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INVESTIGATION OF APPROACHES

TO DESIGNING COMPLEX DATABASE
STRUCTURES IN SYSTEMS OF
INTEGRATED MONITORING OF
ENVIRONMENTAL, ECONOMIC, ENERGY
AND SOCIAL PARAMETERS OF

THE TERRITORY

The object of research is the traditional and universal approach of designing the database structure in systems of
integrated monitoring of ecological, economic, energy and social parameters of the territory, which include diverse
data from various subject areas. In the course of the study, an analysis was performed based on a set of criteria
such as scalability, ease of updating data, absence of empty fields, volume of the database, number of tables and
fields, ease and speed of execution of requests for a sample set of indicators of the research object. The comparison
of these approaches took place on the example of water resources monitoring, since it has several subsystems and
a large number of indicators that are used for assessment. It is established that the proposed universal approach
to designing complex database structures made it possible to reduce the volume of the database by 2.25 times due
to the absence of empty fields. In particular, in the considered example, the filling factor of the database with
the traditional approach is 1.75 times less than with the proposed universal approach. It should be noted that the
rate of table filling for the traditional design approach can vary depending on the number of indicator values,
while the table filling rate for the universal approach is always close to 100 %. Also, the proposed database de-
sign approach makes it possible to speed up data loading and processing. For example, with the same volume of
significant information, the minimum speed of sampling the characteristics of one research object is 3.87 times
greater in a database developed according to the principles of the universal approach than according to the rules
of the traditional approach. The proposed structure of the database is successfully used in the system of complex
eco-energy-economic monitoring. The developed structure of the database can serve as an effective basis for the
Jormation of an electronic data bank at the level of the enterprise, region and country.
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1. Introduction

One of the priority areas of development of any country
in the world is to establish a balance between meeting the
modern needs of humanity and protecting the interests of
future generations, including their need for a safe and healthy
environment. This corresponds to the general concept of
sustainable development of the countries of the world, but
its implementation is impossible without a comprehensive
analysis of the ecological, economic and social parameters
of the development of states, in particular Ukraine. There-
fore, a system of complex eco-energy-economic monitor-
ing (CEEEM) [1, 2] was developed, which is intended for
effective management decision-making to ensure high quality
of life and health of the population. The CEEEM system

provides the work of various specialists, namely: an ecolo-
gist, an economist, an energy expert, a doctor, a lawyer, and
a decision-maker. Specialists can use various information to
monitor the facility and provide recommendations to improve
the situation, including information related to another area.
For example, to calculate the environmental tax, an economist
uses information on emissions, discharges and disposal of solid
household waste, to forecast the incidence of the population,
a doctor takes data on discharges into water bodies, emissions
of harmful substances into the atmosphere, etc. Therefore,
the question of optimizing the structure of such systems and
researching different approaches to their design is relevant.

Work [3] describes a database (DB) for diagnosing the
state of the river system, [4] describes the DB structure for
the placement of solid household waste. The work [5]
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contains the DB structure for providing geo-informational
monitoring of the lands of the nature reserve fund, and
the work [6] describes the DB structure of the ecological
state of soils. All of them are designed according to the
fundamental principle of building a DB, that is, during
physical modeling, models optimized for a specific task
were created. This approach does not allow replicating the
data model to different subject areas, does not provide
a simple expansion of the information in the DB, and
does not contribute to the use of established solutions.

The approach to creating the most universal DB model
for a wide range of tasks within the subject area is used in
work [7] for the DB of water objects and services of the
water resource quality monitoring system. But for a complex
analysis of the territory, which would cover all monitoring
subsystems [8], optimization for a specific task would lead
to a large number of specialized tables, and their processing
to the breakdown of the complex system into subsystems.
For example, in [9], the authors provide a description of the
structure of a set of databases for work on open rock, which
includes separate databases for storing information on air
quality, waste management, work with maps, and land use.

Other systems that focus on more than one monitoring
subsystem, such as «Open Environment» [10] and RBCA [11],
work according to the same principle.

The aim of this research is to compare DB design approaches
and develop a unified, flexible DB structure that will allow
storing various types of specialized information without the
need to restructure the DB structure in the CEEEM system.

2. Materials and Methods

The paper considers two approaches to building an
infological model of the subject area, namely: the traditional
approach and the approach of creating a universal model.

