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Abstract. Country's economic potential implies joicapability of the country's economy, its branchasd enterprises to
carry out production and economic activity, to ctesgoods and services, to supply the demand optimulation, to stimulate
production and consumption development. Country'®eomic potential is defined by estimating differeetonomic, social,
ecological, scientific and technical, political anather criteria, which, as a rule, are interconned@nd correlated. Each of
these criteria includes heterogeneous set of ecommrfinancial, social, political, juridical, educabnal, scientific and
innovational, ecological, cultural and other factsr every single of which can consist of independenindirectly correlated
subfactors called indices or indicators. In this wowe investigate the problem of estimating economitentials of groups
of countries according to their measurable economiimancial, social and other indicators in ordeotexport bank and
other luxurious services. The approach to solvirgetproblem offered in this work is based on the apeof the theory of
inverse and ill-posed problems.
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I. INTRODUCTION seventeen); the factor of economic freedom of a

Country's economic potential is defined by country consists of seven to nine indices depending
estimating different economic, social, ecological, the technique of estimation; the factor of global
scientific and technical, political and other aiid¢  understanding of risks and conditions of running a
which, as a rule, are interconnected and correlatedbusiness consists of six independent indices;atf
Each of these criteria includes heterogeneous fset af the level of ecology and understanding of ecizialg
economic, financial, social, political, juridical, risks in a country contains at least ten (dependimg
educational, scientific and innovational, ecologica the region, where the investigated country is sittia
cultural and other factors, every single of whiegmc and on the technique of estimation) independent and
consist of independent or indirectly correlated indirectly correlated indices; three indirectly
subfactors called indices or indicators. For instgan correlated indices — index of literacy, index of
([1]), the factor of the level of attractivenesgwfining  longevity, index of life quality (actually, thisdex is
a business in a country consists of six independenbften considered a separate factor containing many
indices; the factor of the level of democracy in a subfactors due to its significance) — describdaleor
country also consists of six independent indicks; t of human development of a country (this factorfisro
factor of global competitiveness of a country carda  called Human Development Index); the demographic
only one index called Global Competitiveness Index;factor is described by one to five independent and
the factor of corruption level in a country is chefil by  indirectly correlated indices; the factor of thedeof
one to nine indices, among which there are botheconomic development of a country can contain up to
independent and indirectly correlated indices; thetwenty indices, the majority of which are indirgctl
factor of the level of market relations and comri@rc correlated; etc.
infrastructure development contains at least five  Country's economic potential should be considered
indices (depending on the region, where theas ageneric description of the level of econosucial
investigated country is situated, and on the tepii  and juridical development of the country (see E&]-[
of estimation, the number of indices can reachand respective references given in these). If weotr
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emphasize only the level of economic development ofpotential or economic attractiveness of a country,
the country then this level includes two factors — unfortunately, does not exist.
economic resources and economic results of the In this work we investigate the problem of
country ([6]). Economic resources of a country,athi  estimation of economic potentials of groups of
are described by total volume, structure and qualit countries according to their measurable economic,
consist of all material assets, scientific, intetilal, financial, social etc. indices in order to expahk and
informational and labor resources the countryother luxurious to these countries. We construct a
accumulated on its territory as well as abroadmathematical model of the considered problem and
(including entrepreneurial ability and natural develop an iteration method which allows finding
resources). Economic results of a country, whigh ar solution of the constructed model. In additionttanie
described by total volume, structure, quality andcarry out a computing experiment ([10]), which
technical level of production and services, makesSr implements the constructed model: in this experimen
domestic product (GDP), Gross national productthe initial data are values of 30 indices of 8 €arand
(GNP), national income (NI), structures GDP, GNP Eastern Europe's countries for years 2012-2014.
and NI as well as physical amount of production of
these types of goods which are the most signififant [I. STATEMENTOFTHEINVESTIGATED
the country at this stage of history. PROBLEMAND ITS MATHEMATICAL MODEL

There exist many methods for estimation of A. Verbal statement of the investigated problem
country's economic potential, for example, methbd o In this section it is assumed that duringears we
sum of places, method of numerical scores, metiiod oestimatek economic, financial, social etc. indices of
multidimensional mean, method "Pattern”, method ofm countries, and that ifth year each of k indices of
multidimensional comparative analysis, different by the j-th investigated country is estimated by one
the level of complexity methods of deterministiddan numbera; ;, which integrally describes many factors
stochastic factor analysis, big amount of methads 0,\hich directly or indirectly influence these indicdt
expert evalua_tlon, etc. (see [2], [5]-[9]_ and regpe is required to:
references given in these). Analysis of the most _ determine countries' economic potentials and
pOP“'aF of those shows that hone of _the_m allows to rank the investigated countries according to the
gg;esr{iné?:ﬁle foerﬁeceéar?g]%, h\(/)vhmB. ”:gclecesarer;a\:)en package of found economic potentials;
econlomic potential of a specific\:N comlﬁltry o)r/ grodp o ~ determine "Degree qf ft_:worablhty of the year"
countries with more or less identical subjective for every year for all indices together as well as

