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RISK ASSESSMENT OF INVESTMENT PORTFOLIO
OF A DIVERSIFIED GROUP BASED ON SOFT COMPUTING

Contemporary methods of quantitative risk assessment of investment based on the theory of
Sfuzzy sets and fuzzy logic are analyzed in this study. A new method of risk assessment, which includes
the risk of post-contractual opportunistic behavior of investment process participants, due to the
appropriation of additional income (quasi-rent) is developed. The results of risk calculations by the
basic and the proposed approaches are presented.
Keywords: corporate investment, fuzzy analysis; risk; incomplete contracts.
JEL classification: G3, C6, D810, D820, D§60.
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OIIIHIOBAHHA CTYIIEHIO PUBUKY IHBECTUILINHOTO

INOPT®EJII0 TUBEPCU®IKOBAHOI I'PYII HA OCHOBI
M’AKNX OBYNCJIEHb

Y ecmammi pozeasnymo cyuacni memoou KiabKicHO20 OUIHIOBAHHA PU3UKY IHEeCMuuill Ha
0CHOBI meopii HewimKux muoxcun i Heuimioi aoeciku. Po3pobaeno eaacnuii memoo ouinr08anHs
PU3BUKY, WO GKAIOMAE PUBUK NOCHI-KOHMPAKMHOI ONOPMYHICMU4HOI N06ediHKU YHACHUKIG iHGe-
cmuuiiinozo npouecy, 6 363Ky 3 HNPUCGOEHHAM 000amKo08020 00x00y (Keasipenmu).
Ilpedcmaeaeno pesyrvmamu po3paxyHKie pusuKy 3a 6a3oeum i 3a 3anponoHoeanum nioxodamu.
Karouosi caoea: kopnopamusni ineecmuuyii; HeuimKo-MHONCUHHUI AHANI3; PUSUK; HENOBHI KOHM -
pakmu.
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Tarpana B. Kacsanuyk
OILEHKA CTEIIEHA PUCKA UTHBECTUIIMOHHOI'O ITOPT®EJIA

JUBEPCUOUIITMPOBAHHO I'PYIIILI HA OCHOBE
MATKUX BLIYUCJIEHUIA

B cmampve paccmompenst coepementvie memoobl KOAUMECHEEHHOU OUEHKU PUCKA UHEECHU -
Uuil Ha OCHOGe Meopul HeHemKUX MHOMNCeCme U HevemKou ao2uxu. Paspaboman co6cmeennolii
Memoo OUeHKU PUCKA, GKAIOMAIOWUTE PUCK NOCH-KOHMPAKMHO020 ONNOPMYHUCIUYECK020 No8ede-
HUS Y4ACMHUKO08 UHEECUNUOHHO20 NPOUECCd 8 C6:3U C NPUCBOCHUEM OONOAHUMEABHO20 00X00a
(xeasupenmot). Ilpedcmasaenvt pe3yasbmamot pactemos pucka no 6a3o80my u no npeoiazaemo-
My nooxodam.
Karouesvle caoea: xopnopamueHbvie UHEECMULUUU, HEUEMKO-MHONCECMGEEHHbII AHAAU3; DUCK,
HenoHvle KOHMPAKMb.

Problem setting. The issue of optimal allocation of available investment capital
between different assets is sufficiently relevant for progressive development of large
diversified groups of companies. Activities of these business units are accompanied by
uncertainty growth, external business environment variability and unpredictability of
final results, which means the inevitable risk of losses. Thus, effectiveness of invest-
ment decision making requires the ability and skill of quantitative risk measurement.
However, the probabilistic methods of risk assessment dominating in the contempo-
rary risk management theory based on the assumption of normal distribution of the
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random variable of the rate of return had not proved themselves in practice. Hence,
there is a need to find alternative methods, which would take into account the uncer-
tainty of today’s business environment.

Recent research and publications analysis. There is a considerable number of
both domestic and foreign works dedicated to investigation of problems with quanti-
tative risk assessment based on the tools of fuzzy sets and fuzzy logic. Substantial
research results are demonstrated by A. Altunyn and M. Semuhyn (2005), P. Dere-
vyanko (2004), O. Kotsyuba (2006), F. Luban (2007), O. Nyedosyekin (2002),
O. Nyedosyekin and K. Voronov (1999), P. Syevastyanov and L. Dymova (2007),
T. Tischuk (1997) and others. The presence of a significant amount of fundamental
research in contemporary risk management indicates the development of a new sci-
entific field and practical significance of the results.

