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Introduction

Civilization is nowadays become dependent on large-scale systems of machines,
environment and men. Everyday work, performed by auditors and financial experts,
in addition to routine-repetitive work, requires knowledge that can be extracted from
existing databases, not only data, but also knowledge represented in financial reports.
Revision process nowadays, besides classical analytical methods (Z-score, regression
analysis, horizontal analysis, vertical analysis includes modern methods of Data Mining
(finding implicit - finding hidden knowledge) (Witten & Frank E. (2005)). Based on the
cybernetic principle of self-organization, by learning the unknown relations between
the outputs and inputs of a given system (in our case financial statements of agricultural
entities) based on the evolutionary principle, which understands the initial very simple
model of organization to optimally complex model (Savi¢ & Obradovi¢, 2020).

Various studies on agricultural system reveal that fulfilling agricultural production
forecasts, particularly in large irrigation systems remains a difficult problem. Difficulties
arise which seemingly cannot be overcome by conventional modeling techniques.

Accounting planning deals with the design, systematization, processing and presentation
of data related to the future business of the agro company (Ili¢ & Tasi¢, 2021). Thus,
this constitutive element of management accounting refers to the economic transactions
of the agro company that are yet to take place. The end product of accounting planning
is accounting estimates that include data on projected balances or changes in the future.
Accounting analysis is the judgment and explanation of the state and success of agro
business, determining deviations from it, the causes of these deviations and their
consequences. The formation of proposals for improving business processes and the
situation is also an integral part of accounting analysis (Mihajlovi¢ et al., 2020). The
main subject of analysis is data and information provided by costing and analysis.
The data provided by accounting planning and analysis are necessary inputs for
conducting business control. Accountability accounting is a system that connects the
plans and actions of each responsibility center in the company (Teki¢ et al., 2021). The
responsibility center is a part of the company whose manager is in charge of a specific
set of company activities.

Methodology

,, There is no consensus in the literature and practice on the applicability and importance
of traditional accounting planning and budgeting in terms of successful management of
agro business activities” (Duki¢-Mijatovi¢ et al., 2021). Conceptual definitions of these
two ways of planning reflect differences in understanding the importance of one or
another way of planning for the successful operation of the agro company, but also for
its survival. The budget, viewed as a result of budgeting activities, is an instrument of
effective short-term planning and control. At the same time, the purpose of budgeting,
which consists in refining the strategic plan (Spathis et al., 2003), coordination,
delegation of responsibilities and creating a basis for assessing performance indicates
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the understanding of business budget as an instrument for achieving strategic goals
(Vicentijevi¢, 2021).

Putting the achievement of strategic goals in the forefront as budgeting as an
instrument represents a broader view of the essence of budgeting. However, the
broader understanding of budgeting highlights that planning is becoming the key to
good management, that is, that without disciplined professional planning, the agro
company goes into disrepair. Profit planning is a budgeting process (Risti¢ et al. 2021).
This approach practically gives maximum importance to budgeting as a process to
which the fate of the agro company is tied. Budgeting in a broader sense implies
accounting planning and control, whereby budgeting is the responsibility of accounting
responsibility (Avakumovi¢ et al., 2021). Control in this view implies a comparison
with the planned values, which is the essence of control, but budgeting is still more
than accounting planning and control, since the essence of budgeting is expressed by
flexibility in relation to short-term changes. Machine learning is “a set of processes,
which includes: collecting new declarative knowledge, developing and improving
motor and cognitive skills through practice, structure of existing knowledge and
discovering new facts and theories through observation and active experimentation”
(Bogavac et al., 2021).

Learning can be viewed through two basic forms (Green & Choi, 1997):

e knowledge acquisition, which is the learning of new, symbolic information so that
it can be effectively applied (so one learns theoretical knowledge, eg physics);

e training, which involves improving some acquired knowledge, mental or motor
coordination, through practical repetition and correction of deviations from the
desired behavior (so a person learns different skills, with the first phase of learning
is the collection of knowledge);

e It is considered that human learning is a mixture of both forms, with mental
activities emphasizing the first form, and motor activities to a greater extent the
second form of learning.

Machine learning systems are most often divided according to the chosen learning
strategy, the way of presenting knowledge and the area of application. Inductive
(machine, automated), which is the subject of application in the analysis of financial
statements, ie. their learning can be seen as a process in which the system improves its
performance on a given task without additional programming, using two methods. We
must mention that there are other methods of learning strategy, for example: learning
by rote learning, learning by being told, learning by analogy. Learning by examples,
which requires inductive reasoning. By analyzing and generalizing solved examples and
counter examples of a class of phenomena (financial statements as a concept), we come
to a rule, theory or description of the term, which explains all examples and no counter
examples. Such learning methods can be further classified according to the choice of
examples, source and way of using examples. The methods used by Data mining, which
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are not the subject of our consideration, can be: production rules, decision lists and
decision trees, which are examples of an understandable way of presenting empirical
knowledge. Our focus is on applying a self-organized Data Mining model (SOHK).

