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Summary: Financial liquidity interconnections are close to be a portfolio investment
problem. The following article is a result of the Slovak—Polish cooperation, between partners
from University of Economics in Bratislava and Wroclaw University of Economics. We have
created a set of three programs in MS Excel which calculate the approximation of the border
of the investment opportunities. The applications are continually developed. All programs are
written in VBA for Excel. The following article introduces the second and the third program in
which we have coded the fundaments of the portfolio selection to the VBA Excel. Their names
are FINV and IDPORT. The FINV calculates the border of investment opportunities by using
matrix algebra. FINV works with the enabled short sales. IDPORT calculates the border of
investment opportunities by using SOLVER, which is the optimization library. The software
has many settings which will be described in the article. It demonstrates the fundaments of
the theory of investment portfolio and it is suitable for the teaching purposes at this stage of
the development.
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1. Introduction

Investments that could be considered as a portfolio are a subject of a financial
liquidity management case. Such a kind of investments enterprises is created due to

' Acknowledgement: Research project was financed by National Science Centre granted accor-
ding decision nr DEC-2014/13/B/HS4/00192, the paper is part of the monothematic cycle about orga-
nization flexibility, liquidity and slvency relations with efficiency of the small and medium enterprises
maintaning full operating cycle.
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investing money in current assets known also as working capital [Michalski 2012].
The consequences of managerial decisions at the current assets investments level
impact the cash flows and the financial position of an enterprise. There are two
kinds of current assets investment influences: positive, linked with cash revenues
stimulation and a decreasing level of risk, and negative, linked with increasing
cash expenses [Keynes 1936; Michalski 2014]. Current assets maintained in a firm
are linked with portfolio effects. Financial liquidity decisions could be considered
from three perspectives: from the point of view of the intrinsic value of financial
liquidity compared with market value of liquidity, from the point of view of risk
sensitivity of current assets investments consequences and from the point of view
of the behavioral finance approach to financial liquidity investments. Portfolio
choice problems concern all of them but here we concentrate on risk sensitivity on
the point of view of current assets investments consequences. Financial liquidity
investments in enterprises are made for safety purposes. Without them there is no
possibility to safely manage the operational cycle of an enterprise. The operational
cycle is realized as a main process in enterprise value creation, during which value
is added through collecting raw materials, next — thanks to using enterprise fixed
assets with energy and the intellectual capital of an enterprise — raw materials change
into final production. Finished goods are offered to enterprise clients, and the way
they are offered is also an opportunity to create additional value. Current assets are
important part of all the steps in the operational cycle. The lack of current assets at
any time of operational cycle realization could stop value creation and is linked with
possible long term consequences. The following article is a result of the Slovak—
Polish cooperation. We have created a set of three programs in MS Excel which
calculate the approximation of the border of investment opportunities. Applications
are continuously developed. All programs are written in VBA for Excel. The present
article introduces the second and the third program, which are able to find the border
of investment opportunities by solving optimization nonlinear tasks.

2. Theoretical introduction

2.1. Expected return and risk measures of shares

The Markowitz [1997] diversification is found to be the start of the modern theory
of an investment portfolio. Markowitz [ 1997] suggested measures for estimating the
risk of a portfolio and its expected return. Risk was measured as a standard deviation
and expected return as a arithmetical mean.

Expected return of a single share:

E(R) = Zkak’
k=1

where: R, is a random variable, p, is the probability of observing R,.
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n 2
The risk of a single share: o (R) = E[(R - E(R))ZJ =>'n (Rk - E(R)) ,o(R)=
k=1
o’ (R).
Arithmetical mean and standard deviation are the measures which Markowitz
[1997] started with. Other measures were developed afterwards.
The relatively new risk measure is Value at Risk (VaR). VaR is 0.01;0.05 or 0.1

percentile of the loss calculated from the random distribution of a share or investment
portfolio. The formula for VaR is :

VaR, = Vy(z40(R) + E(R)),

where z_is o quantile of the normal distribution and ¥ is the initial investment.

2.2. Expected return and risk measures of an investment portfolio

The expected return of an investment portfolio is calculated as:
E(Rp)zE(Zwk.Rszsz(Rk) >w, =1,
k=1 k=1 k=1

where: w, are the weights of individual shares. Weights can be positive or negative
in case short sales are enabled. Disabled short sales means that weights are non-
negative. The risk of an investment portfolio in case the risk measure was chosen as
the standard deviation is calculated as:

n n
2 _ )
o (Rp ) = Zwk o + ZZZWkWZGk,
k=1 k=1 1>k
or
2 T
o,=w Cw,

where C is a covariance matrix.
VaR calculation is different:

VaR, =V, ( ZaJ(Rp) + E(RP))’
where z_ is a-quantile of the normal distribution and V/ is initial investment.

