is proposed:

tel(Tr —Ph.cl) = tPDC(Tr — 2225, (1)

where tcl — used hours of cloud; Tr — income; Ph. cl — the cost of one hour of cloud; tPDC -
hours used by the DC; Ph. PDC - the cost of one hour of the DC; U — average utilization of the DC.
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This formula assumes that the private cloud is also considered as personal data center, and the
cloud itself refers to external clouds (cloud service providers).

The left part of the formula represents the revenue that a company can receive using cloud
computing, based on the specified hours of machine time. The right part of the formula constitutes the
revenue that a company can receive when using its PDC.

The difference is that, according to formula (1), when using its PDC, the factor of average capacity
utilization should be considered. For instance, if DC capacities are used by only 10%, then, when
calculating the revenue of the cost of one hour, the data center is multiplied by 10, which reduces the
income of this option [OpenStack].

Economically, the option of the average DC utilization that is close to 1 is considered to be ideal.
However, it should also be noted that formula (1) does not consider:

— the period for which the income are compared (left and right parts of the inequality), should be
the same;

— 100% - the average utilization in practice is unattainable (such a situation is evidence of
catastrophic capacity overload, the optimal utilization of the data center varies between values of 60-
70%);

— the cost of one hour of DC already contains excess prices at above average load. Unloaded
equipment is purchased, connected, then software is purchased and installed on it, equipment is
maintained in working order, consumes electricity; the service personnel is also hired considering all the
capacity, not the actual utilization. Thus, by dividing the expenditures per one hour of the DC on the
average utilization in accordance with formula (1) the cost of the DC unreasonably increases.

To account for these factors, the cost of one hour of DC was replaced by the average cost of using
data center capacities, that is, the cost of the average DC utilization without taking into account the cost
of holding excess capacity. In this case, the problem is that the cost of the used DC capacities is not an
obvious parameter for the enterprise and requires calculations (Gorobets, 2012).

Using all of the provided observations and disadvantages, the following inequality is proposed to
calculate the benefits of cloud computing:

Trcl—Tecl TrPDC—-TcPDC
> : (2)
tcl tPDC

where Trcl - revenue from the use of cloud services for the period tcl; TrPDC - revenue using its
PDC for the period tPDC; Tccl - expenditures on cloud services for the period tcl;TcPDC -
comprehensive DC costs tPDC, including the average cost of the DC equipment (the initial cost of the
equipment divided into the entire cycle of use and multiplied by the period under consideration), as well
as the cost of maintaining its PDC for the same period, considering staff salaries, acquisition software
and bill payment (Greenberg, et al., 2009).

In formulas (1) and (2), the DC is the property of the company and does not apply to cloud
computing even if its capabilities suggest cloud characteristics.

To calculate long-term benefits, a considerable period of time must be taken into account and a
shorter period to calculate short-term prospects. It should be considered the average period according to
the annual demand period; this is relevant for «seasonal» types of business, for instance, in a one-year
period. Then the above formula (2), will have the following form:

Trcl —Tccl = TrPDC — TcPDC. (3)
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As already mentioned, the average utilization as a divisor for display in formula (2) of listed factors
should not be included in the formula (3), since the specified values have already included its excess
value over the required period (extra capacity, staff salaries, servicing costs of excess capacity during
the given period). The equation can also be expressed through the average utilization for the benefits of
enterprises with seasonal business.

If we take 60% as optimal utilization of DC, then:

TcusPDC -~ TcPDC-Um
0,6 60

TcrecPDC = ) (4)

where Um - average utilization for the period, %, 0 < Um < 100; TcrecPDC - expenditures on
the required DC capacity for the period; TcusPDC - expenditures on the effectively used DC capacity
for the period.

Equality (4) is approximate since expenditures on used and unused DC capacity are generally not
the same (for instance, the cost of unused capacities may be lower due to reduced power consumption
and low amortization of equipment).

Therefore, the extra cost (Tcext) of maintaining its PDC for the period will be:

TcusPDC
Tcext = TcPDC — TcrecPDC = TcPDC — 06 =

TePDC(1 — U_m) _ TcPDC(60-Um) (5)
60 60

A cloud service provider can offer a lower cost by reducing extra expenditures because he has a
fairly high level of average utilization due to the large size of the DC and a great number of consumers.
In conformity with that, on the approach to the average utilization for the period to the optimal utilization
(about 60%), the extra cost will be 0.

