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Abstract — Interest in cloud computing is growing, and, as a
result, there is much information about it — both positive and
negative. On the one hand, cloud computing saves money because
it does not require IT infrastructure, servers, and it is very
scalable. On the other hand, it might lead to financial loss due to
security risks, possible data access problems, data privacy
policies, etc. Therefore, cloud computing evaluation based on
financial metrics is proposed in this article. This paper consists of
four major sections. The first section is a literature review of
cloud computing and its types. The next section describes some
common financial metrics such as CBA, ROI and TCO and
describes how they might be applied to evaluate cloud
computing. The third section proposes evaluation strategies, and
the last section contains the evaluation of a series of cloud
computing projects based on chosen evaluation strategies, and
results are verified based on expert opinion.
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I. INTRODUCTION

Cloud computing seems to be one of the most promising
sectors in the future of computing. The cloud model of
providing information technology solutions as a service can
greatly decrease the complication of IT management, therefore
enabling more pervasive use of IT. It is an opportunity for
small and medium enterprises to reduce initial investments,
enabling them to use sophisticated business intelligence
applications that only large enterprises could previously afford
[1]. To evaluate how well cloud computing is suitable for
enterprise, researchers recommend using financial metrics [2],
[3]. Most commonly recommended metrics are CBA, ROI and
TCO [4] - [10]. However, little information is available on the
results of financial metrics comparing one with another and
when comparing to other evaluation strategies. Therefore, this
paper aims to investigate how cloud computing can be
evaluated using several financial metrics and offering a
decision model that would be beneficial for enterprises
considering the use of cloud computing.

The rest of the paper is organized as follows: in Section 2,
we provide a view of cloud computing with its characteristics
and models. Section 3 gives the description of some financial
metrics. Section 4 lists evaluation strategies; while, in
Section 5 we apply evaluation strategies in case study. Finally,
we conclude the paper in Section 6.

II. CLouD COMPUTING

Cloud computing is becoming popular in the IT industry. In
recent years, the supply-and-demand of this new area has been
experiencing a large increase in infrastructure investment. The
National Institute of Standards and Technology defines cloud

computing as “a model for enabling convenient, on-demand
network access to a shared pool of configuration computing
resources that can be rapidly provisioned and released with
minimal management effort or service provider interaction”
[11] or in simple terms — “low cost flexible entry and exit”.

According to Cisco IBSG research [12], in March 2011, at
least 12 percent of all enterprise workloads will run on clouds
(public, private, hybrid and community) with distribution
based on different areas of enterprises shown in Fig. 1, and, as
a result, the percentage of cloud users will grow.
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Fig. 1. Cloud workload shift in different business sectors

Reasons for popularity of cloud computing are its features.
Cloud computing exhibits the following key characteristics:
e on demand self-service;
e rapid entry and easy exit;
e pay as you use (metered consumption);
e rapid elasticity, scale up/down, flex;
o shared pools, illusion of infinite resources;
e broad network access using standard internet protocols.

Based on computing infrastructure clouds can be divided
into four fundamental service models:

Business Process as a Service (BPaaS) allows managing
entire business process as a service in the cloud

Software as a Service (SaaS) allows users to use the
applications of cloud computing providers through a thin
client interface such as a web browser.

Platform as a Service (PaaS) allows users to deploy their
own applications on the provider’s cloud infrastructure under
the provider’s environment such as programming languages,
libraries, and tools.

Infrastructure as a Service (IaaS) allows users to manage
processing, storage, networks, and other fundamental
computing resources so that they can deploy and run arbitrary
software such as operating systems and applications.
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Clouds can be divided into deployment models (see Fig. 2),
which are based on access and security: 1) public clouds are
made available to the general public by a service provider; 2)
private clouds are operated solely for a single organisation,
whether managed internally or by a third-party and hosted
internally or externally; 3) community clouds are available for
several enterprises (usually subsidiary companies); and 4)
hybrid clouds allow for a composition of private and public
clouds that remain unique entities but are bound together,
offering the benefits of multiple deployment models.
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Fig. 2. Deployment models for cloud computing

III. FINANCIAL METRICS

The word ‘metrics’ refers to measurement, and financial
metrics are used for financial measurement. Financial metrics
say something about a body of financial data. In that way, they
are like descriptive statistics that reveal some characteristic of
the whole body of data that might not be obvious from
reviewing the financial figures.

