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INTEGRATION OF GEOSPATIA L DATA BASED
ON THE APPLICATION OF THE JOIN OPERATION OF RELATIVE ALGEBRA

The purpose of this work is to study the integration of sets of core reference and thematic geospatial data based
on the JOIN operation of relational algebra and its interaction with geocoding of geospatial features, which is
implemented in modern geographic information systems (GIS) and database management systems (hereinafter —
DBMS) for the development of the national spatial data infrastructure (hereinafter — NSDI). Method. The research is
based on the analysis of the possibilities of applying the theory of geospatial databases and knowledge bases,
international and national harmonized standards in the field of Geographic Information/ Geomatics to solve the
problem of integration of geospatial data using the operation JOIN relational algebra in object-relational database
management systems (OR DBMS). Results. The paper examines the models of the Join operation of relational
algebra, which underlie the geocoding of features and the creation of electronic gazetteers, and proves its effectiveness: the
Join operation integrates of core reference and thematic geospatial datasets. There is a need to define the required
geographic identifiers, which must be present among the attributes of the core reference and thematic geospatial
datasets to perform the join. The variety of uses of the Join operation covers all possible cases that arise in their
practical application. Thus, the use of the Join operation involves identifying these required geographic identifiers at
the geospatial database design stage. In particular, it is expedient to determine mandatory geographical identifiers
(codes) of features according to the official national systems of features classification (codification) in the relevant
sectoral thematic registers, which are responsible for certain holders of thematic data in accordance with Annex 2 of
the Decree of Cabinet of Ministers “The order for the functioning of the national spatial data infrastructure” of May
26, 2021, No. 532. Scientific novelty and practical significance. The integration of core reference data and thematic
geospatial datasets based on JOIN operation models of relational algebra and their interaction with geocoding of
geospatial features is researched, which is implemented in modern GIS and DBMS for the development of national
spatial data infrastructure. The research was performed on a set of core reference spatial data, namely: information on
administrative-territorial units of the Cherkasy region, including their borders; the data from the statistical bulletin of
the socio-economic situation of the Cherkasy region for January 2021 of the Main Department of Statistics in
Cherkasy region of the State Statistics Service of Ukraine were selected as thematic data. It has been shown that
relational algebra join (JOIN) operations can be used to integrate other thematic geospatial data with core reference
data using geographic identifiers that contain these datasets.

Key words: geospatial data integration, interoperability, JOIN operation, national spatial data infrastructure, core
reference data, thematic geospatial data.

Introduction the Procedure for the Functioning of the National

Spatial Data Infrastructure” No. 532 was adopted

The Law of Ukraine “On the National Spatial oy May 26, 2021. Core reference data are the core
Data Infrastructure of Ukraine”, No. 554 was adopted  of the NSDI because they “ensure the production
on April 13, 2020, which was contributed to the  and yse of thematic geospatial data, constitute a
development National Spatial Data Infrastructure ypified single topographic basis for interoperability
(hereinafter — NSDI) in Ukraine as an interconnected  of geospatial data, their integration and interagency
set of organizational structure, hardware and software,  jnformation interaction. The basis for creation sets
core reference and thematic geospatial datasets, of core reference data is databases of topographic
metadata, services, technical regulations, standards,  gata and information of the State Land Cadastre,
technical specifications required for production,  giate Register of Geographical Names, State Address
updating, processing, storage, publication, use of  Register, Urban Cadastre and Cadastres of Natural
geospatial data and metadata, other activities with Resources, as well as other geographic information
such data [Law of Ukraine, 2020]. The Decree of  regources” [Decree, 2021]. Usually, the attributive
the Cabinet of Ministers of Ukraine “On Approving  characteristics of topographic features that belong
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to the core reference data are collected as a result of
topographic surveys [Karpinskyi & Lazorenko—Hevel,
2018; Karpinskyi & Lazorenko—Hevel, 2020], so they
usually do not contain complete thematic information
about these features. Thematic geospatial datasets
are formed by executive authorities and local
governments and other data holders responsible for
these datasets in accordance with Annex 2 of the
Decree of the Cabinet of Ministers of Ukraine “On
Approving the Procedure for the Functioning of the
National Spatial Data Infrastructure” No. 532
[Decree, 2021].

The Ministry of Agrarian Policy and Food of
Ukraine approved the Order “On approval of
technical requirements for geospatial data, metadata
and geoinformation services of the National Spatial
Data Infrastructure” No. 347 of 10.11.2021, which
states that the unification and integration of core
reference and thematic geospatial data provide
work NSDI [Order, 2021].

One way to integrate data is to join different
geospatial databases with data that do not contain a
geospatial component, using a system identifier to
compile them from different sources in the NSDIL
There are 2 ways to integrate data: direct geocoding,
which is carried out as a result of topographic and
geodetic works, and indirect (not direct), in which
geographical identifiers play a key role. It is possible
to connect geospatial coordinate descriptions of
features with an array of attribute data that do not
have a direct positioning using such geographical
identifiers [Geographic information... DSTU ISO
19112: 2017, 2017; Karpinsky & Lazorenko—Hevel,
2020; Karpinskyi et al., 2020; Karpinskyi &
Lazorenko—Hevel, 2020; Lazorenko—Hevel, 2021].