Let's represent (3) considering average Lutilization and extra costs, to show the inverse
proportionality of average utilization and expenditures, as well as the real benefits of using cloud

technology in the case of uneven utilization in the form of (for 0 < Um < 60%):

60TcrecPDC
— (6)

Trcl —Tccl = TrPDC —
um

For Um = 60% possible system failure and the following scenarios:

1) decrease in revenue by a loss factor (k) TrcrPDC = Trreg - k, where TrcrPDC — revenues
for the critical period of DC use with a load more than 60%; Trreg — revenues for the regular period;

2) complete loss of income TrPDC = 0;

3) significant losses TrPDC(TcPDC.

The higher utilization is the lower expenditures on maintaining a DC. According to (6), the use of
public cloud services is more advantageous than the lower capacity utilization of the DC. In addition, the
choice of cloud computing is appropriate even when it is impossible to predict medium and maximum
utilization in advance. Consequently, the appeal of cloud computing is obvious:

— for startups, the cost of one hour of PDC will be too high due to the higher costs of purchasing
equipment from scratch and recruitment process;

— a clear benefit to seasonal businesses and businesses with a large dispersion of DC utilization
(for instance, touristic operators, online stores, etc.);
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— the benefit is for businesses with low or poorly anticipated hardware capacity utilization. If the
utilization turns out to be significantly lower than expected, then the enterprise will have no need to
overpay for idle capacity, and if it exceeds expectations, it is much easier to add insufficient cloud-based
resources than to purchase additional equipment for installation at its PDC.

For long-established companies in the market, the benefit is also significant, because according to IT
analysts, the average utilized capacity of the DC is 18%, and for servers architecture — the x86, this
indicator is reduced to 12% (Frolov and Podlevskih, 2015). For such companies it is recommended to
make a gradual transition to cloud computing, as it is necessary to start with small projects. This will
allow avoiding the risks and «shocking situations» and also evaluate the actual benefits of implementing
cloud computing (Chernomorov, 2005).

It has become clear that the primary task of the organization is to determine the relevance of using
cloud services as an alternative to its PDCs. A decision-making is needed to compare expenditures on
using cloud technology and expenditures on PDC. The presented model of estimation of cloud
computing implementation efficiency at enterprises reflects the benefits from the use of these
technologies.

Empirical results. We will evaluate the efficiency and relevance of the cloud computing
implementation in accordance with the model presented and a simplified methodology for calculating the
total cost of ownership.

In [Armbrust, 2009], the main positive characteristic of cloud services is flexibility (Rangan, 2008;
Siegele, 2008). Let's consider the following situation (table 5, fig. 1).

Table 5. Demand of the computing system during the day

Time of the day | Demand, number of servers
6:00 100
12:00 500
16:00 400
20:00 300
0:00 100

Sources: compiled by the authors

According to the above condition, there is peak demand for computing technology (the need for 500
servers in the middle of the day). The lowest demand is observed at midnight and in the morning. The
average demand for technology is 280 servers. That is, during the day, the company uses
280 - 24 = 6720 servers-hours, which are paid at a certain rate, considering all costs of maintaining
the DC.

However, if we consider using your PDC at an enterprise, then it is needed to support all 500 DC
servers throughout the day to fully meet the demand for computing technology. In other words, an
enterprise may pay 500 - 24 = 12000 serves-hours.

Thus, it can be concluded that it would be more profitable for the enterprise to maintain its PDC at
the level of demand of 280 servers, and during periods of peak demand to rent cloud technologies. This
would save on the cost of maintaining your PDC.

In papers (Hamilton, 2009; Hamilton, 2008), the formula for calculating the feasibility of using cloud
computing was considered, which for the usability in the following experiments is written as:
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tel - (Trel — Tecl) = tPDC - (TrPDC — 225, (7)

where tcl — number of hours of cloud services used; Trcl — income from cloud computing; Tccl —

the cost of one hour of cloud services; tPDC - the number of hours of PDC; TrPDC - income from
using PDC; TcPDC - the cost of one hour of using PDC; Um — average data center utilization.

1100
& 1000

AR /1 I\
“TT 7\ ]\

Number of servers (resorces

0 1 2 3 4 5 6 7 8 9

Figure 1. Display fluctuations in demand for computing technology throughout the day
Sources: compiled by the authors

According to the above model, we will conduct the following experiment.

The following characteristics are taken as initial data: one business process at an enterprise
generates new data with an average volume of 500 GB; the processing time of 1 GB of data on its PDC
is 2 hours; the enterprise DC consists of 20 servers; the cost of an hour of data processing is 0.1 UAH.

