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This article presents the development and implementation of a decision support system in a web application for complex
eco-energy-economic monitoring. The study focuses on the analysis and development of decision-making methods, including
decision tables, decision trees and expert systems, which ensure efficient and accurate problem-solving in complex environments.
Decision tables are used for the systematic analysis of possible alternatives and select the best option based on specified criteria.
Experts may use different criteria, including Wald, Bayesian-Laplace, Savage, or Hurwitz, to assess risks, averages, potential losses,
or to integrate pessimistic and optimistic approaches. Decision trees provide a convenient way to model decision sequences and
visualize scenarios. This method assesses the risks of each option, facilitating informed decision-making through analysis of
potential future scenarios. The expert system is designed to accumulate and use knowledge in the form of rules containing
conditions and actions. Knowledge engineers, working on the basis of expert experience, create a knowledge base that can be used
to solve similar problems in the future. The developed decision support system allows experts to send their proposals to an analyst,
who analyses the data in depth, assesses the available alternatives and formulates action programmes. The integration of decision
tables, decision trees and expert systems into a single platform ensures high speed, accuracy and balanced decision making, which
s essential for monitoring tasks. The system has significant practical value, providing analysts with tools for comprehensive data
analysis, process optimisation and development of action strategies. Its implementation helps to improve the efficiency of
management, particularly in the areas of the environment, energy and the economy, which is important for ensuring sustainable
development and improving the health and quality of life of the population.
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HamionansHui TeXHIYHUN IHCTHTYT YKpainu «KuiBchKuil motiTexXHigHUH iHCTHTYT iMeHi Iropst Cikopcbkoro»

MOJIEJII IPUUHATTS PIIIEHD JJ151 CACTEMH KOMILTEKCHOI'O EKO-
EHEPI'O-EKOHOMIYHOI'O MOHITOPUHI'Y

Y c1arTi po3rnisHyTo po3pO6Ky Ta BrPOBAMKEHHS CUCTEMU ITIATDUMKU [IDMAHSATTS PILLIEHD Yy BEO-A0AATOK KOMITIEKCHOMO
EKO-CHEPIrO-EKOHOMIYHOIO MOHITOPUHTY. /[OC/IIXEHHS 30CEPEMQKEHE HAa aHaM3I Ta po3pobLi METo4iB MPMUHATTS DilliEHb,
BK/IIOYAI0YM TabsImLi pilueHb, AEPEBA PilleHb Ta eKCIIEPTHI CUCTEMY, LYO 3a0e3r1eYytoTs ePEKTUBHE Ta TOYHE BUPILIEHHS 3aBAAHbL Y
CKIaaHNX yMOBax. Tabnmyi pilleHb BUKOPUCTOBYIOTLCS A1 CUCTEMATU3AELIi aHami3y MOX/mBUX allbTEPHATUB | BuOOpYy
OMTUMA/ILHOrO BapiaHTa Ha OCHOBI 3afaHux KpUTEDIiB. EKCEPTM MOXYTb 3acTOCOBYBaTH KpUTEDII Banbja, bavieca-/lannacca,
CeBigpxa abo lypsiya, SKi JO3BO/ISIOTL OLUIHIOBATU PU3MKY, CEPEAHbOCTATUCTUYHI MOKA3HWUKY, MOXIIMBI BTpatv abo KoMbiHyBat
ECUMICTUYHI Ta ONTUMICTUYHI 1TiAX04N. [JEpeBa PillieHb 3a6E311eYYIOTL 3PYYHMHI CIIOCIE MOAE/IOBAHHS TOC/IAOBHOCTEN MPMIHATTS
PillieHb | Bi3yanizauii cyeHapiis po3suTky nogivi. Llesdi MeToq [03BO/ISE OLIHUTY PU3NKK, 0B S3aHI 3 KOXHUM BapIiaHTOM, | Cripuse
TPHIHSITTIO OBIPYHTOBaHNX PiliEHb 38 PaxXyHOK aHasi3y BCIX MOXIMBUX LLISXIB PO3BUTKY cuTyadii. EKCIepTHa cuctema po3pobrieHa
A/151 HAKOMUYEHHS Ta BUKOPUCTaHHSI 3HaHb y OpMI ripasms, Lo MICTSTe yMOBU Ta Aii. IHXEHepu 3i 3HaHb Ha OCHOBI AOCBIAY
EKCIIEPTIB CTBOPIOIOTE 6a3y 3HAHB, SIKa MOXE OyTv BUKOPUCTaHA A/19 BUDILICHHS aHaIoMYHUX 3aBAaHb Y MarbyTHEOMY. Po3pobrieHa
CUCTEMA TIATPUMKN [PMUHSTTS PILUEHB AO3BOJISE EKCIIEDTAM HaACWIATHU CBOI NMPOrosuLii aHasIITUKY, LU0 AETA/IbHO BUBYAE OTPUMAH]
AaHi, OLIHIOE arlbTEPHAaTVBKU Ta QOPMYE Nporpamu 3axoqis. IHTerpayis MeToqiB 1ab/mub pilleHb, AEPEB PIlieHb Ta EKCrIEPTHUX
CUCTEM B EAUHY IATHOPMY 3a6E3r1eYyE BUCOKY LUBUAKICTL, TOYHICTB | 3BAKEHICT MTPUUHSITTS PILLIEeHb, IO € KITIOYOBUM /1S 38BAAHb
MOHITOpUHrY. CUCTEMa MAE 3HAYHy MPAKTUYHY LIHHICTL, aKe 3a6e3redye aHaaiTuKkiB iHCTPYMEHTaMu A/15 KOMIIEKCHOIO aHasnzy
JaHNX, OTUMI3aLli MpoLecis i po3pobKku cTpaTeriv fivi. Ii BripoBaKkeHHs crpuse migBULLEHHIO ePEKTUBHOCTI yIPaBIIiHHS, 30KpeMa
B rasy3sx €KoJIOrf, EHEPreTukN Ta EKOHOMIKM, LYO € BaX/MBUM U1 3a0E3I1eYeHHS CTa/lor0 PO3BUTKY, MOKPALYEHHS 340POBA Ta
SKOCTI KUTTSI HACE/IEHHSI.