The traditional approach generates a model with the fol-
lowing features:

— each object of the subject area is an entity of the model,

and the number of entities depends on the subject area

and is a variable value;

— an entity attribute is a property of a real-world object

and only attributes important for the given task are taken

into account;

— expansion of the data set implies a change in the

composition of entities and their attributes.

Features of the universal model are:

— description of the subject area by hierarchies of real

objects, that is, each entity is responsible for a group of

objects of the subject area and is their generalization, the
set of entities is fixed;

— entity attribute is a common property for a group of

real-world objects, only attributes important for the given

task are taken into account;

— expanding the data set does not involve changing

the composition of entities and their attributes.

A comparison of traditional and universal approaches is
carried out on the example of water resource monitoring [8],
as it has several subsystems and a large number of indica-
tors that are evaluated.

Hygienic assessment of the safety and quality of drinking
water is carried out according to indicators of epidemic safe-
ty (microbiological, parasitic), sanitary-chemical (organoleptic,
physico-chemical, sanitary-toxicological) and radiation indica-
tors. Epidemic safety is evaluated by 11 indicators, there are al-

s0 66 sanitary and chemical indicators for evaluating the safety
and quality of water, divided into three tables, and 6 radiation
indicators. In addition, water quality is assessed by indicators
of specific alpha- and beta-activity of drinking water (2 in-
dicators) and indicators of physiological completeness of the
mineral composition of drinking water (9 indicators) [12].

3. Results and Discussion

The traditional approach generates entities that corre-
spond to each group of indicators with a complete list of all
indicators in the form of attributes of the corresponding enti-
ties [13]. That is, in our case, there will be 7 entities (tables)
to store the values of indicators, 2 entities (tables) to store
information about the research object and research results.
There are 9 entities in total.

As a result, let’s get 98 attributes responsible for water
quality and divided into 7 tables, 2 attributes for describing
the research object, 3 attributes for describing a specific study
and 9 special key attributes for relationships between entities.
In total, there will be a maximum of 107 attributes, most
of which will be empty, since not all objects are measured
by all indicators.

The model looks as shown in Fig. 1.

To build a universal model, it is necessary to move away
from specifics and rise to the upper level of abstraction.
For this, a set of general entities and their characteristics
is distinguished. The entity for the description of the wa-
ter supply facility will be similar, and the entity for the
description of indicators will be one universal, instead of
7 specific ones, with such characteristics as name, units
of measurement, type of indicator, standards. An example
of a universal model is presented in Fig. 2.

As a result, let’s get 10 attributes responsible for water
quality and divided into 3 tables, 2 attributes for describing
the research object and 4 special key attributes for relationships
between entities. There will be a total of 16 attributes that
contain only the necessary data. That is, if not all indicators
are measured at the facility, only the results of the mea-
surements will be stored. The results of the comparison of
design approaches are shown in the Table 1.

The values of statistical indicators for two variants of the
DB structure of the water resource monitoring subsystem
are presented in the Table 2, and in Fig. 3 shows a graph
built on their basis. Both databases contain information on
the results of the study of 20 objects in the city of Kyiv.
The results of the study were taken from the website of
Kyivvodokanal PrJSC [14]. The study contains only 8 of
40 sanitary-chemical indicators of safety and quality of drink-
ing water and 1 indicator of the physiological adequacy of the
mineral composition of drinking water, namely, total alkalinity.

As can be seen from Fig. 3, with the same number of re-
search objects, the traditional approach generates more entities
and attributes, which significantly affect the volume of the
database on disk. Although the universal approach generates
significantly more records in the tables, the total volume of
data is smaller due to the absence of empty fields. Thus,
the volume of the database obtained with the traditional
design approach (DB1) is 2.25 times larger than the simi-
lar database obtained with the application of the universal
design approach (DB2). This fact explains the filling factor
of the database, which is always less than 100 % with the
traditional approach (in the considered example, the filling
factor of DB1 is 1.75 times less than that of DB2).
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Sanitary and chemical indicators
of safety and quality of drinking water
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PK  Intake number

Indicators of epidemic water safety

Sanitary and chemical indicators of safety and
quality of drinking water
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Smell- at t=20 °C, at t=60 °C

Color

Turbidity

Taste and aftertaste

Hydrogen index

Carbon dioxide

Total iron

Water hardness.