; : : L ' for each of them separately;
economic, technological, social, political and othe B -
rank the years by "Degree of favourability of

conditions in a specific period of time. In additjo R g ;
these methods do not help to unambiguously and ;hezgﬁ?ar and by "Degree of succession of the

objectively determine how different same indices ar q - D f : f

in different countries, where the values of ecormmi tﬁ etect ,',n uence ot "Degree o s_u<|:cessf|0nh0

potential differ drastically or, on the contrarye aery the ‘year” on economic potentials of the
investigated countries.

close. In other words, all these extensively used Bef h h ical del of i
methods do not allow to objectively distinguish efore we go to the rr]at ematical model of just
formulated problem, let's make the following

influence of every economic, financial, social etc. - TR
index on economic potential both by time unit aad f @SSUMPtions on the values of the initial indices
every country by different sets of indices. Thisame { _ _}J:im
that unambiguous and objective partitioning of@ugr Hicin
of investigated countries according to the popularnegative numbers and then, likewise in the thedry o
methods is impossible (for instance, see theZero-sum matrix games zero and negative elements of
fundamental work [2]). The main reason of lack of payoff array are transformed into strictly positive
relevant methods for unambiguous and Objectivenumbers, in our problem we will transform zero and
estimation of country's economic potential, in our Negative indices into positive numbers. It can gkva
opinion, is subjectivity of methods for finding aqui be done, for example, by increasing every elen@ent

not given weighted coefficients of indices (let us

remind that weighted coefficient of an index desesi ,

its relative significance in overall evaluationuthors By one number, for instance,
of the present work are sure that the above meadion

subjectivity can be eliminated using the powerful o o j=Im
apparat of the theory of inverse and ill-posedinstéad of initial values of '”d'Ce{a—,j}i:ﬁ
problems, which is sucpessfully _used in different ,5ve new values

problem of mathematical physics: at present,

application of this apparat to economic analysis,

particularly, to the problem of estimation of ecomo

: some indices ; can be equal to zero or

84



Proceedings of the FMinternational
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j=L,m def
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Obviously, after this operation we receive a
problem which is equivalent to the original oneafh
is why rom now onwards, without loss of generality,

we will consider that forV(izl,_n; ] =L_m) holds

true g ; >0. Let us show another way of securing

positiveness of indices. Its essence consistspeeial
=1m

standardization of values of initial |nd|c§a1 } -
=ln

using the formula

A a
&, =Ti_ K 2
def ]
where A, = SLLP{Q,J-}—_'M{QJ} stands fori -th
j=1Lm =1,m
_8 31J
saltus/leap,5IJ =—A (O<Vg < 1) means
g.

oscillation. Also it is obvious that this procedure

creates new package of standardized positive data

j=Lm

fo

a,
B. Mathematical model
The offered mathematical model of the above
formulated problem has the following form:

_—, whereO<e<§ <l+e.

{

where
j=Lm

pule

__ is the result of standardization of initial
I1=1,n

indices according to any known procedure, for
example, according to the formula (2), or the fdamu

~ a,-min{a,|
o max{al} minfa, |

=1lm

mn

s G-
or the formulaX =J—n],
%
in whichm; denotes average deviationjoth index,
ando; denotes mean-square deviationjoth index;

X; is the desired economic potential jofth
country;
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vectorx:(xl,...,)gn)T is the desired ranking
of the investigated countries by the values of
standardized indice%fg'j} duringn years;
parameter W, is the desired "Degree of
favorability of the year" fo{- th year;

— vector :(V\gl,...,v%)T is the desired
"Degree of influence of years' favorability";
def
— parameter W, =max{w} is maximal

i=1n
possible estimate "Degree of favorability of the
year" by all years: this parameter also is

unknown, becaus@/ (i =1,n) are unknown;

parameterss is "Sensitivity switch”, which
means sensitivity coefficient of the model (1) to
the package "Degree of succession of the year",

i.e. sentivity of (1) to residuaIZ|>A§,j - X |;
j=1

obviously, forss=0 the model (1) becomes a

model, using which the decision-maker makes
his decision concerning countries' rankings by
their economic potentials by the way of
reduction of values of standardized indices
during n years without taking into account

their correlation in every year; when the
coefficient ss in the model (1) increases,

increases also significance of correlation of
standardized indices' values duringears for

decision making concerning rankings of
countries according to their economic
potentials.