KI1to40Bi crioBa.; cuctema rigTpuMKN MPUIHSTTS PILUEHb, KOMITIEKCHMA €KO-EHEPIrO-EKOHOMIYHW MOHITOPUHI, Tabsimus
PiLLIEHB, AEPEBO pillieHb, EKCIEPTHA CUCTEMA, 6a3a 3HAHb, BEO-A0AATOK.

Introduction

Ensuring a normal quality of life and sustainable development of society requires constant monitoring and
accounting, as well as effective decision-making to prevent negative environmental impacts, optimize energy and
improve public health. For this purpose, the Complex Eco-Energy-Economic Monitoring system (CEEEM) has been
developed. This system allows experts in various fields to collect, process and analyse data on the environmental,
energy, economic and social status of the territory [1].

In the system, an expert analyst identifies a problem, sends it to various experts for analysis, and, based on
their suggestions, forms a program to solve the problem. To ensure the greatest objectivity and multilateralism in
decision-making, the development and implementation of a decision support system for the CEEEM application is
an urgent task. Such a system should provide functionality for effective decision-making and the formation of
alternatives.

The developed system provides a wide range of functionality for analysis and decision-making. It contains
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three methods that an expert can use in decision-making: a decision table, a decision tree, and an expert system. The
expert chooses the most appropriate method for a particular situation, depending on the needs of the task. This
functionality makes it possible to analyse in detail all possible solutions for a particular task, assess possible risks,
and search the rule base if they are added to it.

Thus, the developed system allows the analyst to quickly and efficiently build decisions based on expert
analysis. Therefore, research on the development of a decision support system for the application of integrated eco-
energy-economic monitoring is a relevant and important area now.

Related works

Paper [2] presents a general architecture of decision support system (DSS), namely "client-server”, which is
suitable for creating a system in a web application. In general, a system consisting of the following elements: data
manager, interface manager, and decision model manager. However, this article does not describe specific decision
models. Therefore, it is necessary to consider the works that study different decision models.

