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Abstract: - Investment analysis assesses in a quantified manner the efficiency of allocating resources to several
alternatives, which can give a higher return in comparison with the lack of investment. The general investment
problem is the allocation of resources between several investment alternatives. This research presents a
particular investment problem for the allocation of financial resources to securities and the estimation of the
most appropriate investment portfolio. The quantification of this problem is based on the application of the
portfolio theory. The solution to the investment problem is supported by the support computer-based algorithm.
Without such informational and computer support the investment problem cannot be properly been defined.
The paper presents an application of the portfolio theory, but the added value is the demonstration of the
practical solution to the portfolio problem with a well-known software environment. Practically the problem,
which is solved is based on investment decisions with up-to-date investment instruments for the case of
financial funds. The portfolio problem is solved in an Excel environment and the programming steps are
presented in detail. This study illustrates the application of informational and computer support for solving a
complex problem such as resource allocation by portfolio optimization.
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1 Introduction portfolio theory, developed by Markowitz, considers
An important role of information and two important investment criteria, return and risk,
communication technologies is addressing solutions [5]. The portfolio problems have been sequentially
to problems, which give numerical values to their complicated in [6], [7]. An overview of the portfolio
results. Therefore, quantifying the problem results Investment prob.lems can be. found mn [8]. The
supports the decision-making for business formal t.o.ols, which insist on 1nformat10n.al support
management, technological control, planning, and are additionally extended in [9]. Modeling of the
wide cases from industrial and human life. investment processes is made with the support of
Particularly the investment problems insist on regression analysis, time series, machine learning,
precise assessment of each alternative, which can apd big data projects. Such modqhng is applied fqr
provide in the future additional benefit for the risk management, and estimation of economic
investor. In [1] the information support for factors, which influence the investment process. The
investment is assessed as a tool for coordination of role of information technology, which influences
planning, control, and production. The information investors in ngakmg decisions is assessgd in [lQ]. It
support is a key tool for reinvestment and recovery has been estimated the. beneﬁtg, which orlglgate
in Economics, [2]. The investment analysis is a from. the usage of . information technqloglcal
prerequisite for the adaptation of new technologies solutions. The term “Fintech” has been derived to
for modification and/or maintaining the current point to the.: apphcat-lon of information technology in
ones, [3]. The goal of such an investment is to the financial dom.am, [11]. Part Qf the benefits is
maintain cost-effective production and having that steps. of the investments, which are based on
maximization of the production return.  An technological analysis can be automated and
overview of the methods for investment and their performed without human intervention. Information
assessment is given in [4]. Formal methods, which technologies influence not only the investment
are considered portfolio management, are portfolio domain but they have a wider impact on society. An
theory, debt securities, and market derivatives. The analysis of the role of this technology in

socioeconomic development was made in [12].
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Information technologies are a main tool for
assessing and analyzing environmental pollution.
Practically it provides algorithms for assessing the
pollution of CO2 and to forecast its extension and/or
reduction in density-populated areas, [13].

This research targets the development of a case
study for the usage of informational support in
financial investments. The example, which is
derived is based on the usage of the formal
modeling from portfolio theory. An investment
problem with up-to-date data is defined. Next, it is
solved, based on the Excel software environment,

which is widely populated in socioeconomic
applications.
The paper contains four sections. The

introduction makes a short analysis of the role of
information technological solutions for investment
analysis and assessments. Section 2 presents shortly
the formal background of the portfolio theory,
which is applied to the definition of the investment
problem. Section 3 presents the practical case of the
definition and solution of the investment problem.
The final section contains the discussions and
conclusions for the applications of the derived case
with informational support.

2 Materials and Methods

This section makes the presentation of the main
classical background of the portfolio theory. The
portfolio theory is based on two important
assumptions: the investors like the return from the
portfolio and they are scared of the risk of the
investment [14]. The investment portfolio contains a
set of financial assets, each with its measure of
return and risk. The conceptual problem of the
investment is that the decision-makers have
information about the asset's productivity for
historical periods up to the moment of the
investment. However, the benefit from the portfolio
could be obtained in the future, when the investor
decides to capitalize on his investment. Therefore,
the investor has to forecast for future moment
productivity of the portfolio assets as returns and
risks and make the investment decisions now. This
difference in time is the main methodological
drawback to the successful application of the
Portfolio theory. The portfolio problem estimates
which part of the investment resource must be
allocated per individual assets, which will take part
in the investment portfolio.