Since the purpose of every business is to be successful, it
triecs to minimise its expenses and expand its profits.
Therefore, before implying cloud computing, an organisation
should evaluate how effective this decision is. Some financial
metrics can be applied in order to determine any potential
benefit or expenses of this decision.

Three financial metrics are addressed in this paper: cost
benefit analysis, return on investment and total cost of
ownership.

A. Cost Benefit Analysis

Cost Benefit Analysis or CBA is a relatively simple and
widely used technique for deciding whether or not to make a
change. As its name suggests, the technique simply adds up
the value of the benefits of a course of the action, and
subtracts the costs associated with it.

Costs are either one-time, or may be ongoing. Benefits are
most often received over time. This effect of time is built into
the analysis by calculating a payback period. This is the time it
takes for the benefits of a change to repay its costs. Many
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companies look for payback over a specified period of time —
e.g. three years.

In its simple form, the cost-benefit analysis is carried out
using only financial costs and financial benefits. For example,
a simple cost/benefit analysis of cloud computing use would
measure the economic benefit of using cloud computing. It
also would subtract from this the cost of transition and its use.
It would not measure either the cost of personnel work or the
benefit of mobility of a system. A more sophisticated
approach to cost benefit measurement models is to try to put a
financial value on intangible costs and benefits.

Several variations of the cost benefit analysis can be used to
compare the benefits and costs of cloud computing. The net
present value (NPV) is used in this paper. Net benefits are
simply the sum of benefits minus costs. The sum is discounted
at the discount rate. Using this method, if the NPV is greater
than zero at specified time moment T (the number of periods
from the beginning of the project) then it appears to be a good
decision for cloud computing implementation. The formula to
calculate the NPV of the single project is:

NPV = & (Benefit, — Cost, )

= (t+r) M

where Benefit; and Cost; are the values of the future amount
in time t, r is the discount rate and t is the year.

Academics, cost benefit guides and textbooks give widely
conflicting advice on discount rate selection, with
recommended rates varying from 1 to 15 percent. The
discount rate of 3 percent is used in the paper.

B. Return on Investment

Return on Investment (ROI) analysis is also one of several
commonly used financial metrics for evaluating the financial
consequences of business investments, decisions, or
actions [13]. As a cash flow metric, ROI analysis compares
the magnitude and timing of investment gains directly with the
magnitude and timing of investment costs. A high ROI means
that investment gains compare favourably to investment costs.

Most forms of ROI analysis compare investment returns
and costs by constructing a ratio or percentage. In most ROI
methods, an ROI ratio greater than 0.00 means the investment
returns more than its cost. When potential investments
compete for funds, and when other factors between the
choices are truly equal, the investment — or action, or business
case scenario — with the higher ROI is considered the better
choice, or the better business decision. To calculate ROI, the
benefit (return) of an investment is divided by the cost of the
investment; the result is expressed as a percentage or a ratio.
The return on investment formula:

(Benefit - Cost)
Cost

ROI =

@

In the above-mentioned formula “benefit” refers to the
proceeds obtained from selling the investment of interest.
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C. Total Cost of Ownership

Total cost of ownership (TCO) is a financial estimate whose
purpose is to help consumers and enterprise managers
determine direct and indirect costs of a product or system [14].
It is a management accounting concept that can be used in full
cost accounting or even ecological economics where it
includes social costs. For computer and software industries,
TCO tries to quantify the financial impact of deploying an
information technology product over its life cycle. These
technologies include software and hardware, and training.

General costs can be calculated as

T
TCO; = Initial Costs + X (Direct Costs + Indirect Costs) (3)
t=1

where TCOx is a total cost of ownership for n years, initial
costs include all costs that have to be paid in the beginning.
Direct costs include expenses that are obvious and easy to
manage such as software licence and maintenance fees,
hardware infrastructure and personnel training. Indirect costs
include expenses that are not obvious such as application
maintenance and upgrading, data centre infrastructure,
infrastructure administration, replacement, decommissioning
and others. Indirect costs usually are equal or greater than
direct costs and can be up to 70% of all expenses.