Article [3] discusses decision making under uncertainty and risk. This article describes risk assessment,
alternative analysis and selection of the best alternatives using a decision table. This method helps to analyse the
existing alternatives for making certain decisions based on the evaluation of various factors.

The algorithm for making sequential decisions is discussed in the article [4]. This algorithm is a decision
tree that helps to visualize the sequence of decisions and their possible consequences. This method can be used in
cases where it is necessary to consider several sequences of decisions, to consider their consequences and to choose
the most optimal one.

Paper [5] describes the architecture of an expert system. However, it does not describe the structure that
ensures the storage of rules. For this purpose, a structure based on the use of rules is described in paper [6]. It is a
product model based on the principle "If ..., then ...". The rules are stored in a similar way in the expert system for
demand management in healthcare supply chains in the face of epidemic outbreaks described in paper [7]. This
paper describes the construction of rules where the input variables are a condition under which certain actions are
performed.

The paper [8] describes a DSS for environmental decision making. This DSS is based on an expert system
where decision rules are stored in a knowledge base and used to model scenarios. The software has a modular
structure with integration of expert rules, which ensures accuracy and speed of decision making. Data is stored in the
form of knowledge and processed by rules to generate conclusions and recommendations.

After reviewing these publications, it was concluded that it is necessary to select and study decision making
algorithms for management. Examples of such algorithms are the decision table and the decision tree. A decision
table helps to analyse all available alternatives in depth, evaluate them, and select the alternative with the best score.
However, this method is not effective when it is necessary to consider a sequence of decisions. To solve such
problems, there is a decision tree, which helps to visualize the sequence of decisions, their consequences and
possible outcomes. However, this method does not allow to analyse each alternative according to certain factors.
Therefore, it is important to explore both methods. An expert system can also be useful, as it allows experts to make
more effective decisions based on the accumulated experience of other specialists. Therefore, it is important to
consider multiple decision-making methods when building a DSS. This allows experts to use the most appropriate
method for each task.

Analysis of existing methods and models

To test the developed decision-making algorithms, data on the state of the Desha River, into which the
Sejm flows, were used to analyse the impact on the health of the population.

In order to analyse the state of the river, data were taken from the state surface water monitoring dataset
provided by the State Agency of Water Resources of Ukraine. The main indicators used to determine the impact are
the following: sulphate, chloride, chemical oxygen consumption, hydrogen index, dissolved oxygen, temperature,
phosphates, total iron, ammonium, ammonium nitrogen, manganese, nitrite, nickel, arsenic, lead, cobalt, total
chromium, cadmium, etc [9].

The search for optimal solutions is carried out using the following methods

- decision table;

- decision tree;

- expert system.

To develop these methods, the React library was chosen. It provides powerful functionality for building
website interfaces. The cytoscape.js library was also used to display the decision tree. The object-oriented
programming paradigm was chosen to facilitate the construction of the decision tree. The MySQL database
management system was used to develop the knowledge base, which allows the creation of tables and links between
them.

108 MDKHAPOJIHUI HAYKOBUI XKYPHAJL )
«KOMII’IOTEPHI CUCTEMHU TA IH®OOPMAILIUHI TEXHOJIOI'II», 2024, Ne 4



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Research results

As a result of the research, it was developed the functionality of a decision support system using the
methods of a decision table, a decision tree, and an expert system. After the system was developed, it was tested
basing on the following tasks:

- “Assess the impact of pollution from the Seim River on the waters of the Desna River and identify
the necessary environmental measures to reduce damage to the ecosystem”;

- “Assess the impact of pollution on the health of the population consuming water from the Desna
River and implement measures to prevent epidemiological risks”.

The module functionality is shown in the diagram (Fig. 1):
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Fig. 1. DSS functionality

To implement the system there are created modules:

- decisionTable;

- decisionTree;

- expertModel ;

- DSSAnalist — an interface for analysts to view decisions from experts and create their own.

A decision table is a tool that allows expert objectively evaluate the strengths and weaknesses of each of the
decision alternatives. A decision table can help in decision-making cases where there is a set of requirements for
several factors in the alternatives.