parametep > ( is a controlled parameter and

it plays the role of proportionality coefficient of

the desired economic potential for each of the
investigated countries to the weighted sum of
standardized indices of all investigated
countries. This controlled parameter is chosen
arbitrarily, for example, it can be equal to the
number of investigated countries, that

iSp =m.

Ill. DEVELOPMENTOFITERATION
ALGORITHM FORSOLVING THE
CONSTRUCTEDMATHEMATICAL MODEL
In order to solve the constructed mathematical
model (1), first of all, let's rewrite it in a comgt
matrix form. To do this, we introduce a mat.qqa

of resudials of size nxm, defines as
def j=1,m
X

x|

i=Ln

~

X Also, we introduce a

Residual = {

def
constant vectolW =

N
[%axwmaxJ of size nx1,
n
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. def . j=Im .
and a matrix X E{xj} — of sizen x m, whose

i=ln

meaning is obvious. Then the model (1) allows the

following matrix notation with parametgg:

x=p-X'w

{ 3)
W:Wmax_ SS x{esidual |
where | denotes column vector of sizénxl,
consisting only of units.

In the model (3) the unknown are vecterandw,
and in order to find them we offer the following
iterative process:

=1 w=W_;
;
X" = p- - i( w , VI=01...; ()
i-1|j=1
Wr=W_-—ss Xt | VEOL.. ;

Remark 1. The offered iterative process (4) is,
generally speaking, somewhat incorrect as we aiprio

assume that we knowV,,, while this does not
obligatory correspond to the truth and restricta/g@o

of the (1) (and (3)): in the model (3 (i=1n) are

the desired unknown elements, thus,

def
W, =max{w} cannot be a priori known, which
i=Ln

makes unknown als¥V_,. In the offered iterative
process (4), whose aim is to find the desired efasne

{Xser X% W, W) from the model (1) (or (3)), a

priori is assumed that we know the vector
T

def

Wi =| max w} ..., mak )

i=1n i=1n

That is exactly why values of found by the iterativ
process (4) elementéxl,...,xn ;V‘if"’V\‘} can differ

from the real values, i.e. from the values we genf
the model (1) (or (3)) not by use of the iteratiwecess
(4), but by use of any other algorithm which does n

have the above mentioned assumption about usia prio

W

max*

Now let's investigate convergence of the iterative

process (4). Let's separately consider cases0 and
SSe(O,]]. For ss=0 the iterative process (4) does
converge. Indeed, in this case we have:
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where W,.,,; means;j -th coordinate of the vector

W, Then we can write:

n

2

i=1

Zm:f?,i 'V\Aaxj

j=1

p'XT'V%ax

Z;xl '\Nnaxi

i=1
which confirms convergence of the iterative process
(4) for ss=0.
Now, as all discrete functions which participate in
the iterative process are continuous by paramgtgt
is not difficult to see that the iterative procé$sdoes
converge forSSe(O,]] unconditionally. Indeed, from

(4) we get recurrent function

:X,

XT-w
ixj .(Wmax_ SS &esidual' l)

j=1

1
n

i=1

constanwhich may have a point of break only if the

denominator i.e.

i ilxl '(Wmax_ SS &esidual' I)
j=

i=1

other hand, according to the conditions of usehef t
mathematical model (1), elements of the initial nixat
of estimates X must be strictly positive, i.e.

%, >0 Vi =1,n,Vj=1m Thus, the condition of

equals Zero,

=0. On the

existence of break point of functio'*! is the
condition W, — ss X._...- |=0. As deviation of

W from W, is proportional to the sum of residuals
between rankings of the investigated countries and

estimates of k parameters, we can write
Wh-W, =—ss XL .| Obviously,
1
WT-W_ <0 for VI=0,1 2,... Consequently,
~ Vv|+l_Wm

ax H
SS I >0, which

Residual *

= is true only for
-X

W™ > 0. That is why, functionx'** has no points of

break, i.e W, —SS %
we can write

esiqua© 17 0. In other words,
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p- X"-w
ZmZXJ '(Wmax_ Ss X?sidual' l)

=X

which finishes the proof of unconditional convergen
of the iterative process (4) f@se(0,]].