Thus, the cost of processing 500 GB of information on your PDC for the enterprise will be:
500-2

——-0,1 =5UAH.
20
The enterprise has the opportunity to rent a cloud service with the following conditions: processing

time of 1 GB of information is 1 hour, the cost of an hour of data processing is 0.1 UAH, the speed of
information transfer to the service is 0.0028 GB/s. In this case, the cost of using cloud services will be:

—2%__ . 0,1 = 5,06UAH. Therefore, in this case, the use of cloud technology is not justified.
0,0028-3600

However, it should be noted that the modern development of cloud technologies can significantly
increase not only the speed of data transfer, but also the speed of calculations due to the higher
capacity and the number of servers for computing. We will carry out additional experiments to calculate
the cost of DC at our PDC and using a cloud service (Table 6).

As we can see, it is enough to increase the data transfer rate to 0.00284 GB/s, and the benefit of
using the cloud service will be 0.19%. In addition, according to the results of the experiments, it can be
concluded that increasing the amount of data for processing under unchanged other conditions,
increases the benefit of using cloud computing.
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Table 6. Results of experiments regarding comparison of the cost of calculations on PDC and
using a cloud service

26| B |2 |23 82 |B3.| %5 |88<|2T |gEg =
Sy| =0 | o | P 289 S| 28 485 /8F |8322 g
E8| 2T | 58| %G| 5 [2cE| 8= |82 852|555 =
go (7)% h& » $ gg aga = ® s O > SE Stnm (]
(=] [} o o 7] [«

ES| ém 8° 88 §S |2 & s 8 =£382 883 £
oo | 82 | E 25| F® |89 5= |8 |©8 |©&58 0B
= a = %5 a = = =

500 2 20 01 0,00280 1 50,00 50,60 5,00 506 |121%
500 2 20 0,1 0,00284 1 50,00 49,90 5,00 499 1-0,19%
2000 2 20 0,1 0,00284 1 200,00 | 196,62 | 20,00 19,66 | -1,69%
5000 2 20 0.1 0,00284 1 500,00 | 490,05 | 50,00 49,00 [-1,99%
10000 2 20 0,1 0,00284 1 1000,00 | 979,09 | 100,00 | 97,91 [-2,09%
50000 2 20 0, 0,00284 1 5000,00 | 4891,45 | 500,00 | 489,15 |-2,17%

Sources: compiled by the authors

Let’s evaluate the efficiency of cloud computing implementation at the enterprise by a simplified
method of calculating the total cost of ownership. In the general case, the TCO is estimated by the
formula (Frolov and Podlevskih, 2015);

Tco=K+C-t, (8)
where C - operating costs; K — capital costs; t — planned number of years of operation.

Capital costs are paid only once at the beginning of IT implementation. This indicator for the cloud
computing system (Kcc) characteristics are by the formula:

Kcc = Khe + Ksc + Kt + Kst + Kse, 9)

whereKhc — hardware costs; Ksc — software costs; Kt — telecommunication costs; Kst — staff
training costs;Kse — setup costs.

The implementation of cloud computing reduces expenditures on your own equipment and costs
connected with the remuneration of workers that serving the information system.
Capital costs for personal computing system:

KPDC = Kd + Khc + Ksc + Kt + Kst + Kse, (10)

where Kd - expenditures on designing (expenditures on designers™ salaries, expenditures on
software, design, expenditures on computer hardware for design, etc.); Khc — hardware costs; Ksc -
software costs; Kt — telecommunication costs; Kst — staff training costs;K se — setup costs.

Operating costs are incurred each production cycle. For the cloud system:

Ccc = Css + Ccs + Cis + Ctot, (11)

where Css - expenditures on staff salary; Ccs — expenditures on paying cloud services; Ci —

expenditures on paying Internet services; Ctot — total expenditures, including electricity costs,
materials, other expenses.
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For its PDC, operating expenses are:
CPDC = Css + Cam + Ci+ Cm + Ctot, (12)

where Css — expenditures on staff salary; Cam — expenditures on amortization; Ci — expenditures
on paying Internet services; Cm — maintenance expenditures; Ctot — total expenditures, including
electricity costs, materials, other expenses.

In order to compare expenditures on operating its PDC and expenditures on implementation of cloud
technologies, the calculations were made for the following input data: for the implementation of cloud
computing, the enterprise needs to reconfigure the hardware for the amount of 37 thousand UAH,
software valued at 8.5 thousand UAH and to train the staff, which will cost 5 thousand UAH for one
person. Expenditures on implementation of its PDC will include the hardware and software costs, priced
at 50 thousand UAH and 10 thousand UAH respectively. The telecommunications organization requires
a cost of 9 thousand UAH, and staff retraining — 5 thousand UAH for one person.