Speaking about cloud computing TCO, it is important to
remember about costs such as cloud license fees (rental fees
for using cloud services, and since with the growth, the
amount of cloud space will be increasing too, TCO model
needs to factor in a growth model that is realistic over the time
horizon of analysis) or cloud integration cost. However, at the
same time cloud computing eliminates software and hardware
upgrade costs (include cost savings for not having racks,
cooling, and switching hardware), and reduces labour cost as
there is no need to perform IT testing, user acceptance testing,
and IT development effort to re-apply past customizations.

Hence, cloud computing evaluation using TCO is
performed by comparing TCO of the use of cloud solution and
TCO of the use of traditional IT departments within
enterprises.

IV. EVALUATION STRATEGIES

Cloud computing evaluation with financial metrics allows
enterprises make proper decisions on the use of clouds. By
observing financial metrics in the previous section, it is seen
that metrics use different information and allow obtaining
different information based on economic nature of an
enterprise.

It is seen that cost benefit analysis and return on investment
evaluate both benefits and cost of the proposed alternative
and, as result, show how effective or non-effective a solution
is. However, at the same time both metrics are not very
detailed and thus might be not very exact. Total cost of
ownership deals only with costs of the system so that TCO of
only one alternative cannot show if it is sufficient or not — it
serves only as a tool to compare two or more alternatives.
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However, this method is very detailed and allows evaluating
both direct and indirect costs.

Hence, all metrics use information about costs and two of
them use information about gains or benefits. To perform
cloud computing evaluation, cloud computing criteria that
influence costs or gains need to be determined.

Positive criteria of clouds are application programming
interface (especially using SaaS model), device and location
independence that allows accessing information from any PC
or phone with internet access, virtualization that allows using
more servers without interfering main functions, multitenancy
that allows resource sharing, scalability and elasticity,
reliability and easier maintenance. Additional benefit of using
cloud is the use of best practices that enterprise usually does
during its transition to cloud solution, thus leading to the
increase in the utilization of work process that results in higher
profits. All of these criteria are applied to all types of cloud
models and turn a cloud into a tool to save money because it
does not require IT infrastructure, servers and it is very
scalable.

However, cloud computing has also negative aspects such
as a communication control security (how hard it is to
intercept communication process and make changes in the sent
messages), access risks (what will happen if a user has no
Internet access, how often back-up files are recorded, any
possible conflicts of multiple use of the same data) and data
privacy policies (government policies on data storage). The
criteria listed here are not necessarily a result of cloud
computing provider, but they can lead to extra expenses that
could be avoided by using inner IT infrastructure.

There are 18 key performance indicators (KPI) of cloud
computing that are evaluated as cost for each category:

e time related KPI — application releases frequently,
speed of reduction, optimisation time of delivery,
availability compared to current service levels,
workload cost;

o cost related KPI — speed of reduction, optimisation cost
of capacity, optimisation ownership use, utilisation;

e quality related KPI — nature of environment, supported
application number, optimisation cost of delivery,
green cost, experiential, intelligent automation;

e margin related KPI — number of servers, optimising
margin, revenue efficiencies.

Based on the information necessary for financial metrics
and cloud computing criteria, 3 evaluation strategies are
proposed for the evaluation of several cloud computing
projects from one of leading cloud solution providers.

The first strategy is based on 3 metrics to compare each
project that uses cloud computing to a similar project that has
its own IT structure. CBA and ROI metrics evaluate each
project and determine it as being successful if metrics value
exceeds 0; otherwise, the project is classified as unsuccessful.
TCO is calculated for cloud implementation project, as well as
for implementation of traditional IT departments, and when
cloud computing has less TCO costs it is classified as
successful. This strategy allows determining the efficiency of
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each financial metrics and its appropriateness for calculation
of this type of tasks.

The second strategy implies the use of all formulas (1-3) in
order to provide a combined metric for calculation. A formula
of new metric is:

T, Benefit
T=1g a+r)

T
— Initial  Cost — Y (Direct Cost, +
t=1

4)

.
+ Indirect Costt)]/[Z(Direct Cost, + Indirect  Cost ,)
t=1

+ Initial ~ Cost ]

where VT is the percentage of the return on investments at a
specified time moment T. Metrics evaluate between two
alternatives: cloud and tradition IT shop and suggest one with
the higher percentage.