Formally the portfolio return is the sum of the
relative returns, which the individual assets will give
to the portfolio. The portfolio analysis is based on
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historical records R N”((n) )of the individual
returns, which the different assets had

R, = [RW,RP, . RM)]
R, = [RW,RP, ., RW),

(1)

where n is the number of assets, that can participate
in the investment portfolio,

N is the number of historical data about the return R
of the appropriate asset. The dynamics of changes in
the return of an asset are illustrated in Figure 1.

Ri(tf s ¢
d | Ei-gi |
03
% 2 3 4 s & 7 8 8 10
t
Fig. 1: [Illustration of the dynamic of the asset

return RI in time

It is evident that the values of the asset return Ri
stochastically change. To forecast these values in
the future for the end of the investment period is not
practically reasonable. That’s why the real values of
the asset returns are assessed by their mean values
Ei i=1,...,n. Analytically are evaluated for the
historical period with n data. These mean values Ei
i=1,...,n are expected by the investors to be
preserved for the end of the investment.

E;=—Yi, R,

2

The quantification of the risk is performed in
the portfolio theory by the standard deviation of the
stochastic process Ri . From the statistics, it is
known that the probability that o random process
belongs to a confidence interval are the following,
[15]:
BPA(E, — 0,) < R(t) < (E,+ 0,)} = 68.27%

(3)
PA(E, — 20,) < R(t) < (E, + 20,)} =~ 95.45%
PA{(E, — 30,) <R(t) < (up + 30p)} =
99.73%,

where P_r {.} is the probability of a random R.
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When the confidence interval increases 2-3
times the standard deviation of the asset returns ¢_n
the probability of the real process R(t) belonging to
the confidence interval also increases. From
practical consideration, the confidence interval is
used to be {(E_n- 6 n)<R(t)<X(E_n+ o _n)}, which is
below and above of the mean value E i with one
standard deviation 6 n. Therefore if the standard
deviation is low, the confidence interval is tight and
the real process R will be very close to the mean
predicted value E_n. Therefore, the risk of the asset
is low. On the opposite case, if o _nhas high value,
the asset risk is also high, because the real process R
can take values in a very wide diapason. These
explanations make clear that the risk of an asset is
evaluated as the standard deviation of the asset
return, Analytically, the risk is evaluated as

1 )2 .
o =<3, (E-R®) i=1.n. (@&
The portfolio theory assesses the portfolio
return E_p as the weighted sum of the asset returns,
belonging to the portfolio

N
E, = di—1 WiE;,

)

where w_i is the weight or part of the investment,
allocated for asset i.

For the case of the portfolio risk, the portfolio
theory considers explicitly the correlations, which
insist between the asset returns. That is why the
portfolio risk is a complicated calculation and

presents a quadratic evaluation with the
coordination matrix
covy, = 0% COVyy ... Covy,
Loxn = , (6)
CoVCyy COVpy . COVpy = G2
where

E=cy==30 (RY - E)(R® - E) ,vij=1,.,n
Therefore, the portfolio risk is calculated as the
quadratic relation

ol =YL, Y cywiwy or of =wTEw.  (7)

The portfolio theory claims that the portfolio

return must be maximized while the portfolio risk
must be minimized. Thus, the portfolio theory
applies two criteria for optimization, which makes
the portfolio problem a multicriteria one. For
simplification of the problem, the portfolio theory
introduces a parameter A, which influences the
relations between the portfolio risk and portfolio
return. Following [16], the portfolio problem is
defined in the form:
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mv:"[Aszw— (1-NETw] , (®)
will =1, wT>0,
where ET = (Ey, ... ,E), W' = (Wy, ... ,w,,)
willl=w, + -+ w,=1, 0<Ar<I.

If =0, problem (7) makes maximization of the
portfolio return without considering the risk of the
assets. When A=1, the portfolio problem minimizes
the risk without considering the portfolio return. For
the intermediate values of A the portfolio problem
applies different relations between the portfolio risk
and portfolio return. For investors who are willing
to undertake risk targeting high values of return, the
parameter A must have a low value, close to 0. For
the opposite case, if the investor is scared of risk, A
must be high, close to 1.