Geocoding is one of the most common
geospatial tools and services in all popular
geographic information systems (hereinafter —
GIS) and database management systems (hereinafter —
DBMS) which determines geospatial information
(for example coordinates x, y) for location escriptions
by comparing the elements of the location description
with those in the reference data registers: addresses,
geographical names, etc.

In other words, geocoding is the matching of
the registers to the features on the map, for which
there is a need to have a database of the feature's
locations, so-called gazetteers — a directory of
geographical identifiers describing location instances.
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These directories contain additional information
regarding the position of each location instance and
may include a coordinate reference, but may be
purely descriptive. If the gazetteer contains a
coordinate reference, it provides a transformation
from a spatial reference system using geographical
identifiers to another coordinate reference system.
If it contains a descriptive reference, it will be a
spatial reference using another spatial reference
system with geographic identifiers, such as the zip
code of the property. There can be more than one
gazetteer for any type of location. Descriptive
reference can be defined in the spatial reference for
the geographic identifier in the gazetteer [The
National Standard of Ukraine DSTU 8774:2018,
2018; Lazorenko-Hevel, 2021].

Nowadays there are many desktop and web
geocoding tools in GIS. For example, the open-source
Quantum GIS (QGIS) geographic information system
uses a special MMQGIS Plugin for geocoding,
which is a set of Python plugins for manipulating
vector map layers in QGIS: input/ output/join in
*.CSV format, geocoding with street layer, which
allows to create address registers from data sources
in CSV format, geocoding in CSV format with a
web service that allows to geocode address tables
through geocoding services, geometry transformation,
and more. There are such services:

1) Nominatim is a worldwide open source
geocoding service based on data OpenStreetMap;

2) The Geocoding service OSMNames is
derived from OSM data, the entire database is
downloadable and there is (at least some) the ability
to query through their API;

3) Google world geocoding service or Google
gazetteer is Google's worldwide geocoding service,
which requires a prior geocoding API key and has a
daily limit (currently 2.500 addresses);

4) Companies Mapbox and HERE have their
own geocoding services. Geopy is a geocoding client
for several popular geocoding web services, including
Nominatim and Google;

5) ESRI World Geocoding Service is a world-
wide geocoding service from ESRI company. The
Python programming language — ArcPy, has access to
geocoding tools in ArcGIS [How to Geocode, 2022].

In commercial ArcGIS uses several geocoding
tools, 3 of them are basic: Add X, Y Coordinate
Data as a Map Layer, Create an Address Locator,
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Create an Address Locator, and the ArcGIS World
Geocoding Service, which allows to find addresses
or locations around the world, geocode address
tables or perform reverse geocoding, etc., using the
ArcGIS Rest API. Companies create their own
address registers to work with confidential data.

QQGIS also can use the Pelias Geocoding plugin,
which allows to perform geocoding using the open-
source world geocoder remote service Pelias, which
is available on openrouteservice and geocode.earth
[Geocoding, 2022].

Analysis of recent research

The issues of integration of geospatial data and
its development trends were investigated in such
scientific works [Gao et al., 2005; Silberschatz et al.,
2011; Franci et al., 2014; Bhattacharya & Painho,
2017; Mardani et al., 2019; Sun et al., 2019].

The peculiarities of integration geospatial data
for the development of NSDI, urban cadastre, and
other sectors of the economy were considered in
such articles [Hansen, 1999; Maksymova, 2016;
Pilicheva et al., 2018; Lemenkova, 2020; Lyashchenko
& Cherin, 2019, Lyashchenko et al., 2020;
Lyashchenko et al., 2021; Stankevich et al., 2021;
Shypulin, 2021].

The substantiation and application of the Join
operation models of relational algebra are described
in scientific works [Codd, 1990; Rayordan, 2001;
Connolly & Begg, 2003; Gao et al., 2005; Silberschatz
et al., 2011; Glushko, 2013; Bui & Glushko, 2015].
It is well known that relational algebra and the
model proposed by E. Codd in the 70s of the XX
century and is the basis of many modern DBMS
and query languages, in particular SQL (Structured
query language), which support the relational model.
E. Codd offered 9 relational algebra operations:
traditional operations on sets such as union,
intersection, difference, and special operations on
tables: projection, Cartesian product, #-join and
equijoin, division, selection) [Codd, 1990]. The
issue of integration of geospatial data is solved in
the international and harmonized national standard
DSTU ISO 19112: 2017 (ISO 19112: 2003, IDT)
Geographic information. Spatial reference by
geographic identifiers [Geographic information...
DSTU ISO 19112:2017, 2017].

