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CONCEPTUAL MODEL OF INFORMATION SYSTEM FOR
SUPPORTING DECISION MAKING IN THE AGRARIAN SPHERE

Food production needs are constantly increasing. The use of extensive methods of in-
creasing yields and meat production is unacceptable in developed countries. Therefore,
there is a need to apply intensive methods, in particular to improve the efficiency of agri-
cultural management. The rapid development of information technologies in agriculture is
observed. There is a transition of technologies from the start-up stage of their implemen-
tation by creating information systems. A considerable amount of investment is directed
towards informatization of agriculture.

The problem of decision making in the activity of agricultural enterprises in the con-
ditions of ecological uncertainty is formulated as a multicriteria problem of conditional
optimization. The peculiarity of this statement is that the factors are considered as dy-
namic and fuzzy quantities. The choice of the best alternative is made from a finite set of
alternatives defined in advance. On the basis of this formulation of the problem, we for-
mulate the requirements that the method of solving it must satisfy. The decision-making
process is broken down into stages. A set of basic tasks is formulated, the solution of
which is to provide the information system of decision support. The structure of the deci-
sion support system of four subsystems is proposed: user interaction, data storage, model
management, operation and calculation. A conceptual model was developed, which defined
the functions of each of the subsystems and the information interactions between them.
In the implementation of the system involves the use of microservice approach. In this
approach, it is possible to extend and modify each of the subsystems independently of the
others. Also, the microservice structure enhances the stability and flexibility of the system.

Keywords: decision-making, agrarian industry, multicriteria problem, information sys-
tem.

1. Introduction. Agrarian sphere is a strategically important sphere of functioning
of any state. Food production needs are constantly increasing. Extensive methods
of increasing harvesting and growing meat cause significant environmental damage.
Therefore, their use is unacceptable in developed countries. As a result, there is a
need for intensive methods of increasing harvesting and meat production. One way
to achieve this is to improve the efficiency of agricultural management.

2. Review of sources. A great deal of research has been devoted to the
problem of management effectiveness in the agricultural sector [1-3|. The authors
note that the main ways to improve management effectiveness are to use monitori-
ng information systems and to use new approaches to decision making. The last
few years have seen the rapid development of IT in agriculture. Currently, a si-
gnificant bank of innovative technologies in this field has been formed. Gradually,
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agricultural production moves to their introduction. In other words, there is a
transition of technologies from the stage of start-ups to the implementation of
real information systems. According to BI Intelligence, by 2034, the proliferation
of IT systems for the collection, storage, processing and delivery of information will
increase tenfold and reach the level of use of 5 million Data Points [4]. This will
create the basis for the widespread use of decision support systems (DSS) in the
agricultural sector. It is also possible to note a considerable amount of investments
aimed at informatization of agriculture by both state and private entities. This is
confirmed by projects such as EU-PLF project, Anemon (Switzerland), eCow (UK),
Connected Cow (Medria Technologies and Deutsche Telekom), Sensorfish (EU) and
others [5]. The mutual influence of agriculture and environmental factors, which
necessitates decision-making to improve the efficiency of use of natural resources
and the application of new approaches to agriculture, is shown in [6, 7].

Therefore, the task of developing an information system to support decision-
making in the agricultural sector, taking into account the uncertainty conditions
that cause the mutual impact of agriculture and environmental factors is extremely
important.

3. Statement of the decision making problem in the activity of agrarian
enterprises in conditions of uncertainty. Consider the activities of a certain
agrarian company. Let certain know about the history of the company, the state
of the environment in the region and the economic market. This information may
not be complete and inaccurate, so we will assume that the company’s activities are
carried out under conditions of uncertainty and risk.

Suppose that a certain number of alternatives are described that describe the
further functioning of si, so, ..., s,, where n is the number of alternatives. A set of
criteria ¢y, co, . . ., ¢, has also been formed, on the basis of which alternatives can be
evaluated, m is the number of criteria for evaluating alternatives.

The task of decision-making is to choose a certain alternative s} € {s1,892,...,8n}
to the company’s future operation, which is the best in a certain sense. It should take
into account existing resource, financial and legislative restrictions. Let x1, zo, ..., 2}
are factors that affect the functioning of the agrarian company, k is the number of
factors.