The research objective is to develop a new way of diversified group investment
portfolio risk assessment based on soft computing.

Key research findings. The issues of efficient allocation of available investment
funds hold a special place in management theory. Uncertainty, incompleteness, inac-
curacy of information, based on which a decision is taken, appropriately cause uncer-
tainty, which, according to O. Nyedosyekin (2003: 52) "generates the incertitude of a
person who makes decisions, creates the risk of misinterpretation of the initial infor-
mation for decision making. And this uncertainty has long had to be measured quan-
titatively".

The research on the existing methods of risk assessment has shown that the views
on the very essence of the concept of risk have significantly evolved since the days of
G. Markovitz (1950s) when risk was understood as the degree of volatility of asset
returns relatively to their mean value (Markovitz, 1987). According to the contempo-
rary theory of risk management risk is commonly understood as expectations of los-
ses or the lack of effectiveness of certain activities or assets.

However, focusing on the possibility of a shortfall in income levels, the
researchers bypassed another aspect of investment risk, which relates to the post-con-
tract opportunistic behavior, due to the possibility of appropriation of some additio-
nal income (quasi-rent).

In order to better explore this aspect we should turn to the two of the leading insti-
tutional theories including the transaction cost economics (TSE) and the property
right theory (PRT). The first theory predicts that under conditions of high specificity
of assets combined with the vertical market failure and high frequency of transactions
there is a high risk of post-contract opportunistic behavior of indivi-duals. The second
theory is based on the possession of property rights by one party that triggers this party
to break the existing arrangements with the other party, increasing its bargaining
power. That is, under the conditions of contracts’ incompleteness, high specificity of
assets and limited rationality there appears a risk of opportunistic behavior of indivi-
duals regarding the appropriation of some additional income (quasi-rent), which can
occur in case of possession of certain advantages by one contract party, and as a result,
this will provoke this side to violate the terms of previous agreements.

There is agents' opportunism at the heart of opportunistic behavior. Explicit
opportunism includes lies, theft, fraud, cheating, threatening, blackmail, robbery,
assault, raiding etc. Implicit opportunism includes intent, concealment, evasion of
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contract enforcement, information asymmetry, uncertainty and other misconduct
that has the purpose of prosecuting one’s own goals and benefits.

A way of overcoming/reducing the risk of opportunistic behavior is the formation
of a vertically integrated (diversified) organization or signing long-term contracts,
which, according to some researchers, are also considered as a form of vertical inte-
gration (diversification) (Klein et al., 1978: 297—326). However, even vertical inte-
gration (diversification) does not guarantee protection of the rights of interested par-
ties from the predatory inclinations of the opposite side, and thus the risk of oppor-
tunism will always accompany investment activities when a quasi-rent occurs. Thus,
there is a need to measure it quantitatively.

Let us consider Figure 1. The shaded area PR~ represents the zone of inefficient
investment, and demonstrates the case of occurrence of investment portfolio's losses
or the lack of effectiveness. It can happen when the portfolio yield decreases below a
threshold level of a certain criterial meaning of investor ("negative" risk). At the same
time, the shaded area PR" represents the zone of occurrence of investment portfolio
additional income (quasi-rent), which can occur if portfolio yield exceeds the maxi-
mum threshold level of investor's criterial meaning ("positive” risk).
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Source: O. Nyedosyekin (2004) and the author's own research.
Figure 1. The area of extreme investment expectations

Figure 1 demonstrates the case in which the area of the shaded figure of the
expected inefficient investments is eanal fo the area of a trapezoid with the bases
(G, - Gy) and (G, —PR) and height (PR —PR),while the area of the shaded figure
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of expected additional income equals the area of a pentagon, which is limited by
straight lines PR,PR, and G,, G, and by the bisector of coordinate angle G = PR.

The mutual arrangement of the parameters G and PR allows making the follow-
ing generalizations on the assessment methods for "negative” (Table 1) and "positive”
risk (Table 2).