The article [Lazorenko-Hevel, 2021] examines
the subject, idea, role, and meaning of geographic
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identifiers to ensure the integration of geospatial
data in seamless topographic databases and national
spatial data infrastructure in accordance with the
national standard DSTU ISO 19112:2017 (ISO
19112: 2003, IDT) Geographic information. Spatial
referencing by geographic identifiers. The purpose
of the national standard DSTU ISO 19112:2017
(ISO 19112:2003, IDT) is the methods to define
and describe conceptual-level spatial reference
systems using geographic identifiers. The location
of the feature is identified by spatial reference.
When a geographic identifier is used for spatial
reference, it provides a unique identification of the
location of the feature. This location is a place or
position uses to reference other features [Lyashchenko
et al., 2020; Lazorenko-Hevel, 2021].

However, the issue of integration of geospatial
data using the JOIN operation in object-relational
database management systems (OR DBMS) is not
sufficiently considered in the scientific literature.

Aim
The article aims to research the integration of
core reference and thematic geospatial datasets
based on the JOIN operation of relational algebra
and its interaction with geocoding of geospatial

features, which is implemented in modern GIS and
DBMS to develop national spatial data infrastructure.

Methodology

The research is based on the analysis of the
possibilities of applying the theory of geospatial
databases and knowledge bases, and international
and national harmonized standards in the field of
Geographic Information/Geomatics to solve the
issue of integration of geospatial data using the
JOIN operation of relational algebra in OR DBMS.

Results

The JOIN operation of relational algebra.
The JOIN operation in SQL notation is the operation
of joining attributes from one or more tables into a
new table using Cartesian product and selection.
In relational algebra, the join of two relations
under a specific condition is called a relation
(ATIMES B) WHERE C, where 4 and B — any
relation; C — logical expression, which may include
attributes of relations A and B and/or scalar
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expressions (Fig. 1). The join operation is the result of
the consistent application of Cartesian product and
selection. If there are attributes with the same names
in relations A and B, such attributes are renamed
before the join is made. [Connolly & Begg, 2003].
The join operation in SQL notation based on
relational algebra is divided into the following types:
Inner Join, Outer Join, Cross Join, Self-Join, and
Spatial Join. The Inner Join is divided into 6-Join,
Equi-Join, Semi-Join, and Natural Join. The Outer
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Join is divided into Left Join, Right Join, and Full
Join. A special case of the Equi-Join is Natural Join
and a special case of the Semi-Join is Anti-Join.

The classification of join operation types is in the
UML diagram, inheritance connection is established
between operation classes (Fig. 2). The DBMS and
GIS have additional features and functions for
processing geospatial data: spatial data types, spatial
operators, spatial application procedures, and spatial
indexing.
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Fig. 1. The integration of core reference (relation A — yellow) and thematic (relation B — blue)
geospatial datasets in the geospatial database
[Karpinskyi & Lazorenko-Hevel, 2020]
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Fig. 2. UML diagram classification of Join operation
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These possibilities allow to use of the spatial
join operation, taking into account the geometry of
the features along with their identifiers.

This paper investigates the possibility of using
the JOIN operation of relational algebra to integrate
core reference and thematic geospatial datasets in
ORDBMS PostgreSQL. The information about
administrative-territorial units of the Cherkasy region,
including their borders dated 2019 is accepted as the
core reference geospatial dataset (relation A)
[Geoportal... http://atu.gki.com.ua/], which contains
the following attributes: COATUU, geom, name ua,
and others. The fragment of A relation is in Table 1,
where: COATUU is the Classifier of administrative-
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territorial units of Ukraine; geometry is an attribute
that contains the coordinates of features in WKT
format (Well-Known Text); name_ua is an attribute
which means the Ukrainian name of the feature of
administrative-territorial units. It should be noted
that there are also newly formed districts in relation
A, which are assigned not COATUU, and KATOTTC
in accordance with the Resolution of the Verkhovna
Rada of Ukraine “On the formation and liquidation
of districts” from 17.07.2020 No. 807-IX. So, the
COATUU attribute has NULL pseudo-values in the
tuples of newly formed districts. The number of
tuples in relation A is 30 records.

Table 1
Fragment of A relation. The data on the districts of the Cherkasy region
COATUU geom name ua
7121500000 MULTIPOLYGON(((6392148.42197378 5478804.02538396...))) Zolotoniskyi
7121200000 MULTIPOLYGON(((6380005.8326648 5402075.15493481...))) Zvenyhorodskyi
7120600000 MULTIPOLYGON(((63356005.8326648 5412565.15493481...))) Drabivskyi
7120900000 MULTIPOLYGON(((63569775.8326648 5434895.15493481...))) Zhashkivskyi
NULL MULTIPOLYGON(((6386787.50122662 5493188.28142229...))) Cherkaskyi
NULL MULTIPOLYGON(((6450505.70254616 5545812.54783928...))) Umanskyi

The thematic data (relation B) are based on
data from the statistical bulletin of the socio-
economic situation of the Cherkasy region dated
on January 2021 of the Main Department of
Statistics in the Cherkasy region of the State
Statistics Service of Ukraine, namely indicators of
the demographic situation. A fragment of the
relation B is in table 2 [Statistical bulletin, 2021].
The State Statistics Service of Ukraine still uses
the Classifier of Objects of Administrative and
Territorial Units of Ukraine (COATUU) to collect
and store statistical data and gradually moves to
the Codifier of Administrative-Territorial Units and
Territories of Territorial Communities (CATUTTC) in
connection with the Verkhovna Rada Resolution
from 17.07.2020 No. 807-IX “On formation and
liquidation of districts”, therefore COATUU lost

its relevance. The Ministry of Community and
Territorial Development has developed and approved
the Codifier of administrative-territorial units and
territories of territorial communities (the Order of
26.11.2020 No. 290 as amended by the order of
12.01.2021 No. 3), which corresponds with current
legislation and is implemented to replace COATUU
[Classifier, 2022].