For different values of A, the portfolio problem
(8) gives different solutions w(A). Respectively, the
portfolio return E,(A) and risk o7 (1) is taking
different values. The plot of these values gives the
“Efficient frontier” for this portfolio. The portfolio
theory recommends the investment be performed for
portfolios, belonging to the efficient frontier.

Problem (8) is applied in this research for the
assessment of portfolio investments in financial
funds, which the Bulgarian banks offer to investors
and individuals. The solution to the problem is
performed with the Excel environment, which
illustrates the application of information technology
support for making investment decisions in the case
of portfolio optimization.

3 Investment Estimations based on

Portfolio Theory
The informational approach is applied to the
definition and solution of the investment portfolio
problem. The investment is devoted to the allocation
of financial resources to investment funds. The
Bulgarian bank supports not only riskless
instruments as deposits but also financial activities
in funds, which are risky instruments.

The particular case for this research concerns
the evaluation of investment between risky funds,
which are operated by the Bulgarian United Bank
(UBB). Three funds have been chosen for this
empirical research, which illustrates the usage of
information technology for the definition and
solution of the portfolio problem. The funds, which
were chosen from UBB are:

eExpertise in dynamic Tolerant, (Fund1)

eUBB expertise ERAY DEF Conservative
(Fund2)

oUBB Expertise ERAY DEF Tolerant (Fund3)

Volume 21, 2024



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS
DOI: 10.37394/23207.2024.21.166

The price of a share, which each fund can buy is
published for every working day. The data were
recorded for a week time from 12 July to 19 July
2024. The available data are given in Table 1.

Table 1. Historical Returns of the Investment Funds

Date Fund 1, R; | Fund 2, R, | Fund 3, R;
12.7 11.099 10.91 11.4011
15.7 11.1115 10.905 11.4063
16.7 11.1044 10.9159 11.4131
17.7 11.1591 10.9448 11.4556
18.7 11.0299 10.8917 11.3361
19.7 10.9802 10.8839 11.3064
Mean E; | 11.0806 10.9085 11.3864
Risk o; 0.0613 0.0203 0.0523

The mean return E; for the assets ais calculated
according to (2) and the risk o; from (4). These data
make the input for the Excel sheet, Figure 2. The
data for the Fund 1 is recorded in cells B2:B7. For
Fund2 from D2:D7 and Fund 3 from F2:F7.

The mean values of the funds are evaluated with the
function AVERAGE. Thus cell B8 contains
=AVERAGE(B2:B7). The corresponding values for
Funds 2 and 3 are in cell D8 containing
=AVERAGE*D2:D7) and cell F8 with record
=AVERAGE(F2:F8).

The risk per fund is evaluated in sell B9 with
=STDEV(B2:B7), in cell D9 with record
=STDEV(D2:D7) and in cell F9 with record
=STDEV(F2:D7)

The covariance matrix X is calculated in cells
B10till D12. The cell B10 contains the volatility of
the Fund 1, evaluated by ==COVAR(B2:B7,
B2:B7). The covariation between Fund 1 and Fund
2 is calculated in cell C10 with =COVAR(B2:B7,
D2:D7). And the covariance between Fund 1 and
Fund 3 is in cell D10 with =COVAR(B2:B7,
F2:F7).

The field, where the solutions of the portfolio
problem (7) will be recorded are B15:D15, which
corresponds to the weights w(1), w(2), and w(3).
The goal function of (7) I is evaluated in cell B19.
It contains two components: risk by w'Iw and
return by ETw.

The return component is evaluated according to
(2) in cell Bl17 with the records
=(B8*B15+D8*C15+F8*D15).