The components of capital expenditures for both options are included in the table 7.

Table 7. Enterprise capital expenditures on cloud computing and personal computing center
Capital expenditures, UAH

Indicator Personal computing system | Cloud computing |

Design costs 25000 -
Hardware costs 50000 37000
Software costs 10000 8500
Telecommunication costs 9000 9000
Staff training costs 5000 5000
Installation and setup of the equipment costs 3000 3000

Sum 102000 62500

Sources: compiled by the authors

The next step is to calculate the operating expenses for both options. The components of operating

expenses are given in table 8.

Table 8. Operating expenditures of the enterprise for the implementation of cloud computing and
its personal computing center

Types of expenditures Operating costs, UAH
yp P Cloud computing Personal computing system

On staff salaries 216000 216000
To pay cloud service 14500 -
On amortization - 9500
To pay for Internet service 10000 10000
On maintenance - 192000
Others - 7500

Sum 240500 435000

Sources: compiled by the authors
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Therefore, we received capital and operating costs for two options. It is now necessary to calculate
the common indicators for both cases in compliance with the method of total cost of ownership (Frolov
and Podlevskih, 2015):

1) for an enterprise that uses cloud computing:

TCOcc = 62500 + 240500 = 303000. (13)

2) for an enterprise that implements its personal data center:
TCOdc = 102000 + 435000 = 537000. (14)

The obtained results are examined within 5 years and are shown in Fig. 2.

3000
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- 2000
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=
w
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computing
center
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1 2 3 4 5 B
Years

Figure 2. Expenditure indicators for cloud computing projects and personal computing center
Sources: compiled by the authors

On the basis of all conducted calculations, conclusions ought to be drawn on the implementation of
cloud computing or the introduction of its PDC. However, it should be noted that the implementation of
enterprise cloud technology is appropriate and effective for organization, as evidenced by statistics
(table 9).

Table 9. Comparison of cost of using PDC and cloud computing with the savings rate

Cost item Cost of using Cost of using cloud Savings rate
PDC computing
Network infrastructure and ~ 2500 UAH per ~ 970 UAH per month 25
storage month
Administration - 150:;:1\??8 PET | > 1000 servers per admin 6,7

Sources: compiled by the authors according to sources (The official sites of the companies «De
Novoy, «Integrity Systems», «Soft Line», «Valtek», «Volia»)

Conclusions. The basic characteristics, types and properties of cloud computing are described. It is
identified that cloud technologies offer a wide range of services, the most common in Ukraine are laaS -
infrastructure as a service, SaaS-storage as a service and PaaS-platform as a service. The main
benefits of using cloud computing are found to be their flexibility and ability to access up-to-date
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information at any time and from any device. The biggest drawback of technology for users is the
dependence on the Internet and the lack of guaranteed security and confidentiality of information. It is
revealed that at the moment the largest share among the users of cloud technologies in Ukraine belongs
to trading companies and banks, but other sectors of business are also involved in the development of
these services.

A series of experiments were conducted to investigate the model of estimating the efficiency of cloud
computing implementation at enterprises, which confirm the cost-effectiveness of using cloud
technologies by organizations. The efficiency of cloud computing using the methodology of determining
total cost of ownership is proved.

Thus, cloud computing is an advanced technology that has future prospects and is cost-effective for
both enterprise users and provider organizations. The efficiency of cloud technologies depends on the
internal structure and organization of the computing processes within the systems, as well as on external
factors, such as the size of enterprises-customers, industries, expenditures to set up data centers, etc.

Author Contributions: conceptualization, T.Z. and O.D.; methodology, T.Z.; software, T.Z,;
validation, T. Z. and O. D.; formal analysis, O. D.; investigation, T. Z.; resources, O.D.; data curation,
T. Z.; writing — original draft preparation, T.Z.; writing — review and editing, O. D. and T. Z.; visualization,
T. Z.; supervision, T. Z.; project administration, T. Z.; funding acquisition, O. D.
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T. T. 3aToHaubka, d.e.H., npoghecop, Kuiscbkuli HauioHanbHUl yHigepcumem imeHi mapaca Lllesyerka (YkpaiHa);