The number of tuples in relation B is 26
records.

The COATUU and KATOTTC are indirect or
geographical identifiers that are available in
relations A and B and the article investigated
them for the join of the geospatial component of
the core reference data with the attribute of
thematic geospatial data that do not contain
coordinates.
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If there is a need to perform a join on the same
COATUU tuple and its attributes have the same
values, then the operations of natural and external
join are used.

The Natural Join. There are the relations
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the same domains. Then the natural join of relations
A and B is called the relation with the title
(41,42 ....,An, X1, X9y, Xp, By, By, ., Byy)  and  the
body is containing

many tuples

(ay,az, ..., @y, X1, Xz, e, Xp, by, by, ..., byy), such  that

A(A1, A i Ap X1, Xoy o, Xp) and
B(Xy,X3, ..., Xy, B1, By, ..., By), which have attributes (a1,0z, ) Qpy X1, X2, o0, Xp) €A and
X, X, ..., X, with the same names and defined on (%, %z, ..., X, b1, by, ..., byy,) € B.
Table 2
Fragment of B relation. The data on the socio-economic situation
of Cherkasy region is dated on January 2021
COATUU name ua ex1st1ng permanént nurr'lber of | number of number of
- population population births deaths arrivals
7121500000 Zolotoniskyi 39031 39339 218 824 441
7121200000 Zvenyhorodskyi 41845 41887 282 804 503
7120600000 Drabivskyi 32602 32806 154 717 269
7120900000 Zhashkivskyi 34831 34726 235 756 430

For a Natural Join use the syntax: 4 JOIN B.
A Natural Join has the property of associativity:
(A JOIN B) JOIN C = AJOIN (B JOIN C), so such
joins are written by lowering the brackets: A JOIN
B JOIN C [Connolly & Begg, 2003]. The selection
was performed for all attributes of the geospatial
database table to display the result of the natural join:

SELECT COATUU, geom, name_ua, existing
population, permanent population, number of births,
number of deaths, number of arrivals

FROM public.cherkasy

NATURAL JOIN public.stat

The natural join returned records for which the
join condition was similar (Table 3).

Performing a join operation allows to build a
variety of thematic maps based on the various
attributes attached. For example, Fig. 3 shows the
thematic map of Cherkasy region districts by the
attribute number of live births.

The Outer Join returns all records returned by
the inner join and all records involved in the join
from one or two datasets. The missing values for
which there is no match will be replaced by Null
values.

The Outer Join can be divided into several
groups depending on which additional records are
included in them: left, right, and full. A left outer
join returns all values from the left table and adds
attribute values from the right table or NULL if
there is no match predicate match, and the right
outer join returns all values from the right table. A
full outer join combines the results of the left and
right outer joins. The resulting table contains all
records from both tables, indicating NULL values
with no matches from each table [Connolly & Begg,
2003]. Tables 4 to 6 below show the results of queries
using LEFT OUTER JOIN, RIGHT OUTER JOIN,
and FULL OUTER JOIN operations.

It is important to note that these results have an
identical cartographic image (Fig. 3), but the order
of the joined attributes is different from the joining
tables. For example, the left and full joins take into
account the values of the first table public.cherkasy.
The results of these queries contain NULL values
because the attributes of the COATUU formed for the
4 new districts are not specified, so the join is failed.

SELECT COATUU, geom, name ua, existing
population, permanent population, number of births,
number of deaths, number of arrivals
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Number of births
[179-164
[ 164 - 235
[ 235 - 367 Zolotoniskyi
I 367 - 551 Zolbtoniska
B 551 - 1693 =
Korsun-Shevchenkivskyi
: Smilianskyi
Monastyryehchenskyl Zvenyhorodskyi e .
r -
Shpolianskyi
Fig. 3. The resulting thematic map: left, right, and full external join
Table 3
The result of Natural Join
= 28| §8 |8 ,|%,] %
£ 5 = = s
z geom name_ua A7 % § % 2 § 2 ‘5 2 2
S 55| 55 |E°| 8| ES
© 2 aa | g g g
7120600000 MULTIPOLYGON Drabivskyi 32602 | 32806 154 717 269
(((6392148.42197378
5478804.02538396...)))
7120900000 MULTIPOLYGON Zhashkivskyi 34831 34726 235 756 430
(((6380005.8326648
5402075.15493481...)))
7121200000 MULTIPOLYGON Zvenyhorodskyi 41845 41887 282 804 503
(((63356005.8326648
5412565.15493481...)))
7121500000 MULTIPOLYGON Zolotoniskyi 39031 39339 218 824 441
(((63569775.8326648
5434895.15493481...)))
FROM public.cherkasy SELECT COATUU, geom, name ua, existing
LEFT OUTER JOIN public.stat population, permanent population, number of

