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DEVELOPMENT OF UNCERTAINITY ACCOUNTING METHODS (H-MODELS)

Summary. The need to form a specific method for estimating the value of investment projects, taking into
account the high volatility of external and internal factors of its implementation is now becoming urgent due
to the transition of the international investment market from extensive to intensive development and the
appearance of corresponding challenges to the Ukrainian investment market related to its credibility and
transparency in the eyes of foreign institutional investors. The relevance of the chosen topic on the one hand
is due to the presence of controversial issues in theory and methodology and on the other hand due to the
insufficient development of the methodology and technique for estimating the value of investment projects.
The article indicates the main drawbacks of the existing methods of taking risks and uncertainties into account
in the implementation of investment projects and suggests an original method based on the principles of the
theory of fuzzy sets and interval computing technology. Using the proposed method in assessing the value of
investment projects allows you to take into account the impact of increased risk and uncertainty factors of its
implementation, which ultimately increases the reliability of the results obtained during the assessment for all
participants in the investment process.
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Hartionansauii aBiaiiiiauii yHIBEpCUTET

PO3BUTOK METO/IIB BPAXYBAHHS HEBU3HAUYEHOCTI (H-MOJIEJIE)

Anoranis. HeoOxinHicTs (hopMyBaHHS CIIEI(ITHOrO METOLY OLIHKY BapTOCTI IHBECTHIIHHUX IIPOEKTIB 3 ypa-
XYBaHHSIM BHCOKOI BOJIATHIIBHOCTI 30BHINIHIX Ta BHYTPIIIHIX (hPaKTOPIB HOro peamsauu CTa€ aKTyaJBHOIO Yepe3
Iepexi| MiZKHAPOIHOTO IHBECTUIILHONO PUHKY 3 eKCTEHCUBHOTO Ha IHTEHCUBHUI PO3BUTOK 1 I1051Ba BIAIIOBLIHAX
BHKJIMKIB YKPaiHCPKOMY IHBECTHIIHOMY PHHKY, IIOB'I3aHUX 3 HOI0 TOBIPOIO Ta IPO3OPICTIO B 0YaX 1HO3EMHUX
IHCTUTYIIIMHUX 1HBECTOPIB. AKTYyaJIbHICTH 00PAHOI TeMU, 3 OJHOTO OOKY, 00yMOBJIEHA HASIBHICTIO CYIIePEUIMBUAX
MUTAHb y TEOPil Ta METOI0JIOTII, a 3 1HIIIOr0 OOKY, Yepes HeJI0CTATHIO PO3POOKY METOI0JI0TI] Ta METOIUKN OIlIHKNA
BAPTOCTI 1HBECTUINIMHUX IIPOEKTIB. Y CTATTI HAaBeIeHl OCHOBHI HEIOJIKH ICHYIOUNX METOIB BpaXyBAaHHS PH-
3WKIB T4 HEBU3HAYEHOCTEH IIPY peasria3arli 1IHBeCTUIIINHUX IPOEKTIB Ta 3aIIPOIIOHOBAHO OPUTIHAJIBHUN METO/I,
3aCHOBAHUH Ha ITPUHITATIAX Teopﬁ HEYITKUX MHOKMH TA TEXHOJIOTI] iHTepBaanHx 00YMCIIeHb. BI/IROpI/ICTaHHH
3aIPOIIOHOBAHOTO METOY IIPY OIIHIL BAPTOCTi IHBECTULIAHUX IIPOEKTIB /{03BOJIs€ BPAXOBYBATH BILIUB IIJIBH-
IIEHOT0 PUSUKY 1 HeBH3HAYEHICTh (haKToOpIB HOro peasrisanil, o B KIHIIEBOMY IIJCYMKY IiIBHIIY€ JOCTOBIPHICTD

OTPHMAaHUX pe3yanaTlB IIpu OL[IHI_LI JJIA BCIX yqaCHI/IKlB lHBeCTI/II_[H/IHOFO IIpo1ecy.
Kmarouosi ciosa: lHBeCTI/ILIII/IHI/II/I IIPOEKT, HeBI/I3Ha‘{eHlCTB, H-MO,HBJII), PU3HUK, SHAYEHHA iHTepBaJ’Iy.

ormulation of the problem. The invest-

ment project is developed based on well-de-
fined assumptions regarding capital and operat-
ing costs, sales of manufactured products, prices
for goods, the project time frame. Regardless of
the quality and validity of these assumptions the
future development of events associated with the
implementation of the project is always ambigu-
ous. This is the main axiom of any business ac-
tivity. In this regard the practice of investment
design considers among others aspects of uncer-
tainty and risk.