Analytical model of self-organized discovery of hidden knowledge (SOHK)

Budgeting has a crucial role to play in agro business. Without a budget (plan), it is
difficult to expect managers and their employees to achieve business growth and cost
management goals. In developed market economies, financial managers spend 20%
-30% of their time on budget-related jobs (Rakic¢ et al., 2021).

In our conditions, the budgeting process is largely excluded from agro business practice.
Which is definitely wrong. Agro companies should develop the skills of employees in
this field because it will help them not only to discover development opportunities and
control their business, and develop an adequate system of rewarding employees, but
also to avoid unnecessary costs of paying external consultants when making business
plans. (Vuksa & Panti¢, 2020).

Accountability accounting is a system that connects the plans and actions of each
responsibility center in the agro company. The responsibility center is a part of the
company whose manager is in charge of a specific set of company activities. Accounting
for responsibilities (and thus business control) requires data on the amount and structure
of costs of cost centers, ie. control units, as well as data on the amount and structure of
the cost price of their services. This data is needed to determine differences in the amount
and structure of costs between two or more successive periods, or differences between
actual and planned costs, etc., as well as to take appropriate measures to eliminate the
causes that led to increased costs. In some cases, measures should be taken against
unjustified reduction of costs, if it harms the quality of the product (Mihajlovi¢ et al.,
2018). For almost every expense, it can be determined where it was incurred. For the
purposes of control, responsibility for the amount of incurred costs is essential. When
determining the responsibility for the incurred costs and the amount of income, it should
be borne in mind that the influence of the competent manager is partially limited, ie.
the possibility of their control must be taken into account. Namely, the amount of costs
and revenues is partly influenced by external factors, such as purchase or sale prices.

The SOHK model is a model that has significant advantages over classical neural
networks and genetic algorithm, because it is based on the principle of evolutionary,
mutational and selective approach to generate structure network systematically
enabling automated structure synthesis and model validation until the optimal complex
model is established (Michalski et al., 1983; Stice, 1991). The self-organization model
performs data reduction, reprocessing and validation of model results that are corrected
during the self-organization process, which is called self-organization data mining. The
SODM model is presented with a group of methods, which is administratively called
the Group Method of Data Handling - GMDH).
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Group Method of Data Handling

GMDH was developed in the Institute of Cybernetics in Kyiv by Prof. A.G.
Ivakhnenko in 1967, with improvements in 1970 and 1980. Group method of data
handling represents a system of inductive algorithms for computer-based mathematical
modeling in various multicycled systems such as: neural networks, noise immunity,
clusterization, economic systems etc. (Ivakhnenko, 1995). Nowadays, there are a wide
range of software that uses GMDG, such as: FAKE GAME Project, Gevom, GMDH
Shell, KnowledgeMiner, PNN Discovery client, Sciengy RPF!, wGMDH, R Package,
R Package for regression tasks, Python library of MIA algorithm.

“Self-organization modeling of inductive algorithms in the basis are using seven
fundamental steps:

1. Data sample of N observations corresponding to the system under study is
required; Split them into training set 4 and testing set B (N = NA + NB).

2. Build up a “reference function” as a general relationship between dependent
(output) and independent (input) variables.

3. Identify problem objectives like regularization or prediction. Choose the
objective rule from the standard selection criteria list which is developed as
“external complements.”

Sort out various partial functions based on the “reference function.”

5. Estimate the weights of all partial functions by a parameter estimation technique
using the training data set A.

6. Compute quality measures of these functions according to the objective rule
chosen using the testing data set B.

7. Choose the best measured function as an optimal model. If you are not satisfied,
choose F number of partial functions which are better than all (this is called
“freedom of choice”) and do further analysis.” (Madala, 1994)

The main advantages of GMDH methods are, in short, solving the problem of applying
neural network learning techniques whose algorithms are slower and less efficient than
highly optimized algorithms used in statistical software, as well as overcoming the
problem of accumulation (Cherkassky & Mulier, 2007). The GMDH algorithm selects
a model of optimal complexity by applying an inductive approach.

GMDH algorithm can be presented in Multi - layer artificial neural networks (“There
are three main inductive learning networks: multilayer, combinatorial and harmonic.
The network structures differ as per the interconnections among the units and their
hierarchical levels.”) where the structure consider the number of layers and neurons
in each layer. Each sumulated unit k receives input variables (x,, xj) Cc X, 1#]j,and
generates a function f{) which is partial form of the reverence function.

fxix) = vék} + Ul{k}xi + szk}xj- + v?fk}xixj + 1?ik}xf + 1?5{k}xj2
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Where v are the connecting weights. If we denote 0 as the desired values and y as
the estimated values of the outputs for the function being considered, the output errors
would be given by

ep =¥y —Op;p ENy

The total squared error for that input vector is

E:Zeg

PENg
This corresponds to the minimization of the average error £ in estimating the weights

1v®; this is the least squares technique. The weights are computed using a specific
traninig sample N, which is a part of the whole data points N specified for this purpose.