Table 1. Evaluation of a "negative” risk, the author's own research

# | within the case PR ‘ Arrangement
within the case G, <PR,
D |
within the case G1<PR,<G2<PR,
5 — —
(G,-PR, )2+ (G2 —PR)(ﬁ_PRI) PR<G, <PR,
3| le-PRF (PR,<G, <PR)|| PR <G, <PR)
2

within the case PR, <G, <G, <PR,

4 _ —
. -cffm-en) BP0l | lPrss <) lba<ci <)

&&|PR<G, <PR,

5 | GoPR)G-PR) (G g PR,<G,<PR)||[PR<G, <PR)3&
2 2 (PR1<GQS@)||PR<GZSPR)

6 |1 (PR<G,<PR,)sa(PR<G,<PR,)

within the case G, <PR,<PR,<G,

7 (GZ—PR1)+(G2—E)(ﬁ_PR1)
2

within the case PR, <G,<PR,<G,

8 @ —G)(H?—PR )_M ((PR1SG15@)I I(&?<G1sﬁ))
2~y ’ 5

I | PR<G, <PR,
within the case PR, <G,
10 |1 |

Now there is a need to express PR and G for a given level ., which is not diffi-
cult to do from the general equation of the line a(PR;) = a x PR, + b, having found

the coefficients a and b:
oc(PFﬂ )_ PR,-PR,,

= 1
@_PRmin ( )
or
PR1 :a(Prmin_PRmin)+PRmin' (2)
Similarly we can define PR,, G, GJ:

PR2 = PRmax _a(PRmax _Prmin); (3)

G1 = O(’(Gav - Gmin ) + Gmin; (4)

G2 = Gmax - 0{‘((;"max - Gav)' (5)
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Table 2. Evaluation of a "positive" risk, the author’s own research
# PR* ‘ Arrangement

within the case G, <PR,

1 |1 |

within the case G, <PR,;<G,<PR,
2 |1 PR,<G,<PR
3 _ 2 e

(PR, - PR)G, - G,)- G, 2@) (@<GZSPR)| |(E<GZSPRZ)

within the case PR, <G, <G, <PR,
4 |1 (PR, <G, <PR)&&(PR, <G, <PR)
5 _pPRY R,<G,<PR

G,-PR

(GQ-GJ(PHZ—@)—% (@<st/3/?3| | PR<GZSPH )

6 | PR-G)+(PR,=Go) s ) lPr<G,<PR)||[PR<G, <PR,)

2
within the case G, <PR,<PR,<G,
7 (@_61)+(PR2_G1)(PR2_PR)

5 L
within the case PR, <G,<PR,<G,
8 (@—61)+(PH2—G1)(PH2_PR) PR,<G,<PR

5 Linda
o | (PR,-G,} lr<G,<PR)||[PR<G,<PR,)

2
within the case PR, <Gl
10 | does not exist |

Since all realizations (PR, G) regardless of the level a are equally possible, then
the expectation of the "negative" (Romeoation) and the "positive” (Roestation) TisK is
defined as the ratio of a risk function N‘(G, PR): PR (Table 1) and §* (G, PR): PR*

(Table 2) to the overall function of uncertainty — N(G,PR)z (G2 -G, )(PR2 - PR1) of
the investment portfolio:

min _ PR" .
Rexpectatlon - (G2 —G1 XPRZ _PR1)’ (6)
R oA (7)

expectation = (Gz _ G1 XPRQ _PR1)'
Then the total risk can be defined as follows:

n 1 n 1
RISk = Z(lelgxpectatlon _[(Pi(oc)aa] + Z[le?)((pectatlon _[y,(oc)@oc] ’ (8)
i=0 0 i=0 0
where n is the number of intervals for risk calculation.
Thus, the risk size (p(ct)) at a given level of a can be defined as the geometric
probability of getting the point (PR, G) in the zone of inefficient investments:

olo)= iy , ©)
(Guz _Gm)(PROt _PRm)

where
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Jolapa-
= a:f:h (a)aa + u:ﬁpz (a)aoc + 0L_jf(:;)s (0()90( + u:jf(‘;),,, (oc)aoc + OC_T(Sp5 (oc)aoc + (10)
oo a ap ag ag
. “;j’és (a)aa“jé,? (opoc + “;j'ii,s (opoc+ “;ﬁ,g (oo + ;q, (P,
The size (jf positive ;isk (y(a)) at ; given level Zf o can be cejlculated similarly:
PR’