ON cherkasy. COATUU = stat. COATUU;

births, number of deaths, number of arrivals
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FROM public.cherkasy

RIGHT OUTER JOIN public.stat

ON cherkasy. COATUU = stat. COATUU

SELECT COATUU, geom, name_ua, existing
population, permanent population, number of births,
number of deaths, number of arrivals

FROM public.cherkasy

FULL OUTER JOIN public.stat

ON cherkasy. COATUU = stat. COATUU

The query for a 6-Join operation must contain a
condition. For example, the value of the attribute
“permanent population” of the relation B must be
greater than or equal to the value of the attribute
“population” of the relation A:

SELECT COATUU, geom, name ua, existing
population, permanent population, number of births,
number of deaths, number of arrivals
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WHERE stat.permanent population >= population

The result of the 0-Join in the form of a the-
matic map of the districts of the Cherkasy region by
the attribute of the available population is in Fig. 4.

Equi-Join. A special case of the 8-Join, when 0
is just equality. Equi-join syntax is A[X =Y]B
[Connolly & Begg, 2003].

The query using the equi-join operation must
contain a condition. For example, the value of an
attribute “permanent population” of the relation
B must be equal to the value of the attribute
“population” of the relation A:

SELECT COATUU, geom, name_ua, existing
population, permanent population, number of births,
number of deaths, number of arrivals

FROM public.cherkasy

FROM pubhccherkasy INNER JOIN publlCStat
INNER JOIN public.stat ON cherkasy. COATUU = stat. COATUU
ON cherkasy. COATUU = stat. COATUU WHERE stat.permanent population = population
Table 4
The result of the left external join
stin Fmanent number | number | number
COATUU geom name ua (e)xuslatiin pz uf; tieon of of of
pop pop births deaths | arrivals
MULTIPOLYGON
7121500000 | (((6392148.42197378 Zolotoniskyi 39031 39339 218 824 441
5478804.02538396...)))
MULTIPOLYGON
7121200000 (((6380005.8326648 | Zvenyhorodskyi 41845 41887 282 804 503
5402075.15493481...)))
MULTIPOLYGON
7120600000 | (((63356005.8326648 Drabivskyi 32602 32806 154 717 269
5412565.15493481...)))
MULTIPOLYGON
7120900000 | (((63569775.8326648 Zhashkivskyi 34831 34726 235 756 430
5434895.15493481...)))
MULTIPOLYGON
NULL (((6386787.50122662 Cherkaskyi NULL NULL NULL | NULL | NULL
5493188.28142229...)))
MULTIPOLYGON
NULL (((6450505.70254616 Umanskyi NULL NULL NULL | NULL | NULL
5545812.54783928...)))
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Table 5
The result of the right external join
i ‘ number | number | number
COATUU geom name ua zXISlggin P zﬂn; r;ie;n of of of
popy popy births deaths | arrivals
MULTIPOLYGON
7121500000 | (((6392148.42197378 Zolotoniskyi 39031 39339 218 824 441
5478804.02538396...)))
MULTIPOLYGON
7121200000 (((6380005.8326648 Zvenyhorodskyi 41845 41887 282 804 503
5402075.15493481...)))
MULTIPOLYGON
7120600000 | (((63356005.8326648 Drabivskyi 32602 32806 154 717 269
5412565.15493481...)))
MULTIPOLYGON
7120900000 | (((63569775.8326648 Zhashkivskyi 34831 34726 235 756 430
5434895.15493481...)))

The result of the equi-join in the form of a
thematic map of the districts of the Cherkasy region
by the attribute of the permanent population is in
Fig. 5. The equi-join has a disadvantage: if it occurs
on attributes with the same name, then the resulting
relation appears in two attributes with the same
values. To get rid of this disadvantage by taking a
projection on all attributes except one of the
duplicates or using the operation of natural join.

Semi-Join. The semi-join operation defines a
relation that contains those tuples of relation A that
are part of the join of relations A and B. The advantage
of a semi-join is that it reduces the number of tuples
that need to be processed to obtain a join. [Connolly
& Begg, 2003].

The query using a semi-join operation must
contain a condition. For example, the value of the
“permanent population” attribute of relation B must
be equal to the value of the “population” attribute
of relation A and the “number of arrivals™ attribute
of relation B must be greater than 350:

SELECT COATUU, geom, name_ua, existing
population, permanent population, number of
births, number of deaths, number of arrivals