The risk must be evaluated as a quadratic
relation (6). At first, the evaluation Xw is performed

in cells F16:H16. In cell F16 1is recorded
=SUMPRODUCT(B10:D10,B15:D15).
E-ISSN: 2224-2899
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A B | £ | D E | F | G | H
1 |Date Fundl % Fund2 % Fund3 %
2 12.7 11.099 10.91 11.4011
3 157 11.1115 0.112623 10.905 -0.04583 11.4063 0.04561
4 | 16.7 11.1044 -0.0639 10.9159 0.099954 11.4131 0.059616
5 | 17.7 11.1591 0.492598 10.9448 0.264751 11.4556 0.372379
6 | 18.7 11.0299 -1.1578 10.8917 -0.48516 11.3361 -1.04316
T | 19.7 10.9802 -0.45059 10.8839 -0.07161 11.3064 -0.26199
8 |mean 11.08068 -0.21341 10.90855 -0.04758 11.38643 -0.16551
g _risk 0.061308'1.802953 0.020335'0.322695 0.052299 1.30112
10 |COVAR  w 0.001044 0.002523
11| 0.001044 0.000379 0.000912
12 | 0.002923 0.000512 0.002507
13
le _wl w2 w3
15 | 0 0.867623 0.132377 SUM 1
16 |RISK 0.053888 Sumprody 0.001293 0.00045 0.001124
17 |Return 10.97181 landa 0.78
18
19 |GOAL -2.37177
20 |
21 |
22 |Landa Risk Return X1 X2 X3
23 | 0 0.250729 11.38643 o o0 1,
24 | 0.2 0.250729 11.38643 o 4] el
25 | 0.4 0.250729 11.38643 ] 0 1.
26 | 0.5 0.250729 11.38643 o 4] el
27 | 0.6 0.250729 11.38643 ] 0 1.
28 | 0.61 0.230979 11.35621 0 0.003251 0.936749
29 | 0.62 0.213168 11.32776 0 0.122777 0.877223
30| 0.65 0.167062 11.24767 0 0.290367 0.709633
3 | 0.7 0.109838 11.12945 0 0.537763 0.462237
32 | 0.74 0.077501 11.04637 0 0.711607 0.288393
33 | 0.76 0.064739 11.00811 0 0.791668 0.208332
34 0.78 0.053B88 10.97181 0 0.867623 0.132377
35 0.8 0.044715 10.93733 0 0.93978 0.06022
36 | 0.9/ 0.037906 10.90855 1] 1 ]
37 | 1 0.037906 10.90855 o 1 o

38
Fig. 2: Excel sheet programming the portfolio
problem

Respectively in cell Gl6 is written
=SUMPRODUCT(B11:D11,B15:D15) and in G16
is =SUMPRODUCT(B12:D12,B15:D15). The final
evaluation of the portfolio risk is the multiplication
of w with the intermedial result from F16:G16. The
portfolio risk is evaluated in cell B16 with the
record =100*SUMPRODUCT(F16:H16, B15:D15).
The value 100 is used for the transformation of the
risk in percent [%].

The goal function of the portfolio problem is in
cell B19 with the evaluations ARisk — (1 —
M) Return. The risk is evaluated in cell B16 and the
return in B17. The value of A is given from cell D17.
In cell F15, the constraint of the problem
wy+ -+ wy, =1,
It is recorded
=SUM(B15:D15).

Up to now, it has been programmed the sheet
for the evaluations of the parameters of the portfolio
problem. The solution to problem (7) is performed
with the function SOLVER, which must be
requested for installation by the “Add-ins” function
of Excel. Function SOLVER is situated in the
section “Data” of the Excel sheet.

in cell F15 the function
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The solution starts by putting the pointer of the
mouse over the cell of the goal function B19. From
the section “Data” we activate the SOLVER
function. An additional window appears, given in
Figure 3.

It sets the values of the goal function in cell
B19, the cells for the solutions B15:D15. The
constraint for the solution is in cell F15. The
nonnegative solutions are required. The solution of
the portfolio problem is performed with the defined
value of A. For the case of Figure 2 and Figure 3, the

value for A=0.78 gives solutions: Portfolio
risk=0.053888487;
Portfolio return=10.97181042, w(1)=0,

w(2)=0.867622853, w(3)=0.132377111.

These results say not to invest in Fund 1, in
Fund 2 to allocate 86.7% of the investment resource
and in Fund 3 the rest of 13.23% of the resource.

Solver Parameters

Set Objective:

]

sBs19

To:

O Max ® Min O Value Of:

By Changing Variable Cells:
5B515:5D515

£

Subject to the Constraints:
5F§15=1

Add

LChange

Delete

Reset All

Load/5ave

Make Unconstrained Variables Mon-Megative

Select a Solving
Method:

GRG Monlinear 4 Options

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.