The third strategy creates a model that helps to determine
the effectiveness of cloud computing based on the two
previous results.

V.CASE STUDY

The case study is performed to validate evaluation
strategies. The private cloud model is selected for the case
study because a private cloud has a higher risk of being
unsuccessful from an economic point of view. The reason is
the greater investment requirement. Thus, data are chosen
from 1000 projects on private cloud implementation from
America (67% of projects), Europe, Middle East, Aftica,
Russia (22%), and Asia Pacific (11%). 19% of projects were
implemented at large enterprises with transaction size more
than 1 million US dollars per year, 10% of all projects came
from medium-sized enterprises with transaction size between
200k and $1M, and 3% of the data were from small
enterprises with transaction size less than 200 000 dollars per
year. All of these transactions were performed in 2009.
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Fig. 3. Distribution of successful and unsuccessful projects based on the
number of servers and number of supported applications

Each project has key indicators listed in the previous

section and is evaluated by experts as economically successful
or not after three years of its use. All of the projects are shown
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in Fig. 3, where each case is illustrated based on the number of
servers and supported applications.

Each project has been evaluated based on financial metrics
(CBA, ROI, TCO, combined) in order to determine if a project
has been successful by its third year. Results of the
classification are shown as a confusion matrix in Table I. It is
a matrix showing the predicted and actual classifications in
order to determine a classification error more accurately.
Confusion matrix has four different possible outcomes: true
positives (TP) when successful cloud implication is marked as
successful, true negatives (TN) — unsuccessful implication is
marked as unsuccessful, false positives (FP), where
unsuccessful is marked as successful, and false negatives (FN)
when successful implication is marked as unsuccessful.

TABLE 1

CONFUSION MATRIX WITH RESULTS OF THE METRICS

Predicted class
successful unsuccessful
Actual successful 941 17
CBA class
unsuccessful 19 23
Actual successful 935 23
ROI class
unsuccessful 16 26
Actual successful 921 37
TCO class
unsuccessful 10 32
Actual successful 939 19
Combined class
unsuccessful 10 32

Receiver operating characteristic (ROC) graph is used in
this paper as a way to examine the performance of classifiers
[15]. The graph uses two standard rates that have been defined
for the 2 class confusion matrix — the false positive rate
(formula 5) and the true positive rate (formula 6):
rate = FP /(TN + FP) ©)

false positive

true positive rate=TP /(TP + FN) (6)

ROC graph is a plot with the false positive rate on the X
axis and the true positive rate on the Y axis [16]. The point
(0;1) is the perfect classifier: it classifies all positive cases and
negative cases correctly. It is (0;1) because the false positive
rate is 0 (none), and the true positive rate is 1 (all). Results can
be represented as single ROC point for non-parametric
classifiers (as financial metrics) or ROC curve for classifiers
that have parameters that can be adjusted. ROC graph with
financial metrics is seen in Fig. 4.

To compare ROC points it is necessary to equate accuracy
with the Euclidian distance from the perfect classifier, point
(0;1) on the graph. The best result (distance = 0.37) is obtained
using a combined method because it includes all benefits of
each method. Distance from the best point can be explained
with the fact that original classification was performed by
owners of cloud solution and their result might be influenced
by some other factors such as business sectors, made
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decisions, economic situations in different areas of the world
etc.
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Fig. 4. ROC graph with financial metric results

A classification model that determines if a project will be
successful in 3 years is presented by classical decision-tree
classifiers, which is visualized as a set of the decision rules.
The classification model constructed for the combined metric
is shown in Fig. 5.
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Fig. 5. The decision tree based on combined financial metric and expert
opinion

VI. CONCLUSIONS

With the pervasive discussions of cloud looming all around,
there is much debate about its actual efficacy. Many experts
believe that cloud computing leads to greater efficiency and
lower costs, while others consider that it is simply a trendy
buzzword that provides little more than upfront expenditures
and operational headaches.

As in the case with any solution — there is no one size fits
all.