Recent research and publications analysis.
An unconventional approach is a new theory and
technology for the effective solution of problems of
accounting for uncertainty, developed by A.S. Nari-
nyani, V.G. Napreenko, known as the technology
of under-defined calculations (H-calculations) and
under-defined models (H-models).

Identification of previously unsettled parts
of the general problem. H-models approach re-
fers to the direction of constraint programming,
which has recently been actively developed in the
world as one of the most promising for models with
a large number of undetermined factors. Due with
this choice of research topic and its target orienta-
tion are sufficiently relevant.

The purpose of the article. The main purpose
of article is to define an effective solution of prob-
lems of accounting for uncertainty and to define
solutions for predicting the basic values and indica-
tors of the development of an enterprise including
the implementation of an investment project.

Main material presentation. Uncertainty re-
fers to the state of ambiguity in the development of
certain events in the future the state of ignorance
and the impossibility of accurately predicting the
basic values and indicators of the development of
an enterprise including the implementation of an
investment project.

It is also recommended to take into account risk
in efficiency calculations the possibility of such
conditions that will lead to negative consequences
for all or individual project participants. In gener-
al, risk refers to the possibility that an undesira-
ble event will occur. In business, it is customary
to equate risk with the possibility of an enterprise
losing some of its resources, reducing planned rev-
enues or creating additional expenses as a result of
certain production and financial activities.

The methods of accounting for uncertainty gen-
erally accepted in practice are reduced to sensitiv-
ity analysis and scenario approach. However, they
carry an internal contradiction consisting in the
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fact that undefined (underdetermined in essence)
indicators are described by deterministic values.

In addition, the following features are typical
of traditional mathematical models used in invest-
ment design:

+ algorithmicity. The model developer must
form a model algorithm — determine the sequence
of calculations in accordance with which the model
should work;

+ target character. The model is intended to
solve a specific problem, and a change in the mode-
ling problem usually leads to a change in the model;

* determinism of the values of indicators — usu-
ally the ideal solution is considered, in which all
indicators are precisely defined;

* the determinism of the system of mathemati-
cal dependencies — a “correct” model is considered
to contain dependencies that ensure the unambigu-
ity of the exact solution that is, such a model that
cannot be either underdetermined or redefined;

+ division of all indicators into “input” (argu-
ments) and “output” (functions).

All these features of the traditional approach
complicate the development of models and limit the
possibilities of their practical use.

Currently, the use of H-models has been suc-
cessfully tested on solving practical problems of
modeling the development of national and regional
economies the functioning of enterprises and the
evaluation of investment projects.

In comparison with traditional investment de-
sign tools the H-model technology provides a large
number of additional features useful for invest-
ment design:

* the ability to calculate using interval esti-
mates of indicators (along with accurate estimates);

* the ability to calculate in case of absence of
part of the parameters and in the presence of rough
estimates of the parameters;

* the ability to control risk, assess the quality of
information used, identify and eliminate the causes
of excessive underdetermination;

* the ability to solve ambiguous tasks;

+ the ability to set the desired values of the re-
sulting indicators;

* the ability to analyze a large number of project
options without busting them;

* the ability “not to miss” any decision;

* simplified project support.

Let us consider in more detail each of these pos-
sibilities.

Ability to calculate using interval estimates
of indicators (along with accurate estimates).
Interval estimates provide a very visual expression
of the undeterminedness of the original and resulting
data. As an example in fig. 1 shows the results of fore-
casting the flow of investment and operating activities
for one of the investment projects studied. Narrow line
1 in the graphs shows the results of non-interval cal-
culation with average predicted values of price indica-
tors (prices for products, materials, energy and labor
remuneration rates), a wide area 2 — results of inter-
val calculations with price variation deviations of 3%
per year for product prices and by 1% per year — by
other indicators. The graphs clearly show the increase
in time of the uncertainty of the forecast, reflecting
the above-noted feature of a nonstationary economy —
“the final horizon of reliable visibility”.
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Current undiscounted cash flow from operating and
investing activities

Years

Accumulated undiscounted cash flow from operating
and investing activities

Fig. 1. Project cash flow forecast, million USD
(1 - deterministic calculation by average values,
2 — updated calculation using the H-model)

Source: developed by the author according to the data [3]

The ability to calculate in case of absence
of part of the parameters and in the pres-
ence of rough estimates of the parameters.
The ability of N-models to give a solution with in-
complete and inaccurate information about simu-
lated indicators is the most important of the advan-
tages of the technology under consideration.

Select the following stages and stages of deve-
lopment of the investment project:

Pre-investment stage 1. The project implemen-
tation period, the total output in physical terms,
investment and operating standards per unit of
output, the price of products and the rate on possi-
ble loans are determined. All indicators are approx-
imate and are described by intervals;

Pre-investment stage 2. The schedule of capital
investments and sales of products by the project
year is specified;

Pre-investment stage 3. Structuring the project
and organizing financing. The schedule for obtain-
ing and repaying loans;

Stage 4. Final refinement of project parameters.