Total alkalinity

lodine

Calcium

Magnesium

Manganese

Cuprum

Polyphosphates (according to PO43-)

Sulfates

Dry residue

Free residual chlorine

Chlorides

Zinc

Bound residual chlorine

Aluminum

Ammonium

Chloride dioxide

Cadmium

Silicon

Arsenic

Molybdenum

Sodium

Nitrates (according to NO3)

Nitrite

Residual ozone

Mercury

Plumbum

Argentum

Fluorides

Chlorite

Residual polyacrylamide

Formaldehyde

Chloroform

Permanganate oxidation

PK  Intake number

PK Intake number

The total microbial number at t=37 °C — 24 years

The total microbial number at t=22 °C — 72 years

Total coliforms

E.coil

Enterococcusn

Pseudomonas aeruginosa

Pathogenic enterobacteria

Kcoliphages

Enteroviruses, adenoviruses, antigens of rotaviruses, reoviruses, hepatitis

A virus and others

Pathogenic intestinal protozoa: cryptosperidium cysts, isospores, giardia

cysts, dysenteric amoebas, intestinal balantidia and others

Intestinal helminths

Volatile phenols

Chlorophenols

Beryllium

Boron

Strontium

Antimony

Cyanides

Benzene

1, 2-dichloroethane

Carbon tetrachloride

Trichlorethylene and tetrachlorethylene (total)

Total organic carbon

Indicators of specific alpha and beta activity of drinking water

PK Intake number

Sanitary and chemical indicators of safety and
quality of drinking water

Total alpha activity

Total beta activity

PK Intake number

s of the physi i 1ess of the mineral
composition of drinking water

PK  Intake number

Total hardness

Total alkalinity

lodine

Potassium

Calcium

Magnesium

Natrium

Dry residue

Fluoridesu

Qil products

Anionic surfactants

Cobalt

Nickel

Selenium

Total chrome

Benz(a)pyrene

Dibromochloromethane

Pesticides 1,2

Pesticides 1, 3 (total)

Trihalomethanes 4 (total)

Chloroform

Permanganate oxidizability

PK Intake number

PK Identifier

Reaction indicators of drinking water safety

Name

Address

PK Intake number

Research results

PK Identifier

Object identifier

Intake number

Research date

Total activity of a natural mixture of isotopes U

Specific activity 226Ra

Specific activity 228Ra

Specific activity 222Rn

Specific activity 137Cs

Specific activity 96Sr

Fig. 1. An example of a traditional model for describing water guality at a water supply facility
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Water supply facility Research results Indicator Types of indicators
PK Identifier PK Identifier PK Identifier PK Identifier
Name —I—K Object identifier Name Name
Address Indicator identifier Bt Units of measurement Description
Research result Indicator type Bt
Date of study Norms.

Fig. 2. An example of a universal model for describing water quality at a water supply facility

Tahle 1

Summary table of comparison results

Criterion name

Traditional approach

Universal approach

Scalability

It requires significant changes in the structure of the database
and the software system that uses it.

To expand the data set, it is necessary to add or delete tables/
fields, which requires changes and programs, especially if
technologies tied to the DB structure are used

Does not require changes in the database structure and minimal
changes in the software system that uses it.

To expand the data set, it is necessary to simply add rows with
new information, without the need to change the database structure
and minimal software changes (without the need to change the
data model in the program)

Ease of updating data

Update by one command.
Data about one object is collected in one row of the table, so
the update will be carried out within one row

Update using a set of commands (transaction).
Data about an object can be in multiple rows of a table, so an
update may require a set of update requests

Correctness and com-
pleteness of information

DB structure created according to all the rules ensures cor-
rectness and completeness of information

The database structure created according to all the rules ensures
correctness and completeness of information

Absence of empty fields

There are empty fields in individual records.

Since not all objects have values according to all parameters,
some of the cells will be empty, which leads to the presence of
redundant data and an increase in the volume of the database

There are no empty fields.
Only the available values of the indicators are stored in the tables,
so there is no redundancy

Number of entities and
attributes

It significantly depends on the detailing of the objects of the
subject area.
Corresponds to a set of domain objects, so it changes depending

Almost does not depend on the detail of the subject area. Corre-
sponds to a set of top-level abstractions, that is, instead of specific
objects, we work with general groups that are immutable

on the level of detail

The value of statistical indicators for two variants of the DB structure of the water resource monitoring subsystem

Tahle 2

Indicator Traditional approach Universal approach

Number of entities 9 4

Number of attributes 107 20
The number of objects about which information is stored in the database 20 20
Number of entries 60 185
Filling of tables, % 57 100
Database volume, KiB 144 64
The minimum number of tables participating in the query 3 4

The maximum number of tables participating in the query 9 4

Max execution time for sampling indicators for one object, ms 232 157
Min execution time of sampling indicators for one object, ms 58 15

Note: Filling of tables is a coefficient that reflects the percentage of data filling and is calculated by the formula A=Number of filled fields/
Number of fields*100. The speed of execution of requests was determined programmatically based on a series of 10 samples, the minimum and

maximum values of the time spent on execution in ms are presented

The index of filling the tables for the traditional de-
sign approach can vary depending on the completeness
of the study, that is, the more index values, the higher
this index. The rate of table filling with the universal
approach is always close to 100 %.