For the majority of Small/Medium Businesses and even
small to mid-market commercial organizations (50 physical
servers or less), a private cloud may not be of immediate

relevance. Given the lower transaction volumes and typically
small data centres these organizations cannot justify heavy
investment in tools like automated provisioning, process
orchestration and chargeback. Though small companies aspire
to these things they do not typically produce the volume
necessary to justify upfront investment in enterprise
software/scripting and training to build end-to-end automation
like Amazon would. Additionally they lack the headcount to
embark down such an ambitious path.

For the large-sized commercial organizations (50+ physical
servers), a cloud certainly maintains its allure. For these IT
shops process is a real problem. They typically face
bottlenecks at every step of the process — ranging from the
approval of supported platforms to the actual procurement
process. Change Advisory Board (CAB) meetings are getting
old in such environments — they are ready for a paradigm shift
to IT-as-a-Service rather than the traditional 2-3 month order
fulfilment process.

Thus, organizations need to carefully evaluate their end
state objectives and determine whether the adaptation of cloud
technologies will help them get there while adhering to time
and budget constraints. Certain industries are more compelled
to explore cloud solutions in an attempt to lower lead times
and maximize margins. The critical issue of this exploration is
the understanding of the financial metrics and their
interpretation.
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Maksims Korpevs, Vineta Minkévi¢a, Markuss Holms. Makonskaitlo§anas noveértésana, pamatojoties uz ekonomiskajiem raditajiem

Palielinas interese par makonskaitloSanu, tapec ir daudz pozitivas un negativas informacijas par $o tehnologiju. No vienas puses, makonskaitlosana var palidzet
samazinat izdevumus, jo ta neprasa IT infrastruktliru un serverus un ir loti elastiga. No otras puses, makonskaitloSana var novest pie finansu zaudgéjumiem
vairaku faktoru d€l: pastav dro$ibas risks, iesp&amas datu pieejamibas problémas, datu konfidencialitates noteikumi utt. Lidz ar to ir nepieciesams veids
makonu novertésanai. Tapéc darba ir piedavats izmantot ekonomiskos raditajus: izmaksu un ieguvumu analize (CBA), investiciju ienesigums (ROI) un Ipasuma
kopgjas izmaksas (TCO). Papildus tiek izmantots kompleksais raditajs, kas ir veidots, apvienojot Sos tris raditajus. Gadijuma izpé&te ir veikta, lai parbauditu
novértéSanas stratégijas. Izpétei ir izveleti privatie makoni, jo privatajam makonim ir vislielakais risks biit neefektivam no ekonomiska viedokla - tas pieprasa
lielakas sakotngjas investicijas. Tapéc ir izpétiti 1000 privato makonu izmantoSanas projekti, un katrs projekts ar ekonomisko raditaju palidzibu tika klasificéts ka
veiksmigs vai neveiksmigs. Vislabakais rezultats ir iegiits ar komplekso raditaju, kas ir veidots, apvienojot tris iepriekSminétos ekonomiskos raditajus. Gadijuma
izpétes rezultats rada, ka maziem un vidgjiem uzpémumiem (lidz 50 fiziskiem serveriem) privatais makonskaitlo$anas risinajums nav izdevigs. Savukart lielajiem
uznémumiem makonskaitloSana var nodrosinat ekonomiskus ieguvumus. Tadgjadi organizacijam rlpigi jaizverté savus meérkus un janosaka, vai
makonskaitlo$anas tehnologija palidzgs Tstenot $§os mérkus, ieveérojot laika un budzeta ierobezojumus. Ir svarigi atceréties, ka dazadas biznesa nozar€s var dazadi
piemérot dazadus makona risindjumus, tadgjadi ir kritiski svarigi izprast ekonomiskos raditajus un veikt makonskaitloSanas noveértésanu, pamatojoties uz tiem.