Creating the border of the investment opportunities is a nonlinear programming
problem:

min O'Z(Rp)
B(Ry) = By, (a)
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Xwi=1, (b)
w.>0 (©)

In case short sales are enabled, constraint (c) is not active. The nonlinear task can
be solved directly for enabled short sales. In that case the weights are:

w=3"u1].47" [“1”] ,

T v—1 T yv-1
where 4 = ut X u o pt X .1]’

pf.x7t1 173711

w is a vector of weights, u is a vector of individual returns, 7, is a riskless rate, Y is
a covariance matrix and 4 is a portfolio return.

2.3. The tangency portfolio

The tangency portfolio is a portfolio which maximizes the Sharpe’s ratio. It is
a nonlinear programming task where:

E(Rp)—Rf
T 1
Z w; = 17 (a)
w0, (b)
It can be derived that for enabled short sales that the weights are:
_ E_l(u—rf.l)
T (u—rp) (2)

where w is the vector of weights, u is the vector of individual returns, rfis a riskless
rate and ) is a covariance matrix.

2.4. The global minimum variance portfolio

The global minimum variance portfolio is a portfolio with the smallest possible

variance. The weights of the global minimum variance portfolio can be derived as:
DR

W= 3)

Derivation (3) works just for portfolios with short sales. The global minimum
variance portfolio without short sales is a nonlinear programming task which has to
be solved numerically through optimization algorithms (SOLVER library).
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2.5. Expected return and its distribution

One of the assumptions of the investment portfolio theory is that the distribution
of returns is a normal distribution. We test every share and every portfolio with
the Jarque-Berra test, which tests whether the tested distribution is normal or not.
It is a test which is based on testing skewness and kurtosis. Normal distribution
has skewness equal to zero and kurtosis is equal to 3. That is why the JB test tells

that distribution is normal when Jarque-Bera statistics is close to zero. Jarque-Bera
2

statistics has y* distribution with the two degrees of freedom. qg 9(52)z 6 . If Jarque-

Bera statistics is smaller than 6, we accept H that the observed random variable has

independent and identically distributed normal distribution.

— 2
JB = g(mz g (i) )

— 1 (xe—%)3

skew = —yT_ ~t—
T-1 2

(xe—%)*

— 1
kurt = —YT_
7"—12t—1 sk

3. The presentation of the functions and operations
of the programs FINV and IDPORT

3.1. IDPORT software manual

IDPORT is software which has been written in VBA in Excel. It uses SOLVER
library for solving nonlinear programming tasks. It contains 6 sheets called: Inputs,
Risk and Return, Correlation Coelfficients, Results, Solver Solve and Graph. 1t also
contains one hidden sheet.

The sheet Inputs is a sheet which contains inputs as returns of individual shares
for particular periods of time. It contains also a MENU button which opens forms
which are used for the interaction between the user and the software. The sheet Inputs
contains also a simple protocol about settings which were used for calculations.

Figure 1 shows the parts of the sheet /nput. A is a simple protocol about calculation
settings. B is a MENU button which opens the dialog form. C is calculation time
which shows the beginning of calculations, the end of calculation and the difference
between those two. D is a simple protocol about the SOLVER settings which were
used for calculations. E is a column where users put the names of shares. F is a table
where users put the returns of individual shares for particular time periods.

Figure 2 shows the part of the Return and Risk sheet. A is for names of shares. B
is a column where individual returns are computed with the riskless rate at the top of
it. C is for Jarque-Bera statistics results. All the results which are higher than 5.9925
are in the cell with the red background. If Active Management was used, the type of



Figure 1. The Inputs sheet

Source: authors’ software.