It should be noted that, first, the factors considered are dynamic quantities.
That is, their value changes over time. Secondly, factors may contain uncertainty,
so fuzzy values can be used to describe them. Thirdly, among the factors may be
factors that depend on the alternatives to the operation of the enterprise in previous
periods of time. So x; =< X(E,t,5s},57,,.- -, s}p),u(X) > for i = 1, k, where F is
a description of the state of the external environment of the agricultural firm, t
is some point in time, s} for ¢ = 1,p) are alternatives for which the agrarian
enterprise operated at previous times t; < #;, < ... < t, < ¢, p is the number
of moments in time, X is some really significant function, and p is a membership
function therefore p(X) € [0,1]. Given the significant dependence of the activities
of agricultural enterprises on weather conditions, it is natural to use periods of time
that correspond to seasonality. So t; = to + ¢ * At , where t; is the initial moment
of time, At is the season of operation of the agricultural enterprise (usually is equal
to 1 year, but may be equal to 6 or 3 months).

Then the problem of decision-making can be formally written as a multi-criteria
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problem of conditional optimization.

01(81<.T1,l’2, s 7$k),82($1,x2, R ,I'k), s 7877,(3717‘7;27 s Jxk)) ? max; <1>
01(81<.’E1,$2, c. ,.Z'k),SQ(ZL'l,.TQ, ce ,[IZ‘k), c. ,Sn<$1,]§'2, c. ,iL‘k)) ? max; (2)
Gl(xth?"‘VIk) :Oa (3)
G (xy,z9,...,2x) =0, (4)

where r is a number of restrictions and G is a set of functional restrictions that
determine the feasibility of implementing a suitable alternative to the functioning of
an agricultural company in terms of available resources, legal and cultural constra-
ints, etc. In order to accomplish this task, given the multi-criteria decision making
methods [8], it is necessary to develop such a method or methods that would satisfy
the conditions:

)

To operate in conditions of uncertainty, that is, methods should work with
fuzzy values.

Evaluation criteria and alternatives should adequately reflect the activities of
the agrarian enterprise and its interaction with the environment.

Functional constraints should take into account all available constraints on
resources, resources and natural opportunities.

Decomposition of the method in stages, with the possibility of combining and
modifying the methods that implement each stage.

Simplicity and clarity in the interpretation of the results of the evaluation of
alternatives, that is, the creation of appropriate scales and descriptions of the
results of evaluation, which would facilitate the work of the decision maker.
Opportunity of the person who decides to choose other alternatives, if the
proposed ones do not suit him. The fulfillment of the requirement can be
ensured by guiding the solution of the problem not as one optimal alternative,
but a ranged set of feasible alternatives.

In [9, 10], it is proposed to evaluate alternatives in terms of risk minimization.
In general, the decision-making process can be divided into 5 stages:

)
2)

Formation of the set of alternatives and criteria for their evaluation.

Determination or evaluation of the factors for the appropriate period of time
for which it is necessary to make a choice of alternatives.

Screening of inadmissible alternatives.

Evaluation of alternatives. Numerical calculation of criteria for each of the
alternatives for the fixed value of the factors (found in step 2).

Construction of a certain convolution of the criteria for determining the opti-
mal solution.
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4. Construction of a conceptual model of the information system of
decision-making support in the agricultural sphere. In accordance with the
task of organizing the effective activity of agrarian enterprise on the basis of multi-
criteria methods of analysis of decisions under uncertainty, it is necessary to develop
an information system for supporting decision making. The article [11] proposes
a DSS structure consisting of four subsystems: user interaction subsystem, data
management subsystem, system management subsystem and model managment
subsystem.

In accordance with this structure, we will develop a conceptual model of a system
consisting of 4 subsystems (Fig. 1).
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Fig. 1. Conceptual model of information system for supporting decision making in
the agrarian sphere

1) Data management subsystem provides collection, including data on soil in the

region, weather forecast, information on sowing material, price situation and

demand for products, etc. Data obtained from sensors, information systems,

analysis of aerospace images [12| and other open sources in different formats

should be brought to a single format. Their values should be calculated in a

fuzzy format. The subsystem also stores the factors in the database.
2) System management subsystem provides the formation of many alternatives

and multiple criteria. The subsystem also collects data for the required period,
on the basis of which it occurs, forecasting the values of factors for the desired

period, evaluating alternatives by criteria, etc.
3) Model management subsystem provides functioning models for choosing the

optimal alternative, taking into account relevant models (multicriteria model,

risk management model, etc.) and appropriate decision-making methods.
4) The user interaction subsystem must present the information in a convenient

form. In particular, to show the value of the criteria for the optimal alternative
to the functioning of the enterprise, and to justify its selection by a report on
the expected results of the functioning of the agricultural enterprise. The user
should request data from the dialog.