FROM public.cherkasy

INNER JOIN public.stat

ON cherkasy. COATUU= stat. COATUU

WHERE stat.permanent population = population

and number of arrivals > 350

Table 6
The result of the full join
wE | EE|[C,| %, | %
COATUU COATUU geom name_ua 3 :2 g :g 2 | 8% 25
¥ & E B E 8 g8 g g
) g o 3 3 5
& | &a& | = g g
1 2 3 4 5 6 7 8 9
MULTIPOLY
GON
7121500000 | 7121500000 (((63997231;‘88‘421 Zolotoniskyi | 0031 | 39339 | 218 | 824 | 44l
5478804.02538
396...)))
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Cont. table 6
1 2 3 6 7 8 9
MULTIPOLY
GON
7121200000 | 7121200000 | (63800058321 Zvenyhoro- | p 0o | 41ge7 | 280 | so4 | 503
6648 dskyi
5402075.15493
481...)))
MULTIPOLY
GON
7120600000 | 7120600000 (((63236566235'83 Drabivskyi | 32602 | 32806 | 154 | 717 269
5412565.15493
481..)))
MULTIPOLY
GON
7120900000 | 7120900000 (((632566691;5'83 Zhashkivskyi | 34831 | 34726 | 235 | 756 | 3
5434895.15493
481..))
MULTIPOLY
GON
NULL NULL (((6352667327 0L Cherkaskyi | NULL | NULL | NULL | nuLL | NULL
5493188.28142
229..)))
MULTIPOLY
GON
NULL NULL (((6455265?65 702\ Umanskyi | NULL | NULL | NULL | NuLL | NULL
5545812.54783
928...)))
Table 7
The result of the 0-Join
existin ermanent number | number | number
COATUU geom name ua o ulatiin P opulation of of of
pop pop births deaths | arrivals
MULTIPOLYGON
7121500000 | (((639214842197378 | Zolotoniskyi 39031 39339 218 824 441
5478804.02538396...)))
MULTIPOLYGON
7121200000 |  (((6380005.8326648 | Zvenyhorodskyi | 41845 41887 282 804 503
5402075.15493481...)))
MULTIPOLYGON
7120600000 | (((63356005.8326648 |  Drabivskyi 32602 32806 154 717 269
5412565.15493481...)))
MULTIPOLYGON
7120900000 | (((63569775.8326648 | Zhashkivskyi | 34831 34726 235 756 430
5434895.15493481...)))
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The result of the Equi-Join
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Table 8

5434895.15493481...)))

< o E o » @ B2
g o0 .S 5 .S 5 5 & 5 S
COATUU geometry g' £ E g 5 £ j‘% 23 £ %
=] 5 § g § g s g ‘s g o
MULTIPOLYGON |
7121500000 | ((6392148.42197378 | “COUT | 39031 | 39339 218 824 441
5478804.02538396...))) S
MULTIPOLYGON | Zveny-
7121200000 |  (((6380005.8326648 horo- | 41845 | 41887 282 804 503
5402075.15493481...))) | dskyi
MULTIPOLYGON | =
7120600000 | (((63356005.8326648 i 1 32602 | 32806 154 717 269
5412565.15493481...)))
MULTIPOLYGON | .
7120900000 | ((63569775:8326648 | | AT | 34831 | 34726 235 756 430

Existing population
[[]28494 - 16789
[] 16789 - 28494
[T 28494 - 41747
Bl 41747 - 82378
Il 82378 - 274599

Fig. 4. The resulting thematic map by 0-Join
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Permanent population
[]16649 - 23673
(123673 - 34726
[[7] 34726 - 41887
I 41887 - 81548
Il 81548 - 272132

Zolotonisky
Zolotoniska
)

Chornobaivskyi

Korsun-Shevchenkivskyi Cherkaska

HorodyShchenskyl,  syjiignska
Al

q Smilianskyi
Monastyryshchenskyl Zvenyhorodskyi

Kam'ianskyi
Shpolianskyi
Katerynopilskyi v

Khrystynivskyi

Umanskyi

Fig. 5. The resulting thematic map by Equi-Join

Table 9
The result of the Semi-Join
< [=} e E » »n %)
: 28 | B8 |52 5& 5%
COATUU | COATUU geometry o) 5| 5SS |EE g 5| 2¢E
g SE| EE|Z2| 22| 25
= Sg| ag|E%| Es | Eg
MULTI
POLYGON L
7121500000 | 7121500000 (6392148 42197378 Zoloto-niskyi | 39031 | 39339 | 218 824 441
5478804.02538396...)))
MULTI
POLYGON Zveny-
7121200000 | 7121200000 (((6380005.8326648 horodskyi 41845 | 41887 | 282 804 503
5402075.15493481...)))
MULTI
POLYGON Zhash-
7120900000 | 7120900000 (((63569775.8326648 Kivskyi 34831 | 34726 | 235 756 430
5434895.15493481...)))
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It was found as a result of performing different
types of connections of relations A and B that each
feature that connects must have a unique identifier
for their successful implementation. Besides each
type of join has its own peculiarities: the usage of
conditions, the order of join, and, accordingly, the
results of queries.

Scientific novelty and practical significance

The integration of core reference data and thematic
geospatial datasets based on JOIN operation models
of relational algebra and their interaction with
geocoding of geospatial features is researched,
which is implemented in modern GIS and DBMS
for the development of national spatial data
infrastructure. The research was performed on a set
of core reference spatial data, namely: information
on administrative-territorial units of the Cherkasy
region, including their borders; the data from the
statistical bulletin of the socio-economic situation
of the Cherkasy region for January 2021 of the
Main Department of Statistics in Cherkasy region
of the State Statistics Service of Ukraine were
selected as thematic data. It has been shown that
relational algebra join (JOIN) operations can be
used to integrate other thematic geospatial data with
core reference data using geographic identifiers that
contain these datasets.