At all the mentioned stages (except the last one)
there is no part of the project’s essential indicators.
For example, before stage 3, the schedule for receiv-
ing and repaying loans is unknown. Nevertheless,
at all these stages, the H-model allows building
estimates of project indicators. As the information
taken into account becomes more complete, the
estimates are refined. As a typical example, let us
indicate the following calculated values of the accu-
mulated balance of operational, investment and fi-
nancial flows, expressed in shares of the final deci-
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sion: stage 1 —from 43 to 154%, stage 2 — from 66 to
136%, stage 3 — from 71 to 84%, stage 4 — 100%.

Ability to control risk, assessing the quali-
ty of the information used, identify and elim-
inate the causes of excessive underdetermi-
nation. When using H-models, the width of the
intervals of the initial and resulting data of the
investment project becomes a convenient meas-
ure of forecast risk (at the same time, you can use
ordinary risk indicators, such as risk capital, for
example). Since the new information entered into
the calculation clarifies (narrows) the intervals of
indicators, the magnitude of this clarification can
serve as an indicator of the value of information:
the absence of a narrowing indicates the useless-
ness of information, and a significant clarification
of the intervals indicates the value of information.
Thus, the quality of the information used in the cal-
culations is objectively evaluated.

The ability to solve ambiguous tasks.
Achieving a given amount of profit is an ambigu-
ous task, because within the same project, the de-
sired profit can be obtained in different ways. For
ordinary mathematics, ambiguity is an extremely
difficult problem. For H-models, ambiguous tasks
do not present difficulties, since the result of their
solution 1s expressed in the form of intervals cov-
ering all solutions of the problem, and in the case
where the problem has no solution, the calculation
of the H-model notifies the user about this. Solving
the inverse problems of investment design allows
us to determine the conditions under which the
project will be sufficiently effective or inefficient,
and find solutions that can best meet the require-
ments of the project.

The ability to set the desired values of the
resulting indicators. Conventional mathemati-
cal models that require a clear distinction between
the parameters of the “input” and “output”, do not
allow you to directly specify the desired values of
the resulting indicators. The computational process
of H-models is different, it gives the opportunity to
regulate the values of all the considered indicators,
providing automatic coordination of the intervals of
indicators with each other. As a result, you can set
the value of any indicator of the investment project
and observe the corresponding changes in other in-
dicators.

The ability to analyze a large number
of project options without busting them.
The technology of N-models allows operating with
the whole area of solutions, and not with individu-
al variants of solutions, as it happens with tradi-
tional approaches. Any (including an infinite) set
of “exact” project variants can be considered as one
generalized project, in which the intervals of values
of indicators contain all the values of the same indi-
cators of “exact” options.

The ability “not to miss” any decision.
The solution provided by the H-model automatical-
ly takes into account all the conditions laid down
in the model. Without violation of these conditions,
the process being modeled cannot go beyond the de-
cision. This eliminates the danger of losing sight of
any important solution.

Simplified project support. An important
element of investment design is the project imple-
mentation plan. The plan of the “Night model” be-
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comes interval. Monitoring the implementation of
the project, carried out on the basis of “accurate”
planned requirements, requires constant revision
of the planned indicators.

Actual values, indicators, predicted values re-
quire only a clarification of the plan, but do not re-
quire its revision.

The introduction in the H-model of the actual
values of the indicators for the completed part of
the project allows you to:

* to narrow the width of the intervals of forecast
indicators;

* to clarify the parameters of the still not com-
pleted part of the project;

* to identify the threat of critical situations —
for example, insufficient funding is found.

Fig. 2 shows a step-by-step refinement of the
forecast characteristics of an investment project,
possible when the actual values of indicators for
the first, second and third year of the project are
introduced into the H-model (each new refinement
corresponds to a darker and narrower area of the

graph).

Current undiscounted cash flow from operating and
investing activities

Years

Accumulated undiscounted cash flow from operating
and investing activities

Years

Fig. 2. Refinement in the process of project
implementation of its cash flow, mln USD
(1 - calculation according to data up to the 1% year of
implementation, 2 — calculation based on the results
of the 1% year of implementation,
3 — calculation based on the results of the 2*¢ year of
implementation, 4 — calculation based
on the results of the 3! year of implementation)

Source: developed by the author according to the data [3]

Thus, the use of H-models makes it possible to
take into account in project evaluation the influ-
ence of uncertainties on the factors affecting it and
to predict possible areas of inefficiency of the pro-
ject, which increases the reliability of results for in-
vestment project participants, improves the quality
of monitoring project progress and reduces risks.
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