In addition, tables with a large number of fields are
bulky, which affects the speed of loading and processing
data. This is clearly demonstrated by the results of the
study, because with the same volume of significant infor-
mation, the minimum speed of sampling the characteristics
of one research object is 3.87 times greater in DB1 than

in DB2 (sampling is 3.87 times slower). This difference
is clearly presented in the diagram in Fig. 4.

So, the obtained results show that the proposed uni-
versal approach to the design of complex DB structures
using the example of the CEEEM system made it pos-
sible to reduce the DB volume by 2.25 times due to the
absence of empty fields. In particular, in the considered
example in the work, the database filling factor with the
traditional approach is 1.75 times less than with the pro-
posed approach. This difference is clearly presented in
the diagram in Fig. 3.
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Comparison of models on the speed of
sampling requests

250
. 195
g 200
.
= 150
b= 107
=
s 100
. 60

50 s . 20 0 2 l

0 —— | I .

Entities Attributes Objects Records

B Traditional approach ™ Universal approach

Fig. 3. Comparison of approaches

Comparison of models on the speed of
sampling requests

250

232
200
157
150
100
58
50
0 |

Max execution time for sampling
indicators for one object

Execution time, ms

Min execution time for sampling
indicators for one object

M Traditional approach W Universal approach

Fig. 4. Comparison of database models by query speed

Also, the proposed approach to DB design made it pos-
sible to speed up data loading and processing. For example,
for the minimum speed of sampling the characteristics of
one research object, it is 3.87 times more in a DB with
a universal approach. This difference is clearly presented
in the diagram in Fig. 4.

The obtained results make it possible to evaluate dif-
ferent approaches to the design of databases for integrated
monitoring systems. Research results can help determine the
most suitable structure of databases for the formation of
a data bank at the level of the enterprise, region and country.
The main limitations of the study are the closure of access
to the data of some enterprises and departments due to the
introduction of martial law in the country. Given this, research
was conducted on environmental monitoring data that are
open. Therefore, it is possible to believe that conducting the
research in the conditions of war did not affect the obtained
results. Further research into database design approaches could
focus on speeding up data loading and processing, which
is critical when developing web-based monitoring systems.

4. Conclusions

The work analyzed the traditional and unified approaches
to the design of the database structure according to the
following criteria: scalability, ease of updating data, ab-
sence of empty fields, volume of the database, number of
tables and fields, ease and speed of execution of requests
for sampling a set of indicators of the research object.

Research has shown that the traditional approach produces
a database structure that is easy to understand by containing
specific attribute names. This database structure is conve-
nient for displaying and updating data, as it is done within
one table and does not require complex data preprocessing

mechanisms. But at the same time, it is rather cumbersome
and slow to work, due to the presence of empty fields and
a large number of attributes. Changing the set of entities
and attributes requires reorganization of the structure, which
in turn leads to changes in the program code. Due to the
focus on a specific subject area, the traditional approach is
suitable for systems that have a narrow focus.

A universal approach to database structure design ge-
nerates a fixed set of tables that cover a wide range of tasks
within the subject area. In such databases, displaying and
updating data requires specialized algorithms. For example,
displaying information about one object may require sampling
from several tables, and updating may require executing
a set of update commands. Such a database contains almost
no empty fields and stores only the available information,
so it is smaller in volume than a similar database obtained
by the traditional approach. This affects the speed of data
loading and execution of information sampling requests.
Changing the set of entities and attributes usually does not
affect the operation of software systems that use a universal
structure database. That is why this approach is suitable
for complex software complexes that do not have a narrow
focus within the subject area.

The described structure of the database is success-
fully used in the system of complex eco-energy-economic
monitoring.

The proposed structure of the database can serve as
an effective basis for the formation of an electronic data
bank at the level of the enterprise, region and country.
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