Conclusions

The adoption of the Law of Ukraine “On the
National Spatial Data Infrastructure of Ukrainey,
No. 554 on April 13, 2020, the Decree of the Cabinet
of Ministers of Ukraine “On Approving the Procedure
for the Functioning of the National Spatial Data
Infrastructure” No. 532 was adopted on May 26,
2021, the Ministry of Agrarian Policy and Food of
Ukraine approved the Order “On approval of
technical requirements for geospatial data, metadata
and geoinformation services of the National Spatial
Data Infrastructure” No. 347 of 10.11.2021 promoted
to the development of the National Spatial Data
Infrastructure in Ukraine.

The unification and integration of core reference
and thematic geospatial data ensure the work of the
NSDI. One way to integrate data is to join different
geospatial databases with data that do not contain a
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geospatial component, using a system identifier to
compile them from different sources in the NSDIL.

Geocoding occupies an important place as a
spatial reference of features based on geographical
identifiers among all methods of data integration.
The main requirements which are in the international
and harmonized national standard DSTU ISO
19112:2017 (ISO 19112:2003, IDT) Geographic
information — Spatial referencing by geographic
identifiers.

The paper examines the models of the Join
operation of relational algebra, which underlie the
geocoding of features and the creation of electronic
gazetteers, and proves its effectiveness: the Join
operation integrates of core reference and thematic
geospatial datasets. There is a need to define the
required geographic identifiers, which must be
present among the attributes of the core reference
and thematic geospatial datasets to perform the
join. The variety of uses of the Join operation
covers all possible cases that arise in their practical
application. Thus, the use of the Join operation involves
identifying these required geographic identifiers at
the geospatial database design stage.

In particular, it is expedient to determine
mandatory geographical identifiers (codes) of
features according to the official national systems
of features classification (codification)
relevant sectoral thematic registers:

1) the COATUU (now — CATUTTC) for the
features of the administrative and territorial structure
of Ukraine;

2) the identifiers of highways, bridges, crossings,
and features of railway according to the registers
of the Ministry of Infrastructure of Ukraine,
Ukrzaliznytsia, State Agency of Highways of
Ukraine (Ukravtodor), and others.

3) the codes of rivers, reservoirs, and drains —
according to the State Water Cadastre Classifier;

4) the codes of high voltage power grids —
according to the registers of the Ministry of Energy
of Ukraine;

5) the codes for forests and vegetation —
according to the register of the State Forest Cadastre;

6) the identifiers of buildings and structures —
according to the registers of real estate, the registers
of the Bureau of Technical Inventory (BTI), and
the Urban Cadastre of the Ministry for Communities
and Territories Development of Ukraine;

in the
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7) the identifiers of pipelines — according to
the registers of the Ministry of Energy of Ukraine,
National Joint Stock Company “NAFTOGAZ OF
UKRAINE” etc.

The usage of the Join operation will reduce the
cost of supporting the core reference data attributes
of mandatory permanent storage, will ensure the
data integration from different information resources,
and, thus the creation of different thematic geospatial
data based on a set of information available from
different state registers and databases. The integration
of data based on their Join should ensure the integrity,
reliability, informativeness, and thematic diversity
of geospatial data due to their interoperability, and
compatibility with the primary sources of industry
information resources.
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IHTET'PALIIA TEOITPOCTOPOBUX JJAHMX HA OCHOBI
3ACTOCYBAHHS OIEPALIII 3°€ THAHHS (JOIN) PEJIALIHOI AJITEBPU