Maxkcum Kopues, Bunera MunkeBn4a, Mapkyc Xoam. OuenuBanue 06,1a4HbIX BBIYHCICHHH HA 0CHOBAHHH JKOHOMHYECKHX MOKa3aTeeii

WHnTepec Kk 00JIa4HBIM BBIYMCICHUSIM MOCTOSHHO BO3PAcTacT, M, KaK Pe3yibTaT, HOSBIIETCS MHOTO MOJIOKUTEIBHOW M OTPHIATENbHOH HH(OpManun 00 3Toif
TexHonorud. C OmHOI CTOPOHBI, OOIaYHBIC BEMUCICHHS ITO3BOJIIOT KOHOMHTH CpPEICTBA, TaK KaK JalOT BO3MOXHOCTh M30aBHTHCS OT coOctBeHHOU UT
HH(PACTPYKTYPHI M CEPBEPOB, U SBILIOTCS OYEHb JIACTHYHBIM perieHneM. C Ipyroi CTOpOHBI, 00Taka MOTYT IIPUBECTH K ()MHAHCOBBIM HOTEPSIM H3-3a PHUCKa
CHIDKEHHUs 0E30MacHOCTH, BO3MOXKHBIX NPOOJIEM C JIOCTYIIOM K JaHHBIM, MOJUTHKU KOH()HICHIMATPHOCTH AAHHBIX M 110 JPYTMM HpPHYMHAM. B cBs3u ¢ aTuM
HEOOXOAUM CIIOCO0 OIEHMBAHMS OOJNAYHBIX BBIYHCICHHH. B paboTe Ui OneHMBaHMS IIpeUIaraeTcsl MCHONIB30BAHHE JKOHOMHUYECKHX IMOKa3aTellel: aHamu3
n3zepxku-Beironsl BCA, perrabensrocts naBecTnnnii ROI n o6mas croumocts BrageHust TCO. J[ONONHHUTENBHO HCHONB3YeTCs KOMIUICKCHBIH ITOKa3aTelb,
KOTOPBIIl OCHOBaH Ha OOBCAMHEHHMH IEPEUHCICHHBIX TPEX mokasareneil. C LeNbIO TNPOBEPUTH CTPATCTMM OLECHUBAHHS MPOU3BEACHO HccienoBaHue. Jls
HCCleIoBaHMs ObUIM BBHIOpaHBI YacTHBIC OONAaKa, Tak Kak YacTHBIC 0OJaka OOJbIIe BCETO IOIBEPXKEHBI PUCKY OBITH SKOHOMHYECKH Hed()(EKTHBHBEIMH H3-32
OoNBIIMX HAYaJLHBIX WHBECTHIMI. B mccienoBanum wcrnonb3oBaHbl JaHHBIE 1000 NMPOEKTOB IO BHEAPEHUIO OOJNAYHBIX BEIYUCICHHI, W KaXIbIH HPOEKT
KJIaCCH(UIMPOBAH C MOMOIIBIO SKOHOMUYECKHX ITOKa3aTelneil kak 3¢pdexTuBHbIA wian HeT. CaMblid JIydInHii pe3yJbTaT MOJyYeH C IIOMOIIBI0 KOMILICKCHOTO
IIOKa3aTes, OCHOBAHHOTO HAa TPEX BBIICIICPEUNCICHHBIX IT0Ka3aTelsiX. VcceqoBanue mokasano, 9To AT MajlblX U CPEIHHX mpeanpusatui (1o 50 dusmaecknx
CepBEpOB) YACTHBIC OOJNAYHBIC BBHIUMCICHUS HEBHITOAHBL OHAKO MIS OONBIIMX HPEANPUSATHH OOJNaYHBIC BBIYHUCICHHS MOTYT IPHHECTH 3KOHOMHYECKYIO
npHOBUTE. B CBSA3M ¢ 3TUM opraHM3alusM HEOOXOAMMO BHHMATEIBHO OLCHUTb LIEIU M ONpPEICIUTh, CMOTYT JIM OOJaYHbIC BBIYUCICHHUS JOCTHYb 3TOH LiEJH,
co0mozast OrpaHHYEHNs 0 BpeMEHH H 010/pkeTy. BajkHO HOMHHTB, 9TO B Pa3HBIX cdepax OH3Heca 00IadHbIe PEIIeHHS MOTYT OBITh UCIIONB30BAHBI O-PA3HOMY,
1 NIO3TOMY KPUTHYESCKH BaXKHO IIOHMMATh IKOHOMHYECKHE TIOKa3aTeNI! U POM3BOJUTH OL[CHHBAHHE O0JIAYHBIX BHIYUCICHHH Ha X OCHOBAaHUH.
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