The principle of operation is analysing all possible alternatives by factor. First expert considers possible
alternatives and evaluates them by each factor from 1 to 10. The higher the score, the better alternative. After that,
each alternative is evaluated according to one of the criteria [6]:

- Wald's criterion;

- Savage criterion;

- Hurwitz criterion;

- Bayes-Laplace criterion.

The Wald criterion is used to minimize losses in the worst case. Therefore, it is suitable for cautious
selection of alternatives where the lowest risks are important. Formula of Wald’s criterion:

W = max min W;;, (D)
3 J
where i — alternatives;
j — factors of alternatives;
wij — estimates of the factors of alternatives.
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The Savage criterion is designed to find an alternative that may be not the best, but at the same time is not
too risky. The Savage criterion is calculated using the following formula:

W = min max(W max —W;;), )
L j

The Hurwitz criterion helps to find an alternative between extreme pessimism and optimism. The
calculation is performed using the formula:

W = max[a min W;; + (1 — a) max W;;] £, (X; — X)?, @)
J 3 i

where « is the coefficient of optimism-pessimism.
The Bayes-Laplace criterion is relevant to use in cases where the estimates of the factors in the alternatives
have a small difference and small risks are assumed in the implementation. The formula for this criterion is:

W = max ¥, Wi (4,0), @)

Working with decision tables is implemented in the “decisionTable” module. The functioning of the
developed module for working with decision tables is shown in figure 2:

Criteria of evaluating alternatives

Creating of alternatives / \

Creating of factors

Setting prices for alternatives by factors

Created decision table

Expert _ Calculation alternatives prices and search of the best Work with the decision table Analyst

Rating of alternatives

Y

Table validation

\- /

Adding data about |decision table

Database of
solutions from
experts

Fig. 2. Principle of operation of the decision table module

To test the system selected task “Evaluate different methods of water quality monitoring in the Desna
River”. To solve it considered following alternatives:

- laboratory analysis;

- automatic monitoring stations;

- field research;

- biomonitoring;

- combined use.

The factors by which the alternatives evaluated are follows:

- risk ranking;

- accuracy

- response time;

- cost;

- compatibility with the Ministry of Health standards.

In order to take into account all possible risks, the Wald criterion was chosen to compare all methods under
the worst-case scenarios. The constructed decision table for this task is as follows (Fig. 3):
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DakTopn OuinKa KoXHO anbTe...

AnsTepHaTMBH

KomBiHoBaHe BHKOPHCTaHHA

HoBa AntTepHaTuga

JaraneHa ouinka: 8

Fig. 3. Comparison of alternatives using a decision table

As shown in the figure, the decision table analysed all the alternatives by factors, evaluated them, and
selected the best score (in this case, the “Combined Use” alternative). After the expert has analysed all the
alternatives, they are sent to the analyst for review.

A decision tree is a graph that helps to visualize all possible decision options and their possible
consequences. This method is used to select the best course of action among those depicted in the tree [10].

A decision tree consists of the following elements [11]:

- decision node;

- decision alternatives;

- probability node;

- branch of possible events;

- result node.

The decision node indicates the task or problem to be solved. It plays a crucial role in the process of
developing a sequence of actions because each decision can lead to different scenarios and consequences.

Each decision node contains from one to several alternatives, which are depicted as lines that extend from
these nodes. Alternatives are options that can be chosen to solve a particular problem.

After an alternative, there may be a next decision node or a probability node, which is depicted as a circle.
Such nodes represent uncertainties and risks that affect the final results. Each probabilistic node contains one to
several possible outcomes, which are represented as straight lines. They indicate possible events that may affect the
outcome or possible consequences of certain decisions. Each possible outcome has its own probability of
occurrence.

Each probable event is followed by a next decision node or end node. It is depicted as a rectangle and
describes the result of the sequence of decisions.

Building a decision tree visualizes all possible ways to solve a problem and depicts all the risks. The expert
independently reviews all possible ways and chooses the most optimal one.

Functional for decision trees is implemented in the “decisionTree” module. An expert can build a decision
tree for a particular task, view the probability ratings of the tree branches, and send the created tree to an analyst.