Each layer includes a group of units that are interconnected to the units in the next
layer. The proces continues layer after layer. Each layer contrains a group of units that
are interconnected to the units in the next layer. The weights at each unit are estimated
by minimizing the error E. The measure of an abjective function is used as the threshold
value to make the unit “on” or “off” in comparison with the testing data N, which
is another part of N and, at the same time, it is considered to obtain the optimum
output response. On this level of modeling, a hardly avoidable error can be reduced
to a minimum and finding the solution to optimize the problem, by using the assumed
objective function to successive iterations.

“A GMDH network is made up of a number (m) of single neurons (the structure of a
single neuron is shown in figure which process the input signal — vector x — and turn
it into an output signal, y. The signal is processed when at least two input signals are
stimuli, according to the following relation:” (Mrowczynska M., 2019)

y=f() =fx1xz -, Xm)
where f'is the transfer function.

“The transfer function must not be too complex, as this would extend the time required for
training and would prevent an accurate assessment of the training error. Therefore, although
the GMDH algorithm permits the application of various forms of the transfer function, the
function is most considered a discrete form of the Volterra functional series which is also
called Kolmogorov - Gabor polynomial, defined as: (Mrowczynska M., 2019)”

T n n
V= ag —I—Z a; xI-—I—Z Z Qjj XX + e
i=1 =14 j=1

“where i, j, a, 0 are polynomial parameters. Assuming that the polynomial has a
degree of n=2, the transfer function is defined as: (Mrowczynska M., 2019)”

_}’ = ao + alxl + azxz + allx% + azzxg + allexZ
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This includes the application of external information that was not used to estimate the
coefficients of the model.

To illustrate the application of this method, we will take the following company data.

Table 1. Financial indicators

Total | Cap. | Cur- . Operat-|Net op-| Oper-
2P . Com- |Obliga-| Total Total | P op P
Year | fixed [invest-| rent Capital L. . ing ex- | erating| ating
mission | tions assets revenue
assets | ment | assets penses | profit | profit

2012 | 6000 68 2134 1424 2020 3239 8252 10437 11333 235 134

2013 | 6417 61 2292 2265 2241 2625 8815 11065 11990 313 207

2014 | 7705 64 2581 2276 2550 3614 10411 11845 12754 303 241

2015 | 8824 78 3331 3262 2700 4045 12281 13055 14093 314 260

2016 | 10831 78 3574 3144 2992 6237 14540 14447 15229 305 142

2017 | 11781 83 4025 2687 3433 7926 15954 16101 17110 11 -301
2018 | 12459 79 4270 2281 4193 8907 16870 17239 18135 67 -310
2019 | 12033 91 5183 2137 4429 9210 17410 17731 18597 325 -8

2020 | 12857 | 103 5105 3650 6371 7225 18138 18836 19702 596 399

2021 | 12455 | 116 5788 4943 6843 6618 18419 19900 [ 20598 837 756

Source: Author’s calculation

Figure 1. Reduction of total revenues
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Table 2. Statistics

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Really | 10437 | 11065 | 11845 | 13055 | 14447 | 16101 | 17239 | 17731 | 18836 | 19900

Predic-

tion 10069 | 11179 [ 12289 | 13400 | 14569 | 15870 | 16925 | 17944 | 18928 [ 19876 | 20789 | 21960 | 23392

Accu-
mula-
tion
Final
predic- [ 10069 | 11179 | 12289 | 13400 | 14569 | 15870 | 16925 | 17944 | 18928 | 19876 | 20789 | 21960 | 23392

tion

Lower | 9545 | 10655 | 11765 | 12876 | 14045 | 15346 | 16401 | 17420 | 18404 [ 19352 | 20265 | 21437 | 22868

Higher | 10593 | 11703 | 12813 | 13924 | 15093 | 16394 | 17449 | 18468 | 19452 | 20400 | 21313 | 22484 | 23916

Source: Author’s calculation

The results indicate a high level of forecasting accuracy, which qualifies GBDH as an
acceptable method of forecasting the movement of the balance of financial statements
in every entity, includin agro company.

Conclusion

The changes caused by the information revolution, the development of technology
pose new challenges to traditional accounting planning, and make the budgeting
process more complex, bearing in mind that these are very significant changes that
are happening in the agro business environment. At the same time, it should be borne
in mind that the new business conditions are characteristic, among other things, of the
increase in the mass of general costs that are not caused by increased production. An
approach to budgeting that does not take this fact into account shows a weakness that
can have negative effects on the company’s operations and the achievement of strategic
goals. In this sense, traditional accounting planning works well for activities that show
a clear link between inputs and outputs, while otherwise, traditional budgeting serves
only to approve a certain level of spending for each cost item.

The article is an attempt to show the success and applicability of Neural Networks, as
well as the self-organized Data Mining System. For short-term forecasts of financial
indicators. The great advantage of this method is in the fact that it supports nonlinear
data forms, such as administrative and financial data. It is to be expected that Data
Mining, especially the GBDH method, will become a standard technique for auditors
and financial analysts. For directions of further research, the results of the research
are expected to be improved by combining models with additional information of
macroeconomic categories of the agro economy and building multi-input models for
the extended database.
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