A | 8 | ¢ [ o [ E ] ¢ | 6 [ w | 1+ ] o] x| vt ] m| N ] o
| 1|/ Sharescount:10 Short Sales: No
' 2 || Seasons count:60 B 3 [ ) Derivatives : Forward
3 || Riskless rate :0.01 i Use Multistart: No
1 Points count :5 \ M EN U Use Automatic Scaling : Yes D
5 | ERp)min=0.128 | Max Time : ;
6 || E(Rp)max=0.1087 i — Iterations :
| 7 | \ Active management : Yes 72214 72218 0:00:04 | Convergence :0.0001
3 i \Precision :0.000001 )
194 Probability
i()uf Name of the share 1/n 1/n 1/n 1/n i/n 1/n i/n i/n 1/n in ..
11 ALAS.L -0.07606 -0.11869 -0.36798 -0.20583 -0.01815 0.001857 -0.3337 -0.15637 -0.4216 -0.13386 0.151374 0.078714 -0.13003 0.1273¢
112 GB22L -0.27039 -0.13755 -0.20115 -0.00218 0.121284 0.146741 0.065067 -0.14181 0.035667 -0.27187 0.004757 -0.30317 -0.23824 -0.0971
13 HRUB.L -0.10258 -0.01363 -0.04413 -0.15543 0.041079 -0.15892 -0.00766 -0.17814 -0.08732 -0.15691 0.145798 0.042347 -0.29953 -0.123¢
14| HTY L 0.018296 0.037915 -0.14243 -0.03787 0.035737 0.166139 -0.04748 0.005312 0.042219 -0.01583 -0.00983 0.06958 -0.0813 -0.134¢
15 IDH.L 0.080256 0.037221 0.043104 0.019758 0.023456 -0.00613 0.004629 -0.01789 -0.01798 0.051429 0.053895 0.046589 -0.07304 -0.04%
16 | IPPL 0.155229 0.073137 -0.03676 0.091311 0.031285 0.045048 -0.0201 0.089016 -0.10632 -0.08584 0.066044 0.138509 0.235362 0.0135C
(4 JMGS.L 0.182302 0.134433 -0.14196 -0.12741 -0.08589 -0.18577 0.148121 -0.05866 0.32016 -0.01502 0.039266 0.092047 -0.00754 -0.0157
18 | KEAL 0.12134 0.26362 -0.04083 0.187885 0.164048 0.021128 -0.05982 0.269013*0.318148 0.288666 0.038972 0.218763 0.063314 0.20124
19 LAM.L -0.0099 0.026449 0.358703 0.256125 -0.22765 -0.04941 0.102282 -0.30724| -0.25945 0.127812 0.273456 0.010447 0.350319 0.09202
20| MAE L -0.16826 -0.13536 -0.04661 0.35868 0.214741 -0.19836 0.297972 -0.34308| -0.04693 -0.22059 0.021966 -0.07469 -0.56096 0.30625
21
22|
23
0 F
5 E
26

uono9[as 01[0j31od JO sjudwEpUn} dY) JO UOIBIISUOWIP dY} I0] dIBMIJOS
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14 HTY.L 0.0062 0.0063 0.0791 -0.1778 -0.1239 -0.0952 0.1489 0.2882 0.0715 -0.0480(>= 0.050
15 IDH.L 0.0220 0.0010 0.0320 -0.0525 -0.0307 -0.0191 0.2760 -1.0664 0.6008 0.3741
16 _|F'P,L 0.0240 0.0071 0.0842 -0.1718 -0.1144 -0.0839( -0.1629 -1.2453 0.6504 0.1663
17 JMGS.L 0.0170 0.0283 0.1683 -0.3744 -0.2597 -0.1986 0.4504 -1.2550 0.9944 0.0418
18 _‘KEA.L 0.1559 0.0194 0.1392 -0.1680 -0.0731 -0.0225( -0.4333 -1.4236 1.1574 1.0478
15 LAM.L 0.0018 0.0486 0.2206 -0.5113 -0.3610 -0.2809 0.0561 -1.2475 0.6537 -0.0373|<= 0.300
20 [MAE.L -0.0288 0.0569 0.2385 -0.5836 -0.4211 -0.3344 0.4961 -1.2867 1.1000 -0.1626
2
,22 {
23

Figure 2. The Return and Risk sheet

Source: authors’ software.
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19  -0.0119 0.0012 0.0350 -0.6261 0.9300 0.0443 0.0401 0.1221 0.1910 0.4742 0.0486 { 127 0.0000 0.0247 o
20 -0.0044 0.0011 0.0334 -0.4317 1.2030 0.0348 0.0257 0.1047 0.1544 0.4861 0.0927 ( E 1283 0.0021 0.0211 o