To structure the elements of the decision tree, created a class hierarchy, as shown in figure 4:

Trees are displayed using the cytoscape.js library.

This method allows an expert visually to see all possible decision sequences and their consequences.

Experts can send the created decision trees to the analyst for review, after which he or she can review them.

The next task that is analysed using the created system is “Controlling the impact of the Seim River
emissions on the Desna River” using a decision tree. This method was chosen for this task because to solve it, most
likely, it is necessary to create a sequence of decisions and consider all possible events that may arise from their
adoption (Fig. 5).
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Decision
- _inputAlternative: Alternative | ChanceEvent 1 on Alternative
- _name: String; ; ——
- _text: String; @———— - _name: String;

- _text: String;
- _decisionOwner: Decision;
+ addAlternative(alternative_: Alternative): void; [—<>| - _nextElement: List=<ChanceEvent> | Decision;

- alternatives: List<Alternative=

+ removeAlternative (name_: String): void; 1 B N ]
+ addNextElement(newDecision: Decision | ChanceEvent): void;
1 + removeChanceEvent(chanceEvent. ChanceEvent): void;
1
On
; ChanceEvent
L |- _name: String;
- _text: String; !

- _probability: Number;
- _vertixRefferal: List<ChanceEvent= | Decision | Result;
’—’ - _prevStage: Alternative | ChanceEvent;
! + addNextElement (newDecision: Decision | ChanceEvent): void,; on
Result + removeVertixRefferal (removedVertix: Decision | ChanceEvent): void;
- _name: String;

- _text: String;
- _inputEvent: ChanceEvent;

Fig. 4. Classes for building a decision tree
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Fig. 5. The constructed decision tree

The constructed decision tree depicts all possible decision-making scenarios and their possible
consequences. The expert can see this visualization, which makes it easier for him/her to have a general vision of all
possible solutions to a particular problem.

An expert system was chosen to view existing solutions for experts. This is a module that allows an expert
to select existing solutions. These solutions are added by a knowledge engineer (a more experienced specialist in a
particular field).

These rules are stored in a knowledge base in the form of productions [12]:
(i); Q; P; A1,A2,...,An - B1,B2,...,Bn; N, (5)

This formula consists of the following elements:
- is the name of the production, which is unique for each one;
- Q is the area of knowledge that the production belongs to;
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- Al, A2, ... — Bl, B2, ... are the core of the production, which is the condition or antecedent (A1,
A2, ..., An) under which the consequent (B1, B2, ..., Bn) is performed;

- P is a precondition of the production, if true, the core is executed:;

- N is postconditions of the production, which are executed only if part B of the kernel is true.

Parts P and N are optional and may be not added to the product if they are unnecessary. In the
implementation of the expert system, they are absent, since it only specifies a condition, a list of actions under it,
and which are performed if the condition is not true.

The expert system contains functionality for experts to search for ready-made solutions for similar tasks
and add solutions in the form of productions. They are stored in a database, as shown in figure 6:

m spheres ¥
id INT
name_ CHAR (100)
description_ TEXT
>
3
* —| productionsc lternative ¥
i v i v |
"] productionsantecedents "] productions % productionTd INT
# productionId INT id INT | » consequentld INT
@ antecedentld INT name_ CHAR(100) | >
o HH—
prevAntecedentConnector ENUM( AND', 'OR’) & sphereld INT
> priofty INT |1~ 7¥
> » T
¥ B j consequents ¥
1 o id INT |
—H
= - o ﬁ | expression TEXT
L ] productionsconsequents ¥ : >
id InT # productionId INT | |
expression TEXT e

» consequentld INT
> > {

Fig. 6. Productions storage database

The spheres table stores all existing productions areas. The productions-table store basic information about
the productions, such as their names, priority, and the identifier of the sphere to which the production belongs. To
provide the ability to store different conditions in different products and in each of them several concretions, a
many-to-many relationship is implemented between the productions and antecedents tables using the
productionsAntecedents table, which also stores a logical operator with a precondition. Similar two relationships are
implemented between the productions and consequents tables: one specifies the sequences that are executed when
the antecedents are true (using the productionsConsequents table), the other — in the opposite case to the kernel
condition (the productionsConsequentsAlternative table).