Help

Fig. 3: The SOLVER window

Solve

4 Analysis of the “Efficient Frontier”
The solutions to the portfolio problem (8) depend on
the choice of the value of the coefficient A. This
value quantifies the ability of the investor to
undertake risk. This value depends on the subjective
assumption of a particular investor. Because the
portfolio problem can be solved by different
investors, practically it is recommended the
portfolio problem be solved for a set of different
values of the coefficient A. The solutions to the
portfolio problem can be graphically interpreted as
points in the space or return and risk. This graphic is
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the so-called “efficient frontier”. It is recommended
the investor choose one point from this curve, which
will be its preferred solution to the portfolio
problem.

In our case, the field A23:F37 is used to record
the solutions of the portfolio problem for different
values of the parameter A. One can see that if A=0,
which gives maximal optimization towards the
return, the portfolio problem recommends
investment only in Fund 3. For the case of A=1, the
portfolio problem makes minimization towards risk
and the recommendation is to invest only in Fund 2.
Fund 1 is not recommended for all values of A.
These results graphically give the “Efficient
frontier” of the portfolio problem. The set of
solutions of the portfolio problem (8) graphically is
resented as “Efficient frontier” in Figure 4. The
portfolio theory recommends that investors choose
one point from this graphic, which allocates the
investment per different assets.

TitAoc ypadnuatog

11,5
11,4
11,3
11,2
11,1

11
10,9
10,8

0 005 01 015 02

0,25 0,3

Fig. 4: “Efficient frontier” of the portfolio problem

One recommendation for the choice of a unique
point from the “Efficient frontier” is this one, which
gives the maximal value to the relation

. Portfolio return
Sharpe Ratio = max[f—,,].
Portfolio risk

This relation is titled Sharpe ratio [11]. For the
case of the portfolio with data from Table 1, the
solution with maximal Sharpe ratio is: Risk
=0.037906, Return=10.90855, the solution w=[0 1
0], and Sharpe ration=287.78. The peculiarity of this
solution is that the application of the Sharpe ratio
recommends investment only in fund 2, which gives
minimal risk of the investment, but the return is the
lowest. For the case of keeping diversification, the
investment policy does not recommend allocation of
resources only to one asset. For our particular case a
choice, which invests in two types of assets is
preferable.
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5 Conclusion

This research illustrates the benefit of the usage of
informational technological tools for the support of
decisions in difficult domains such as investments.
The informational technological solutions allow us
to proceed with a large amount of data, to identify
non-evident relations as correlations, and to define
and solve optimization problems. Keeping in mind
that optimization is a complex data processing
without informational technology tools will be very
time and manpower-consuming to define and solve
portfolio problems. Future development of the
portfolio assessment could be the usage not directly
the value of the prices of the Funds, but their
relative changes like (new_value-
old_value)/old_value. Thus, the initial portfolio data
could be calculated in cells C3:C7, respectively
E3:E7 and G3:G7. These modifications to the
portfolio problem can be easily performed with
information technology tools.

Acknowledgment:

The paper is supported by the Bulgarian National
Science Program “Intelligent Animal Husbandry”,
Grant Agreement No D01-62/18.03.2021.

References:
[1] I Kryvonohova, V. Muzhailo, Innovation and
investment monitoring as a tool of

information support for activation of the
innovation and investment activity of an
enterprise, Economics, ecology, socium, vol.
2, pp. 1-12, 2018, 10.31520/2616-
7107/2018.2.3-1.

L. Alekseyenko, O. Tulai, B. Ferens, V.
Tsap, V. Tsokalo, L. Artemenko,
Informational support for communication of
reinvestment recovery of the economy, in B.
Alareeni, A. Hamdan, (eds) Technology:
Toward business sustainability. ICBT 2023.
Lecture Notes in Networks and Systems, vol
927, 2024, Springer, Cham.
https://doi.org/10.1007/978-3-031-54009-
7_18.

D. Thomas, Investment analysis methods: A
practitioner's guide to understanding the
basic principles for investment decisions in
manufacturing, 2017,
10.6028/NIST.AMS.200-5.