A‘ 0.0030 0.0011 0.02331 -0.2099 1.4261 0.0272 0.0132 0.0893 0.1216 0.4820 0.1336 C M27 0.0141 0.0181 o

22| 0.0105 0.0012 0.0340 0.0157 1.1823 0.0194 0.0006 0.0740 0.0889 0.4779 0.1747 0.0661 0.0571 0.0262 0.0151 a8

23 0.0180 0.0013 0.0361 0.2223 0.9912| 0.0111 0.0000 0.0552 0.0526 0.4666 0.2167 0.0751 0.0720 0.0393 0.0114 o
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26 0.0405 0.0024 0.0486 0.6273 0.5888 0.0000 0.0000 0.0000 0.0000 0.2967 0.3694 0.1010 0.1295 0.0978 0.0057 o

27 0.0480 0.0031 0.0554 0.6850 0.4924| 0.0000 0.0000 0.0000 0.0000 0.1642 0.4380 0.1083 0.1569 0.1278 0.0047 o
28 0.0554 0.0040 0.0632 0.7185 0.3008 0.0000 0.0000 0.0000 0.0000 0.0317 0.5067 0.1156 0.1844 0.1579 0.0037 (o]
29  0.0625 0.0056 0.0751 0.7046 0.4266| 0.0000 0.0000 0.0000 0.0000 0.0000 0.5347 0.0051 0.2508 0.2094 0.0000 a
30 0.0704 0.0114 0.1067 0.5662 0.1633| 0.0000 0.0000 0.0000 0.0000 0.0000 0.2158 0.0000 0.4385 0.3457 0.0000 o
31| 0.0779 0.0523 0.2286 0.2970 3.1045| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 5
32
33

Figure 3. The Results sheet

Source: authors’ software.
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the constraint is in D and the value of the constraint is in E. The Return and Risk sheet
contains also risk calculations such as standard deviation and VaR. It contains also
calculation of skewness and excess Kurtosis. In case the user chose a riskless rate,
the Return and Risk sheet contains also Sharpe’s ratio. The Correlation Coefficients
sheet contains correlation coefficients.

Figure 3 shows the Results sheet. A shows the tangency portfolio which was
chosen from the list of calculated portfolios according to the highest Sharpe’s ratio. B
shows the tangency portfolio which is a result of a separate maximization nonlinear
programming task. C is a column which contains Jarque-Bera test results. Those
results which are higher than 5.99 are in red background. D is an Solver library
output which tells us how the optimization task finished. The key to that value is the
Solver Solve sheet. E is a list of weights which were assigned to particular shares.

Border of Investment Opportunities

0.3
0.25 A
0.2

0.15 A

Expected Return
o
-

e
o
&

1
0.3
-005

-01 A

Portfolio Risk

Figure 4. The Graph sheet

Source: authors’ software.

Figure 4 shows the Graph sheet. It is a graph which shows the border of
investment opportunities. The red dots are single shares in return risk space.

Figures 5 and 6 show the menu. Basic Settings are used for settings of Points
Count, which is a number of nonlinear programming tasks. Riskless Rate is used for
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setting a riskless rate and the user has also an option not to set a riskless rate at all.
Limits are used for setting zoom on the expected return axis. Active Management
gives the user an option to back or penalize particular shares. This option adds an
extra constraint to nonlinear programming tasks. Solver Settings is used for setting
the solver library. Calculations use the default settings and if the user wants different

settings, this has to be set here.

-
IDport =S| 1oport [
Basic Settings l Active Management | Solver Settings | Basic Settings  Active Management I Solver Settings l
Points Count : Iﬁ V¥ Use Active Management
Name of a share
|| Riskless Rate : I Doesnotapply I ‘
i IPP.L - =< 0.335 & |
IMGS.L = il 0.34
I KEA.L 0.345 —I [
! |
I Lower Limit : 0.1281 F%EIL_j ‘
| w: |
i e | 0.1087 HTY.L = 0.06 ‘
JMGS.L => 0.1
/| I shortsales enabled LAM.L =< 0.35 ‘
| |

oK | Storno |

Remove |

Figure 5. Menu Basic Settings and Active Management

Source: authors’ software.