The statement of multicriteria optimization problem (1)-(4) determines the struc-
ture of System management subsystem. Also, the model that fits it is one of the many
models that are implemented in the Model management subsystem.
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5. Conclusions and prospects for further research. The article deals with
the development of a conceptual model of the decision support system in the agri-
cultural sector. To this end, the decision-making problem is formalized as a multicri-
teria optimization problem. Consideration of the problem in this formulation makes
it possible to apply multicriteria optimization methods to select the best alternative.
A conceptual model consisting of 4 subsystems is proposed. The functions of each
subsystem and the information interactions between the subsystems are defined.
Each subsystem can be considered as a separate module. The modular structure of
the system will allow to expand and modify the capabilities of each of the modules
independently of others. Also, the modular structure increases the stability and flexi-
bility of the system. And given the modern approach to software development, the
modular approach allows us to implement a micro-service approach when a system
consists of a set of independent microservices.
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II3i Y., Aaapamko FO. B. Kounenryasbaa mozens indopmariiiinol cucremMu
iITPUMKHU TPURHATTS PillleHb B arpapHiit cdepi.

TloTpebu y BUPOOHUIITBI MPOAYKTIB XapuyBaHHA 3POCTAIOTH MOCTiHO. BuKopucTanms
€KCTEHCUBHUX METO/IiB 30L/IbIIIEHHsT YPOXKANHOCTI Ta BUPOILyBAHHS M’siCA € HEIPUITYCTU-
MHM B PO3BUHEHUX KpalHax. Tomy BuHHKae moTpeba B 3aCTOCYBaHHI IHTEHCUBHUX METO/IIB,
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10.

11.
12.

30KpeMa I IBUIeHHsT e(peKTUBHOCT] yIIPABJIHHSI CLIbCHKUM rocrogapcreoM. Crocrepirae-
Thest OypPXJIMBUI PO3BUTOK 1H(MOPMAIIHHIX TEXHOJIOTII B ClILCBKOMY Tocnogapcrsi. Binby-
BAETBHCA IepPeXiJl TEXHOJIOTiH Bl cTajiii cTapT-amiB X BIPOBAKEHHS MIJISIXOM CTBOPEHHS
indopmariitnux cucreM. 3HAYHUI 00CAT IHBECTHUIIIH CHPIMOBYETHCSA Ha 1HMOPMATH3AIIIO
CLIIBCBKOT'O T'OCIIO/IAPCTBA.

B pobori copmynboBano 3as1ady NpURHATTS PillleHb B JisJIBHOCTI arpapHUX IIiJIpu-
€MCTB B yMOBaX €KOJIOITYHOI HEBU3HAYEHOCTI SIK 6araToKpuTepiaibHy 3aa49y YMOBHOI OIITH-
wmizarii. OcobamuBiCTIO JaHOT IOCTAHOBKHU € T€, IO (PaKTOPU PO3MISIAIOTHCS STK JUHAMITHI 1
HeviTKi Bemunuu. Bubip Haifkparoi aabTepHATHBY 3/iCHIOETHCA CePEeJl BU3HAYEHOI HAlTe-
pesI CKiHYeHHOT MHOXKIHY aJibrepHaTuB. Ha OCHOBI 11i€l TocTaHOBKY 331841 c(hOPMYyTHOBAHO
BUMOTH, SKIUM IIOBHHEH 33/I0BOJIBHATH MeTO/I 11 po3B’a3yBanus. [Iporec npuitHATTS pimmeHb
posouruii Ha eranu. ChopMysibOBaHO HabIp OCHOBHUX 3aBlaHb, BUPIIIEHHS SIKAX [TOBUH-
Ha 3abe3nednTy iH(MOpPMAIiHA CHCTEMA MIITPUMKHN MPUIHATTS PIllleHb. 3aIpOITOHOBAHA
CTPYKTypa CHUCTEMU IMITPUMKU HPUNHSTTS PillleHb i3 YOTUPBHOX IJCUCTEM: B3aE€MOJIII 3
KOpHCTyBadeM, 30epiranus JTaHuX, KePYBaHHs MOJIeIIMU, 3abe3medeHHs OYHKIIIOHYBAHHS
Ta obumcyaeHus. [1o0ymoBaHo KOHIENTYaJbHY MOJENDb, B AKiit BU3HAYEHO (DYHKITT KOXKHOT
i3 mizicucrem Ta iHdopMarltiitHi B3aeMoil Mixk HuMu. B peagizariil cucreMu mepeadadaeThest
3aCTOCYBaHHS MiKpocepBicHOro mijixoy. [Ipu Takomy I1i1x0 11 MOYXKJ/INBE PO3MIUPEHHS Ta MO-
mudikartisi KOyKHOI 3 MICUCTEM HE3AJIE’KHO Bif iHmmX. TakoK MIKpOCepBiCHa CTPYKTypa
IMJIBUIIYE CTIMKICTh Ta THYYKICTH CUCTEMH.

Kimrouosi ciioBa: npuiiHaTTs pillieHb, arpapHa rajiysb, OaraTroKkpuTepiajbHa 3aj1ada, iH-
dopwmariiina cucrema.
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