Merta 1i€i poOOTH — DOCHTIKEHHS iHTerpamii HabopiB 0a30BUX 1 TEMATHUYHUX T'€OIPOCTOPOBUX JaHUX HA OCHOBI
oneparii 3’eqnanusa (JOIN) pensamiiinoi anre6pu Ta ii B3aeMoii 3 T€OKOAYBaHHSM TeOMPOCTOPOBHX 00’ €KTIB, SIKY
peaii3oBaHo B cydacHHX reoinpopmaniiaux cucremax (mami — ['IC) ta cucremax kepyBaHHs 0azaMu gaHUX (mami —
CKB/l) s po3BUTKY HaliOHANBHOI 1HQPACTPYKTypH TreonpoctopoBux nanux (mami — HIT'/T). Metoauka. OcHOBOO
JOCTIJKCHHS € aHaJli3 MOXJIMBOCTEH 3acTOCYBaHHS Teopii 6a3 reonpoCTOPOBHUX JaHHUX 1 0a3 3HaHb, MDKHAPOIHUX 1
HalllOHAJIbHUX TapMOHI30BaHMX CTaHAApTiB y cdepi 'eorpadiuna inpopmanis/I'eomaTrka 1yisi BUPIICHHS MUTAHHS
iHTeTpalii reompoCTOPOBUX NMaHWX 3a JomoMoroto omeparmii 3’exHaHHs JOIN pensmiiHoi anreOpu B 00’€KTHO-
pensmiifanx cuctemax kepyBanHs 0azamu nanux (OP CKB]I). PesynmbraTu. B crarTi mocnmimpkeHo Mojaemni omeparii
3’egHaHHs Join penAuiitHOi anreOpw, SKi JeKaThb B OCHOBI T'€OKOTyBaHHS 00’€KTIB i CTBOPEHHS €NEKTPOHHHX Taze-
THPIB, 1 I0BeIeHO i1 epeKTUBHICTH: onepalis 3’ eqHaHHA Join 3a0e3meuye iHTeTpalito HabopiB 0a30BUX 1 TEMAaTHYHUX
TEOMPOCTOPOBUX MaHUX. J[nsg 11 BUKOHAHHS HEOOXiTHO BH3HAYHTH O0OB’s3KOBI reorpadiuni imeHTH(]iKaTOpH, SIKI
MarTh OyTH HasBHI cepeln aTpuOyTiB HaOoOpiB 0a30BUX Ta TEMAaTHYHHUX TE€OMPOCTOPOBUX NaHUX Ta 3a SKUMHU
BUKOHYETbCSA 3’€HaHHs. Pi3HOMaHITHICTh BHUIIB 3aCTOCYBaHHS omeparii 3’€IHaHHS Join OXOIUIIOE BCI MOMKJIHUBI
BUIIAJKH, SKI BUHUKAIOTH IIPH X MPaKTHYHOMY 3acTOCyBaHHI. TaKMM YMHOM, BUKOPHCTaHHS oreparii 3’€THaHHS
Join mepembayae Ha eTami MPOCKTYyBaHHsA 0a3 TEONPOCTOPOBHMX MaHHUX BH3HAYUTH Ii OOOB’SI3KOBI reorpadiuni
ineHTH(iKaTOpU. 30KpeMa, JOLIBHUM € BU3HAUEHHSI 000B’SI3KOBUX reorpadiuHux iieHTudikaTopiB (KoaiB) 00’ €KTIB
3a o(iMifHUMHA 3arajbHONICPKABHIUMHU CHCTEMaMHU Kiacudikamii (koxudikarii) 00’€KTiB y BIAOBIAHAX Taly3eBUX
TEMATUYHUX PEECTPAxX, 32 sKi BiANOBIJAIOTh BH3HAYCHI JCpiKaTelli TEMATHYHUX ITaHWX BINMOBIMTHO IO JOAATKY 2
IocranoBu Kabinery MinictpiB Ykpainu “Ilpo 3arBepmkennst [lopsaky ¢yHKuioHyBaHHs HallioHajdbHOI iH(Dpa-
CTPYKTYPH T€ONPOCTOPOBUX MaHuX’ Bix 26 TpaBHs 2021 p. Ne 532. locnmimkeHo iHTErparlito HabopiB 0a30BUX 1 TeMa-
TUYHUX TEOMPOCTOPOBUX JaHHUX Ha OCHOBI Mojenel omepaii 3’eaaanHs (JOIN) pensmiiHoi anreOpu Ta iX B3aeMoil
3 T€OKOIYBAaHHSIM T€ONPOCTOPOBHUX 00’ €KTiB, Ky peanizoBaHo B cydacHux ['IC ta CKB/l mist po3BUTKY HaIrlioHaIbHOL
IHQpaCTPYKTypH TeONpOCTOPOBHX AaHUX. JlOCHIIKEeHHS BUKOHAHO Ha Habopi 0a30BHX I€ONPOCTOPOBUX JAHHX, a
caMme: BIIOMOCTEH PO aJMiHICTPaTUBHO-TEPUTOpiaNbHI oAWHUI Yepkackkoi o0nacTi, B TOMy YHCII iX MeEX; 3a
TEMaTHYHI 00paHO [aHi 31 CTATUCTHYHOTO OIONETEHs COIiaJIbHO-€KOHOMIUHOTO cTaHOBHIIAa Yepkachkoi obmacTi 3a
ciuens 2021 poxy ['ooBHOro ympapiiHHS CTaTUCTUKH y Yepkachkiil obiacti JlepikaBHOI cIy>kOM CTAaTUCTUKK YKpaiHu.
JoBeneno, mo omepamniro 3’exHanss (JOIN) pensmiitHOT anreOpu MO)KHa BUKOPHUCTOBYBATH U IHTETpAIlil iHIIHX
TEMaTHYHHUX T'€ONPOCTOPOBHX HAHUX 3 0A30BUMH I'€ONPOCTOPOBUMH JAHUMH 3a JIONIOMOTOI0 reorpadidyHux iIeHTH-
(bikaTopiB, SKi MiCTATH Lii HAOOPHU NAHUX.

Kniouosi crosa: inTerpanis TeonpocTOPOBUX JNaHMX, iHTEporepabenbHicTs, onepanis 3’ exHanns (JOIN), Hamio-
HaJNbHA iHPpaCTPYKTypa reonpocTOPOBUX JaHUX, 0a30Bi TE€OIPOCTOPOBI JaHi, TeMATHYHI T€ONPOCTOPOBI AaHi.
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