0. B. inyrononbcbkuid, 0.6.H, npoghecop, TepHONinbCbKUL HauioHanbHull eKoHOMIYHUl yHigepcumem (Ykpaia).

MogentoBaHHs eheKTUBHOCTI BNPOBaAKeHHsA XMapHUX 06YMCTIeHb Ha NignpuMemMcTBax

Y cmammi HaeedeHO OCHOBHI Xapakmepucmuku, 6udu ma emacmugocmi XmapHux obyucneHb. [IpoaHanizogaHo
HalinowupuHiwu 8 YkpaiHi xmapHi mexHosnoeii. BuseneHo, wo Ha daHuli MomeHm Halbinbwa yacmka ceped kKopucmysavie
XMapHUMU mexHomnoeiaMu 6 YKpaiHi Hanexums eenukum xondiHeam, IT- komnaHism, mopeogum nidnpuemcmeam ma baHkam,
00HaK iHwWi cekmopu 20cnodapcbKoi disbHoCmi makox 3amydaombes A0 0c80eHHs OaHux nocnye. Memoto cmammi € po3pobka
MemoOuKu wodo OUiHKU eghekmusHOCMI 8npoBadXeHHs XMapHUX mexHomoeill Ha nidnpuemcmeax ma ii ekcnepumeHmarnsHe
nidmeepdxeHHs. Po3ansHymo ekoHoMiYHy cknadosy eid 8nposadxeHHs Ha nidnpuemcmeax XmMapHux obyucreHb (gudamku ma
0ox00u 5K 811aCHUKI@ XMapHUX mexHomoeill, mak i kopucmysavis). [JosedeHo echekmusHICMb BUKOPUCMAaHHS XMapHUX 064uCieHb
Ha nidnpuemcmeax. 3’aco8aHo, W0 3a3euyqall opaaHi3auii He 8UKOPUCMOBYIOMb NOMYXHOCMI 81aCHUX 0064YUCTI08AbHUX UeHmpie
nosHolo mipow. Le npusgodums 00 npocmoroeaHHs 0bradHaHHs, 3alieux eumpam Ha ympumaHHs ma o006ciy208y8aHHs
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anapamHoi yacmuHu, amopmu3auiliHi eidpaxysaHHsi, onnamy npaui nepcoHany ma iHwe. [JogedeHo OopeyHicmb nepexody
nidnpuemcms 8 makux cumyauisix 00 XMapHUX 0BYUCTIEHb, SIKI 3HAYHO 3HUXYIMb eumpamu nidnpueMcmea 3a paxyHOK
sidcymHocmi nompebu 8 anapamHomy 3abe3neyeHHi ma 3HaYHO20 3HUXEHHS HeobXidHo20 nepcoHany Ona nidmpumku pobomu
iHgpopmavyitiHux cucmem. [lidmeepdxeHO 3py4HiCMb BUKOPUCMaHHA OnS OUiHKU eheKkmueHOCMI (DyHKUIOHY8aHHSI XMapHUX
obyucneHb MemoOuKku CykynHoi 8apmocmi 80100iHHSA. 3anponoHogaHa Memoduka 00380JTAE NOPIGHAMU OCHOSHI 8UmMpamu Ha
BUKOPUCMAaHHSI  8N1aCHUX UeHmpig 00YuCriosaHHa OaHuXx ma eumpamu Ha 3acmocyeaHHs XMapHux —00YUCITEHb.
EkcnepumernmansHo dogedeHo, wo 8 binbwocmi eunadkie sumpamu Ha ympuMaHHs 8n1acHo2o yeHmpy ob4ucneaHHs O0aHux
(4OA) € binbwumu 3a gumpamu Ha xmapHi nocnyau. [JogedeHo, w0 egeKmusHicmb (hyHKUIOHY8aHHS XMapHUX mexHomozili
3anexums 8i0 8HymPpILUHBOI CMpyKmypu ma opeaHisayii ob4uceansHUx npouecie ecepeduHi cucmem, mak i 8i0 308HIWHIX
thakmopis, makux siK po3mipu nidnpueMcms — KiieHmia, 2asty3eli, sumpam Ha opaaHi3auito yeHmpig ob4ucno8aHHs daHuX Mowo.
XmapHi ob4ucreHHs € nepedogor MexHomoaiet, Wo Mae nepcnekmusu y MalibymHbOMY | € eKOHOMIYHO 8U2IOHOK sK Onsi
nidnpuemcms — Kopucmysavis, mak i Ans opaaizayiti — nposatioepie.

KntovoBi crnosa: xmapHi obuucrieHHs, posnopineHa 6asa [aHuX, XMapHi TexHomnorii Ha nignpuemcTBax, eeKTUBHICTb
(byHKLIOHyBaHHS XMapHOi 064NCMIoBaNbHOT CUCTEMM, XMapHa apXiTekTypa.
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