The development of such a database makes it possible to reuse existing antecedents and consequents
without duplicating them in the tables.

Using this functionality, an expert can search among existing solutions and select them. Using ready-made
solutions can eliminate the need to build new solutions using a table or tree. Displaying existing solutions from the
subject area (Fig. 7):

Mottyk icHy1oMX piliiekis 3 KAIOMOBHMM CAOBAMI

3nangena iHpopmalin y 6a3i 3HaHb:

Mpasunc: /Ll NpU 3aBMUIEHOMY PiBHi HadTOBWX BiAXOAI

Janps

JANPOnONYRATH y AKOCT) Piissdn

Fig. 7. Functionality for searching for existing solutions in an expert system

ax niAxoAin ¥ Bopoimy

Solutions to tasks are added by an expert in a particular field who has extensive experience. They can add
and delete existing rules in the area of expertise. The interface for working with solutions by an experienced expert
(Fig. 8-9):
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Mowyk Npasun 3a KNIOHOBUMKM COBAMMK

3HaiaeHa iHpopmalin y 6a3i 3HaHb:

Mpasuno: Al Npy 3aBUILEeHOMY PiBHi HadTOBUX BIAXOAIB

niaxoain y nogoiimy

Fig. 8. Display of rules from the expert system that editable by a specialist in the relevant field of knowledge

Hose npasuno

¥
8

Aii, AxWO yMOBa icTRHHA

THHHOIO

5

HH : Eﬂ
H
s

E3a
Fig. 9. Form for adding new rules to the knowledge base

After adding certain rules, they will be displayed when searching for them by the subject area of the task.
An expert can review all existing solutions and choose the one that suits its needs. After that, it will be sent to the
analyst for review. The solutions sent to the analyst from the experts look like this (Fig. 10):

PiweHHs Big ekcnepTiB A4 3a4aui:
Konmpone ennuey sukudie piuku Celiv Ha JecHy

PoknaHa B.3. (Ekonor) ~

NeBuubkuii 1.B. (Mlikap) v

CTBOPUTW BNacHe pillieHHA

Fig 10. Output of solutions from experts to the analyst

The analyst is presented with a list of experts who suggested a solution. By clicking on a particular expert,
the analyst will see the alternatives proposed by the expert using the method he or she used to create them. The
analyst can choose any of them or, taking into account the opinions of experts, create his/her own using one of the
three methods. This functionality allows the analyst to build his/her own decisions taking into account analysis of
each expert.

Conclusions

This article presents a decision-making system for conducting complex monitoring based on a combination
of different methods. This approach allows experts in the CEEEM system to evaluate potential solutions using the
most effective methods for particular tasks and send them to an analyst for further consideration. The analyst is able
to review the decisions from all experts and formulate a program of measures, thereby rendering the decision-
making process more universal.

The results of the development and implementation of the CEEEM system can be summarized as follows:

1. A decision-making table has been developed. It allows experts to evaluate several alternatives by all
possible factors and choose the best ones. The analysis of potential solutions for the task “Evaluate different
methods of water quality monitoring in the Desna River” was conducted in accordance with the Wald criterion,
resulting in the selection of the "Combined use" alternative as the optimal choice.

2. A functionality for working with decision trees has been developed. It allows visualizing all possible
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sequences of decision-making and their consequences, which is convenient in cases where several decisions need to
be made simultaneously. An analysis of potential solutions for the task “Controlling the impact of emissions from
the Seim River on the Desna River” has been conducted, which resulted in visualization of all possible scenarios.

3. A functionality for working with the expert system has been developed. This allows experts to review
and select existing solutions in the knowledge base. An expert with extensive experience can add rules to the system
that can be useful for transferring experience to other experts.

The decision-making system is of considerable practical value, as it provides analysts with tools for
comprehensive data analysis, process optimisation and development of action strategies. Implementation of the
system has been shown to improve the efficiency of management, particularly in the environmental, energy and
economic sectors. This is crucial for ensuring sustainable development and improving the health and quality of life

of the population.
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