-
IDport

Basic Settings | Active Management  Solver Settings I

Constraint Precision @

Max Time (Seconds) :

[oomoor
—
C

I 0.0001

[~ Use Multistart

I Iterations :
||
|| } :
[V Use Automatic Scaling
||
| Convergence
||
i Derivatives
|| !; Forward " Central
|

Load defaults l

Figure 6. Menu Solver Settings

Source: authors’ software.
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3.2. FINV software manual

FINV is an application which does not use solver library. It solves nonlinear
programming tasks just by using matrix algebra. The tasks were derived just for
enabled short sales and that is why FINV works only with the enabled short sales. It
also does not contain Active Management. It uses the same sheets as IDPORT. The
menu is different and much simpler. The user sets just the number of points which
will create the border of investment opportunities and the riskless rate. The user can
also zoom into particular part of the border of investment opportunities by means of
the Use limits option.

We would like to show a small curiosity in the Results sheet. It is about how
tricky finding of the tangency portfolio is. This is what Figure 8 shows. If the global
minimum variance portfolio has the expected return smaller than the riskless rate,
then the tangency portfolio has a negative Sharpe’s slope. A is a tangency portfolio
which was selected as a maximum Sharpe’s ratio from all the calculated portfolios. B
is a tangency portfolio derived from (2). B has a negative slope and this is of course
correct. C represents the values of the global minimum variance portfolio.

Finv g

Points Count : I 5 j

Riskless Rate : I Does not apply LI

Lower Limit :

Upper Limit : 0.1087

-0.1281
OK | Storno |

C I W W W W

Figure 7. Menu of FINV software

Source: authors’ software.
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21 | -0.0688 0.0038 0.0619 -1.5977| 0.5984| 0.1601 0.1427 0.1765 0.3612 0.4625 -0.1529 0.0230 -0.0775 -0.0580 -0.0375
| 22 | -0.0629 0.0034 0.0583 -1.5939| 0.5288| 0.1489 0.1327 0.1700 0.3421 0.4635 -0.1304 0.0253 -0.0677 -0.0522 -0.0322
23 -0.0570 0.0030 0.0548 -1.5866| 0.4736| 0.1377 0.1228 0.1635 0.3229 0.4646 -0.1080 0.0276 -0.0579 -0.0463 -0.0269
24 | -0.0511 0.0027 0.0515 -1.5742| 0.4475 0.1266 0.1129 0.1570 0.20328 0.4656 -0.0855 0.0300 -0.0481 -0.0404 -0.0217
25 | -0.0452 0.0023 0.0483 -1.5552| 0.4692| 0.1154 0.1029 0.1505 0.2846 0.4666 -0.0631 0.0323 -0.0383 -0.0345 -0.0164
26 | -0.0392 0.0021 0.0453 -1.5272| 0.5597| 0.1042 0.0930 0.1440 0.2655 0.4676 -0.0407 0.0346 -0.0285 -0.0286 -0.0111
27 -0.0333 0.0018 0.0426 -1.4872| 0.7354| 0.0931 0.0831 0.1375 0.2463 0.4687 -0.0182 0.0370 -0.0187 -0.0228 -0.0059

Figure 8. FINV — the Results sheet

Source: authors’ software.
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3.3. Software settings

IDPORT needs the SOLVER library which is a part of Excel. IDPORT works
with the SOLVER library in the version for Excel 2010. It does not work with the
previous versions of Excel. The user has to add the SOLVER library manually before
opening the IDPORT worksheet. The user has to also enable macros after opening
the IDPORT worksheet. There is also something very important in successful using
IDPORT. The user has to change system decimal separator to point (.). Changing
the decimal separator just in Excel is not sufficient. That setting takes place in the
Control Panel in the Region and Language option. FINV does not use the SOLVER
library and that is why it works also in Excel 2007. Both applications were not tested
in Excel 2013 but they should work also with this Excel version.

4. Creating a sample portfolio

Table 1 shows the returns of Johnson & Johnson (JNJ), AT&T (T) and IBM (IBM) in
the quarter of the year basis for the period 2010-2013. We used adjusted close price
because it accounts for stock splits and dividends.

Table 1. Adjusted close returns for JNJ, T and IBM

Year INJ T IBM
2010 1q -0.010 —0.034 0.041
2q —0.002 0.040 -0.077

3q 0.105 —0.046 -0.033

4q 0.162 0.090 0.002

2011 1q 0.053 0.019 0.048
2q 0.032 -0.077 —0.003

3q 0.074 0.167 —0.050

4q —0.004 0.135 0.079

2012 1q 0.033 0.018 0.047
2q 0.003 0.017 0.020

3q —0.006 —0.047 0.071

4q 0.110 0.147 0.057

2013 1q —0.054 -0.021 0.133
2q 0.108 0.115 0.124

3q —0.088 0.013 0.000

4q 0.031 0.044 0.059

Source: www.finance.yahoo.com.
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We used 10 years US treasury bonds return as the risk free rate. This rate was at
the level of 2.668% on February 1, 2014. This information was taken from Yahoo
finance.

