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The article aims to study the modelling of an expert decision-making system using artificial
intelligence based on a geographic information system. The authors also investigated the issues
related to the substantiation of the necessary components of the expert system and the decision-
making unit using artificial intelligence, which will address the needs of stakeholders in acquiring the
optimal real estate object. To achieve this goal, the authors used retrospective data analysis and user-
oriented visual presentation of information. The authors solved the task defined in the article by
proposing a model of an expert system for stakeholder decision-making using GIS and identifying the
components of the expert system and the decision-making unit using artificial intelligence. The results
obtained in the study will allow them to provide recommendations to the stakeholder in the form of
several optimal real estate options from among the regions of Ukraine, in which he could choose the
one that is acceptable to him. The article's relevance is to demonstrate the capabilities of geographic
information systems in combination with artificial intelligence in ensuring the post-war recovery of
the real estate market.
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Introduction

In the context of widespread destruction and damage to housing in the east of the country as a
result of the hostilities, geographic information systems (GIS) and their latest capabilities are
becoming a necessary tool to address the challenges of effective real estate recovery. A sufficient
amount of research has been devoted to the development of the real estate market and its
particularities (Popovich et al., 2004; Danich and Starchak, 2019; Pavlov et al., 2019; Danyliuk
and Dmytryshyn, 2021).

Global technological trends may change the way real estate transactions are conducted and
managed (Caputo, 2013). Digital platforms and online services can simplify the process of
finding, buying and selling real estate, which affects market dynamics.

The newest features that are now provided in GIS are the main reason why they can be called
“intelligent”. Their goal is to find methods for solving problems in a particular subject area based on
information stored in a database and conditions described by stakeholders. Expert systems can serve
to solve two problems. The first problem is providing recommendations in situations that arise in the
decision-making process. The second problem is managing the control of complex modelling modes.

Thus, geographic information systems that contain a customized decision support module play a
significant role in the restoration and development of the Ukrainian real estate market.

Method of investigation

Expert systems, mainly related to the data output process in intelligent GIS, use an algorithm that
can describe complex parallel processes using sets of simple rules, while providing a high level of
efficiency in managing, modelling, and providing recommendations. In addition to a database,
expert systems use an ontology.

The functions of providing access to data are assigned to the database, geodatabase (GDB), and
ontology. A database is an important component of any intelligent system. Databases provide
information necessary for the functioning of the expert systems component in an intelligent GIS.

An ontology is intended for general and detailed formalization of the subject area of an intelligent GIS
using a certain conceptual scheme. The interaction between the knowledge base objects and the
ontology is a “framework” designed to represent concepts and their relationships in the subject area of
application. Intelligent GIS should load all input information, conditions and factors into the database
and thus be adaptable to different subject areas. Database and ontology services are consumers of
services that provide information for their functioning (Popovich et al., 2004).

As a rule, information in an intelligent GIS is divided into the following groups:
e topographic data;
e (ata about the object of research;
e (ata obtained from external sources.

Since each of the above groups is intended to implement different functionalities, it is expected
that the requirements for each data group are quite diverse. Topographic data is aimed at a user-
oriented visual representation of information in the form of information and digital maps
(Pomortseva et al., 2023; Kobzan and Pomortseva, 2023).

Information and digital maps are created based on mathematical calculations of information from
the database according to the formulas of the income method of evaluation and retrospective data
analysis (Cashman et al, 2022) (Fig. 1).

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine



Terrace
Conference

The price of a two-room apartment in 2021 The price of a two-room apartment in 2022
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Figure 1. Information and digital maps of changes in the cost of a 2-room apartment by region of
Ukraine in the secondary real estate market in the period 2021-2024.

Results

Data on the research object contains knowledge about the dynamic information model of the
subject area. The dynamic information model in this case is organized by a certain system of
rules, a set of elements of the situation. Each time, it contains data that corresponds to the actual
parameters of the objects and their environment.

An expert system is a set of interacting software tools that can provide high efficiency in solving
a problem within a certain subject area, in particular, to provide recommendations to a
stakeholder on the choice of a real estate object (Fig. 2).

The structure of an expert system integrated into GIS consists of the following main components:

e adatabase that contains data, input information, conditions and factors (rules or other
representation data) that use this information as a basis for decision-making;

e acomputing unit in which the main calculations are performed,;

e geodatabase (GDB), which includes direct arrays of information from the database
and basic mathematical calculations for the construction of information and digital
maps;

e decision-making unit using artificial intelligence, which includes basic algorithms;

e an inference machine (mechanism) used in the search for a process of solving
problems based on the database;

e user interface that supports external interaction with the expert system.

In addition to these components, a GIS-integrated expert system may include some other software
tools that are determined by the specific characteristics of the problems to be solved. The
database is by far the most basic and valuable component of an expert system for intelligent GIS.
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The development process differs from the development of conventional software tools defined by
the specific characteristics of the information.

STAKEHOLDER DECISION-MAKING MODEL BASED ON GIS

INCOMING INFORMATION MORTGAGE CONDITIONS FACTORS
) ) ' 1. loan rate ) 2 3
regions of Ukraine rental payments 2. crediting period factm; afie(t:tmg rie(g:onal
‘3. other conditions ISR MAND
l ‘ general external factor
segments of residential real affecting the real estate
estate (1, 2, 3-room real estate value market
apartments)

1 I [l

GEOINFORMATION SYSTEM FOR REAL ESTATE

S
DB vt e

computing unit

DB real estate
.I”

1. calculation of annual income

2. calculation of the capitalization GDB *  information-digital map
rate A—"/‘

3. calculation of the payback ¥

period B

DECISION-MAKING BLOCK WITH THE HELP OF ARTIFICIAL
INTELLIGENCE

processing of large data sets
v
Making decisions
ALGORITHM's own funds mortgage AL GORITHM

!

recommendations to the stakeholder
regarding the purchase of real estate

Figure 2. Expert system for stakeholder decision-making using GIS

The model of an expert decision-making system proposed in this article can be used to rebuild the
real estate market of Ukraine.

The research proposed a model of an expert system for stakeholder decision-making using GIS.
The components of the expert system and the decision-making unit using artificial intelligence
were clearly defined.

Conclusions

The research showed that recommendations to the stakeholders are provided based on an array of
information from the database, calculations, algorithms, and information and digital maps. For
this purpose, the direct capitalization method is used as part of the income approach. After
calculations of the input information, a geodatabase is formed, based on which information and
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digital maps are built. Taking into account the conditions of the stakeholder and other factors,
using decision support algorithms, an expert system and an expert, the stakeholder is offered
several optimal options from among the regions of Ukraine in which he could choose a potential
real estate object.
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