The questions concerning stability and
convergence rate of the iterative process (4) ate n
investigated in this work.

investment position (billion EUR); P27 — Capitadfit
(CF) (million EUR); P28 — Quality of Life Index;
P29 — Offshore concentration defined on indirect
indications (+1 for each indication); P30 — Ratio o
financial and non-financial wealth.

Remark 3. It is necessary to mention that thisket
30 indices does not claim to be "the fullest and
absolutely true" set, having which is necessary and
sufficient to estimate customer segment of the
investigated countries of Central and Eastern Eairop
in order to carry out potential export of bank aider

Remark 2. As we can see from the model (3) and,y, rious services. In other words, authors of itk

iterative process (4), the dependence of compormdnts
vector w from the sensitivity coefficiengs has a

admit that respective specialists (for example,
specialists in investment and financial servicegym

more complicated nature than the dependence Ofot agree with the choice of exactly this listmdices

vector x from the parametep. The value of
sensitivity coefficientsse (0,1] can also be chosen
arbitrarily, but it must secure fulfilment of cotidins

w*>0 for ¥(i =1n;1 e {QUN).

IV. RESULTSOF COMPUTINGEXPERIMENT
A. Choice of the group of countries and time
interval, selection of necessary indices
In this section the computing experiment ([10]) is
described. As the investigated countries were ah8se

countries of Central and Eastern Europe: Repulflic o

Bulgaria, Republic of Croatia, Czech Republic,
Hungary,
Republic, Republic of Slovenia; as the investigate
time interval was chosen the interval [2012, 2034];

the economic indices were chosen 30 economic, - o
_procedure of standardization to all 30 indicesuaed

financial, social, demographic etc. indices: P1
Population size of country (thousands); P2

Population size of largest cities (thousands); P3
Population of the largest urban agglomeration & th

range of >200 000 (thousands); P4 — Urbanization

(thousands); P5 — Number of adults (thousands); P6
Total wealth (billion EUR); P7 — Wealth per adult
(EUR); P8 — Wealth of adults in the range<ad 000

EUR (percentage); P9 — Wealth of adults in the eang

of 10 000 + 100 000 EUR (percentage); P10 — Wealth

Romania, Republic of Serbia, Slovak : :
deconomic potential for export of bank and other

and may offer a more adequate list, which could
seriously differ from the one we offer. Howeverisit
worth noting that authors of this work have cho36n
indices out of 43 economic, financial, social,
demographic, political, educational etc. indices
(extensively used by The World Bank and other
transnational organizations of relevant profile),
beforehand analyzing their "suitability" in our
investigation — estimation of economic potentialaof
group of countries for possible export of bank and
other financial luxurious services to these coestri
Remark 4. Indices P8, P12, P16, P19, P20, as
opposed to other 25 indices, have the following
property: big value of each of them causes smaller

luxurious services.
Remark 5. Before implementing the necessary

the following simple scaling to the indices P8, P12
P16, P19, P20 and P26:
the values of indices P8, P12, P16, P20 are

scaled according to the ru =100-3 ;

— the values of index P19 are scaled according to
the ruled; =1.1-3 ;

— the values of index P26 are scaled according to
the rule§; =-§ .

of adults in the range of 100 000 + 1 000 000 EUR  Thjs scaling, obviously, conserves distributional

(percentage); P11 — Wealth of adults in the rarigd. o

similarity of these 6 indices, however it allows to

000 000 EUR (percentage); P12 — Gini index; P13 —gjiminate the inverse proportionality of these Gides

GDP (billion EUR); P14 — Growth rate in Real GDP

(percentage); P15 — GDP (at purchasing power parity

to the potential of export of bank services.
Remark 6. As method of standardization of initial

per capita (EUR); P16 — Unemployment rate published,ajyes of all 30 indices we chose the formula (2),
by the EU Labour Force Survey (percentage); P17 wyhich implies implementation of the mathematical
Consumer prices per annum (percentage); P18 model (1), (2) both for finding economic potentiafs

Foreign direct investment (FDI) net inflows (milio

the 8 investigated countries and for finding the

EUR); P19 — Exchange rate stability; P20 — Ease ofyeighted coefficients of 30 indices.

doing business index (+1 for position);

(EUR); P22 — Economic Development Board

P21 -
Economic Development Board (EDB)/ Paying Taxes

B. Results
The results (in brief) of the conducted computing
experiment are reflected below. Let's note thahas

(EDB)/Tax Burden (percentage); P23 — Economicinjtial data the real values of P1-P30 indices)(faf 8
Development Board (EDB)/Trading Across Borders gpove-listed countries in three years (2012-201d) a

(position); P24 — Corruption Perceptions Index (CPI
P25 — Credit rating (0+100); P26 — Net internatlona
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taken.