Laopodis, Nikiforos. (2020), Understanding
investments: Theories and strategies, 2" ed.,
2020, 672 p- London,
10.4324/9781003027478.

(2]

(3]

(4]

E-ISSN: 2224-2899

2047

[5]
[6]

[8]

[11]

[12]

[13]

[14]

Ludmil lliev, Dimitar Karastoyanov

4A. Markowitz, H. Portfolio selection.
Journal of Finance, 1952, 7, 77-91.

4B Sharpe, W. Portfolio theory and capital
market, McGraw Hill, 2000, p.316.

4C Black, F.; Litterman, R. Asset Allocation:
Combining investor views with market
equilibrium. The Journal of Fixed Income
1991, 1, 7-18.

Kolm, P. N., Tutuncu, R., & Fabozzi, F. J.
(2014). 60 Years of portfolio optimization:

Practical challenges and current trends,
European Journal of Operational Research,
2014, 234(2), 356-371.

https://doi.org/10.1016/j.ej0r.2013.10.060.

R. A. DeFusco, D. W. McLeavey, J. E. Pinto,
D. E. Runkle, Quantitative investment
analysis. 4th Ed., 2015, Wiley, ISBN: 978-1-
119-74365-1, [Online]. https://download.e-
bookshelf.de/download/0014/3794/83/L-G-
0014379483-0045745193.pdf (Accessed
Date: August 20, 2024).

S. Solanki, S. Wadhwa, S. Gupta, Digital
technology: An influential factor in
investment decision making, International
Journal of Engineering and Advanced
Technology, wvol. 8., 2019, pp. 27-31,
10.35940/ijeat.F1007.11865419, [Online].
https://www.1jeat.org/portfolio-
item/F10071186S419/  (Accessed
August 20, 2024).

Varga, D. Fintech, The new era of financial
services.  Vezetéstudomany -  Budapest
Management Review 2017, 48, 22-32. DOI:
https://doi.org/10.14267/VEZTUD.2017.11.0
3, [Online]. http://unipub.lib.uni-
corvinus.hu/3170/1/VT 2017n11p22.pdf
(Accessed Date: October 17, 2024).

N. Roztocki, P. Soja, H. R. Weistroffer, The
role of information and communication
technologies in socio-economic development:
towards a multi-dimensional framework,
Information Technology for Development, vol.
25(2), 2019, pp.171-183,
https://doi.org/10.1080/02681102.2019.15966
54.

S. Alatas, The role of information and
communication technologies for
environmental sustainability: Evidence from a
large panel data analysis, Journal of
Environmental Management, Vol.293, 2021,
112889, ISSN: 0301-4797,
https://doi.org/10.1016/j.jenvman.2021.11288
9.

T. Stoilov, K. Stoilova, M. Vladimirov,
Analytical overview and applications of

Date:

Volume 21, 2024



[15]

[16]

WSEAS TRANSACTIONS on BUSINESS and ECONOMICS
DOI: 10.37394/23207.2024.21.166

modified Black-Litterman model for portfolio
optimization, CIT, vol. 20(2), pp. 30-49, 2020,
Print ISSN: 1311-9702, Online ISSN: 1314-
4081, DOI: 10.2478/cait-2020-0014.

URLI: Standard Normal Distribution
Showing Standard Deviations. Digital image.
Statistics How To, 2016, [Online].
https://www.statisticshowto.com/probability-
and-statistics/ (Accessed Date: August 20,
2024).

T. Stoilov, K. Stoilova, M.Vladimirov,
Decision support for portfolio management by
information system with Black-Litterman
model, International Journal of Information
Technology and Decision Making, vol. 21, pp.

643-664, 2022, DOI:
10.1142/50219622021500589.
E-ISSN: 2224-2899

2048

Ludmil lliev, Dimitar Karastoyanov

Contribution of Individual Authors to the

Creation of a Scientific Article (Ghostwriting

Policy)

- Dimitar Karastoyanov carried out the simulation
and the experiments.

- Ludmil Iliev was responsible for the
collection and Statistics.

data

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflicts of interest to declare.

Creative Commons Attribution License 4.0

(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the

Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
US

Volume 21, 2024