We applied FINV to the data. The computed basic statistics for the shares are
described in Table 2.

Table 2. Basic characteristics of INJ, T and IBM

Name Standard Jarque
of the | Return | Dispersion . VaR 0.01 | VaR 0.05 | VaR 0.10 q (E(R)-Rf)/s(R)
Deviation -Bera
shares
INJ 0.0341 0.0043 0.0656 | —0.1186 | —0.0738 | —0.0500 | 0.3154 0.1134
T 0.0362 0.0056 0.0751 | —0.1385 | —0.0873 | —0.0600 | 1.1703 0.1261
IBM 0.0325 0.0034 0.0579 | -0.1022 | —0.0628 | —0.0417 | 0.3389 0.0998

Source: FINV output using the data from www.finance.yahoo.com.

All the shares are normally distributed with expected returns from 3.25% to
3.62%. All the VaRs are from the one-dollar investment. The best Sharpe’s ratio has
AT&T, which is 0.1261.

Table 3 shows basic characteristics for the tangency portfolio — row 1 and for
global minimum variance portfolio — row 2. Johnson & Johnson weight is 32.94% for
the tangency portfolio and 35.69% for the global minimum variance portfolio. Both
portfolios have almost the same expected return 3.39% and 3.36%. Both portfolios
are normally distributed. Figure 9 shows the border of the investment opportunities
for enabled short sales.

Table 3. The tangency portfolio and global minimum variance portfolio

. . Standard
Return | Dispersion Deviation (E(Rp)-Rf)/s(Rp) | JB test INJ T IBM
0.0339 0.0017 0.0406 0.1783 0.7258 0.3194 0.2533 0.4273
0.0336 0.0016 0.0395 0.1734 0.1584 0.3569 0.1314 0.5118

Source: FINV output using data from www.finance.yahoo.com

Let us assume that an analyst has decided to back AT&T company and increase
the weight to at least 40%. We used IDPORT application for this purpose. We left
short sales enabled.

Table 4. The tangency portfolio for AT&T at the level of at least 40%

. . Standard
Return Dispersion Deviation (E(Rp)-Rf)/s(Rp) | B test INJ T IBM
0.0343 0.0019 0.0440 0.1736 1.2533 | 0.2263 | 0.4000 | 0.3737

Source: IDPORT output using data from www.finance.yahoo.com.
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Border of Investment Opportunities
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Figure 9. Border of investment opportunities

Source: FINV output using data from www.finance.yahoo.com.

As can be seen, both the expected return and the risk increased, whereas the
Sharpe’s ratio decreased. Active management has a lot to do with analyst’s intuition
and preferences.

5. Conclusion

Cash management and financial liquidity decisions in the context of their typical
interconnections are close to the portfolio investment problem. We have tried to
develop the software for portfolio selection modelling. This is just the beginning of
the development. A lot of things can be added. The software is mostly suitable for
teaching purposes at this stage of the development. We left source codes unlocked so
that junior analysts can read the code and discover all the details of coding and learn
a lot. Our ambition is to continue developing the application. We would like to add
many other pieces of the theory of the investment portfolio to our application in the
future. Further studies should be concentrated on the practical experience of using
our model in various problems solved in financial management, not only in portfolios
of liquid assets like cash, inventories and accounts receivables in enterprises with
a full operating cycle.
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DOBOR SKEADOWYCH PORTFELA AKTYWOW BIEZACYCH
Z UZYCIEM OPROGRAMOWANIA

Streszczenie: Autorzy stworzyli oprogramowanie dziatajace w $rodowisku Visual Basic.
Celem oprogramowania jest pomoc matym inwestorom, ktorzy zamierzaja utworzy¢ wiasne
portfele inwestycyjne. Autorzy pozostawili kody programu odblokowane w celu umozliwie-
nia badaczom i analitykom zrozumienia szczegotow kodu. Artykul zawiera takze przyktad
portfela.

Stowa kluczowe: teoria portfelowa, VBA, ryzyko, ptynnosé¢, zwrot, odchylenie standardowe,
statystyki Jarque-Bera.