Sharif E. Guseynov, et al./ Environment. Technal&gsources, (2017), Volume 11, 83-88

_ Tablel. N of the countries, but also the weighted coefficenit
The ratings and the ecoé‘gﬂ'tiiggte”“a's of thestigated 8 all indices without any subjective assumptions and
oot Abridged results ad(_jmonal mforr_ngyon, using only value of indices
ountry Rating Economic potential which form our initial data.
Republic of Bulgaria 7 2.986
Republic of Croatia 6 3.230 VI. ACKNOWLEDGMENTS
Czech Republic 1 5.359 Authors of the present paper express sincere
Hungary 2 4.303 . . « .
Romania 3 3474 gratitude to the colleagues AndriatNn$ and Kristaps
Republic of Serbia 3 2542 LeSinskis from BA School of Business and Finance,
Slovak Republic 4 3.879 Riga, Latvia for their valuable remarks on seletid
Republic of Slovenia 3 4.225 the necessary indices in order to carry out comgulti
experiment; as well as Dr. Ivars Big from University
. Table 2. . of Latvia for his detailed discussion and helpoider
The ratings of the years by the found potentias/gr o po
Ordered v Value of rafi to computer realization of the developed by thagné
rating ear alue otrating paper's authors the mathematical model and method.
1 2012 9982.33295056359 For the first and the third co-authors the present
2 2013 9982.80211546073 article was executed within the framework of That&t
3 2014 9983.07377612381 " . .
Research Programme "Next generation Information
Table 3. and Communication Technologies" ("NextIT"),
Years-averaged standardized weighting coefficiealises of Project No. 4.
indices
Index Weight Index Weight REFERENCES
P1 0.401 P16 0.2862 ) X X ) ) .
Po 03345 P17 05536 [1] Various economic, financial, social, political, &g
P3 '1 1 P18 0'7475 educational, scientific innovative, ecological, touhl, etc.
. : factors. [Online]. Available: http://www.worldbargdtg/,
P4 0.2878 P19 0.2768 http://www.eiu.com/home.aspx, https://www.weforurg/o
PS5 0.3347 P20 04571 http://www.transparency.org/, http://www.heritage/o
P6 0.6591 P21 0.3833 https://www.ihs.com/industry/economics-country-rfgknl,
p7 0.6294 p22 0.3363 http://www.prosperity.com/, http://hdr.undp.org/en
P8 0.3605 P23 0.386 [Accessed: March 13, 2017].
P9 0.4164 P24 0.5681 [21 P. R. Krugman and M. Obstfelditernational Economics:
P10 0.9553 P25 0.542 Theory & Policy 8th Edition. Boston-San Francisco-New
P11 1.1 P26 0.4783 York, USA: Pearson Addison Wesley, 2007, xxviii+87
P12 0.5578 P27 0.2944 [3] P. R. Krugman and R. Wells,cBnomics 4th Edition. New
P13 0.4987 P28 0.3921 York, USA: Worth Publishers, 2015, xliii+1016 p.
P14 0.4081 P29 0.3223 [4] P. R. Krugman, R. Wells, and K. Gradd¥ssentials of
P15 0.3744 P30 0.303 Economics2nd Edition. New York, USA: Worth Publishers,

2011, xxvii+604 p.

A. Chalenko, "Methodology for determining the ecorno
potential”, February 2013. [Online]. Available: gttkapital-
rus.ru/articles/article/metodika_opredeleniya_ekoizhesko

V. CONCLUSION g

In this work we investigate the problem of

estimation of economic potentials of a group of
countries by their measurable economic, financial,[®!
social etc. indices with the aim of export of bamid
other luxurious services to these countries. Imtbek,
in order to solve the assigned problem, we offaed(a
justify) a qualitatively other approach based oa th
apparat of the theory of inverse and ill-posed f[mais
and differing from the traditional approaches, vehar
priori not given weighted coefficients of the
measurable indices are set by the use of additiond?!
information, which, from the point of view of
mathematical rigor, in no way can claim to be [10]
objective: for example, by the use of surveys among
involved experts and other subjective procedures.

It is important to emphasize that our approach
allows not only to find the desired economic pdtdat

(7]

(8]
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