’Y(a): (G(x2 _G(ﬂ XPR(IQ _PR(X)’ (1 1)
where -
1 =0 a=ap a=ag =0y a=og
J'y(oc)ﬁoc = _[Y1 (0‘)90‘ + J.yz(oc)ﬁa + ij (0‘)30‘ + IY4(“)9Q + IYS (0‘)90‘ +
0 ag oy ap ag oy
a=ag a=ay a=og a=cg a=aqg (12)
+ te (oc)’ioc IY?(OC)%‘ + ,[Ya (0‘)30‘ + IYQ (0‘)30‘ + Iy1o(a)3a
ag ag a7 o8 o9
where
PR, =% (G, PR, a); (13)
PR; =N(G,PR, o) (14)

are determined in accordance with Tables 1 and 2.

It should be noted that for the given fuzzy numbers the functions @(a) and y(a)
cannot exist simultaneously on all intervals and some components of the integral will
equal zero. Which ones — this will depend on the specific type of fuzzy numbers.

Calculation example. The company "N", in the part of the strategy of diversifica-
tion, intends to invest in the development of its strategic activities (A, B, C).
According to the investment program it was planned to invest in the following pro-
portions: 0.604 (A), 0.0127 (B), 0.3833 (C). Key performance indicators of the pro-
ject (NPV) are represented as the fuzzy trapezoidal numbers:

- NPV, [100.2; 133.82; 135.27; 141.67] min UAH;

- NPVg [52.05; 69.52; 70.27; 73.60] min UAH;

- NPV [192.2; 256.66; 259.46; 271.76] min UAH;

The marginal criterion of the investment project efficiency — G [126.8; 143.0;
202.2] min UAH.

The solution of the problem. The effectiveness of the investment project (PR) of
the diversified company is the fuzzy number of trapezoid type with the parameters
PR=[PR,,,.,PR,PR,PR_ . 1=[134.852; 180.088; 182.047; 190,669] min UAH, calcu-
lated as follows:

PR, =100.2x0.604+52.05x0.0127+192.2x0.3833 =134.85;

PR =133.82x0.604 +69.52x0.0127 +256.66x0.3833=180.09,

PR =135.27x0.604 +70.27x0.0127+259.46x0.3833=182.05;
PR, =141.67x0.604+73.60x0.0127+271.76x0.3833=190.67.

Calculations of the risk by the basic risk calculation method (Nyedosyekin, 2004:
63) and by the proposed method are presented in Table 3.
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Table 3. Calculations of risk by the basic and by the proposed
method of risk calculation, authors’

Indicators Basic method Proposed method
PR, mln UAH [134.852; 180.088; 182.047; 190.669] [134.852; 180.088; 182.047; 190.669]
Risk,, % 7.07002 10.0734
Risk, s, % — 2.83736
Risky., % 7.07002 12.9108

Table 3 demonstrates that the risk of investment portfolio «N» will be ineffective
based on the proposed risk calculation method at 10.07% against 7.07% by the basic
method. The size of potential additional income (quasi-rent) is 2.83%. In general we
can conclude that the risk level of 12.91% is the boundary one and it requires additio-
nal measures for its reduction, including strengthening the legal defense of invest-
ments of the diversified group, while the risk level calculated by the basic method
(7.07%) is considered to be acceptable for an investor.

Thus, for the same level of return on the investment portfolio there has been
received higher risk level by the proposed method of risk assessment (12.91%) than by
the basic one (7.07%). This indicates the adequacy of the results, since the new
method firstly takes into account the investor's marginal expectations about possible
losses and excess profits, and secondly, the proposed method of risk measurement
takes into consideration the risk of opportunistic behavior of the investment project
participants, due to the appropriation of additional income (quasi-rent), that, in its
turn, affects the increase of the resulting risk for portfolio as a whole.

Conclusions. As a result of this study a new method of risk assessment is pro-
posed, the fundamental difference of which is taking into consideration the risk asso-
ciated with opportunistic behavior of the investment process participants, due to the
desire to appropriate additional income (quasi-rent) that may occur if portfolio's
excess return exceeds the maximum threshold level of a criterial meaning of an
investor. The use of this method will allow managers of diversified groups increase the
effectiveness of investment decisions given the uncertainty of today’s business
environment.
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