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NATIONAL SPATIAL DATA INFRASTRUCTURE (NSDI) OF UKRAINE:
WHAT ARE ITS ACTUAL, FEASIBLE AND SIMULTANEOUSLY
“CORRECT” MODELS?
Resume. The actual, feasible and simultaneously "correct™ models of digital NSDI of
Ukraine are considered in the work. A model of the existed digital NSDI system of
Ukraine is named “actual”. This model already differs from the model defined by the
Law of Ukraine “About NGDI” [1]. As the latter is unlikely to be implemented in the
near future, the issue of the digital feasible NSDI model of Ukraine in the next five
years, which would take into account the actual model, is especially acute. In
addition to feasibility, such a model must also be "correct”, what is proposed in the
article. The “correct” is called a model, the truth of which can be established by
inductive or deductive reasoning. To do this, the correct model must be formalized
enough so that everyone can verify the authors’ reasoning independently.
Understanding both actual and correct models of NSDI of Ukraine will help to
properly organize and develop actual Spatial Infrastructure Activities (SplA) in
Ukraine, including the real® implementation of the Law [1]. Although the results of
the article call into question its feasibility and substantiate an alternative viewpoint
on the automation problem of NGDI/NSDI/SplA. However, we are convinced that it

is still possible to change the alternative viewpoint to a cooperative one, if by means

! Real. 1. Which exists in reality, true. Is used with: reality, life, existence, conditions, circumstances, fact, danger, force,
wages, income. 2. One that can be implemented, executed: a real plan, a real program, a real task, a real deadline. 3. Which is based
on taking into account and assessing the real conditions of reality: a real approach, a real view, a real policy.- accessed 2021-feb-14,
http://slovopedia.org.ua/32/53408/32016.html (Ukrainian).
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of by-laws the models of NGDI (Law), NSDI (article) and, finally, SplA are agreed
upon.

To prove the "correctness™ of the feasible NSDI model, the theory of Relational
cartography and its two main methods are used: Conceptual Frameworks and
Solution Frameworks. In addition, the correspondence between Relational
cartography and Model-Based Engineering is used.

Key words: NSDI; product model; process model; actual, feasible and *‘correct™

model

Introduction. Purpose

The term "National Spatial Data Infrastructure” (NSDI) is understood more broadly
than "National Geospatial Data Infrastructure™ (NGDI), at least because the meaning
of the term "spatial" includes the meaning of the term "geospatial". Ukraine’s NSDI
is inextricably linked to Spatial Infrastructure Activities (SplA) in Ukraine. In fact,
research on SplA related with NSDI is more important than vice versa. Of practical
interest are only NSDI and SplA or their important parts, between which the dualism
relations is true. An example of such a dualism can be formulated as follows: it is
impossible to operate with NSDI without SplA, and modern SplA is impossible
without digital NSDI. This dualism is a kind of "process<product” dualism, where
the process is SplA and the product is NSDI.

SplA is an objective reality, the part of which, suitable for automation and
related to digital NSDI, we can and should perceive through its models: actual,
feasible and "correct”. The actual model is called the real model at the moment.
Apparently, we can talk about 2020-2022, although the current NSDI of Ukraine
changes frequently. Implemented in 2022-2026 and at the same time "correct” model
should take into account the actual model and be constructive, suitable for
implementation in the form of a system in the specified period. A model is called
correct, the truth of which can be rigorously substantiated. As a rule, the required
rigor is possible in the presence of appropriate, preferably mathematical, formalism.

It is understood that the feasible model may be "wrong", which is most often



manifested in the inoperability of the automated system, which corresponds to this
model. In the presence of dualism, the actual and correct models of SplA correspond
to the actual and correct models of NSDI.

It is easy to see that the SplA is the "primary"” and the NSDI domain is the
"secondary™ objective realities. SplA is the primary reality, as it existed in non-
automated form in Ukraine long before the digital era of SpIA/NSDI in the early
1990s, when the terms “digital” NSDI or NGDI began to be used. Automation of
SplA is the most correct beginning of SplA—NSDI dualism realization from the
viewpoint of computer science. Because in classic methodologies it is recommended
to begin the creation of information system on studying of business activity in subject
domain, first of all there is SplA. It is quite obvious that due to the dualism of
SplA—NSDI, the automation of SplA will lead to the creation of a corresponding
digital NSDI.

The automation of the SpIA«<>NSDI dualism can also begin with the creation
of a digital NGDI "almost from zero", if, for example, we agree that there is no
domain and the digital NGDI itself in Ukraine. In this case, you will have to automate
a non-existent reality and create it at the same time, so the domain of digital NSDI
(NGDI) is called a secondary reality. Historically, the creation and/or development of
the SpIA<—NSDI dualism in the digital era begins/continues with the NSDI in the
presence of a SplA. In this work, we follow this tradition - we consider NSDI
models, although the main interest is the SplA models.

It is difficult to say which of the two approaches to the beginning of the
implementation of dualism SplA—NSDI is more complicated: SplA<~NSDI or
NSDI«SplA. In fact, we need to talk not about the beginning, but about continuing
the implementation, so everything is much more complicated. First, some digital
NSDI of Ukraine already exists. Although this is not the system defined by the Law
[1]. Second, modern models for the development of Spatial Data Infrastructures
(SDI), including NSDI, make it possible to combine both SplA and NSDI models.
The original NSDI models about 30 years ago were the so-called product models.



Over time, they developed first in the process, and then in the SES (Spatial Enabled
Society) model.

In the most general case, SpIA<NSDI models are needed for: 1) research, 2)
design. The most necessary are the models of SplA<~NSDI, which are (theoretical
and practical) constructs, namely: 1) theoretically substantiated and 2) practically
feasible. The purpose of the article is to describe and substantiate the following two
models of NSDI of Ukraine:

e Actual (real) as of 2020-2022.
e Correct and feasible in 2022-2026.

Overview of NSDI models. Problem and solution method

The presence of a large number of (N)SDI models is evidenced by a large number of
definitions of (N)SDI [2], as the definition of the term reflects the author's view of the
definition of the subject. And this representation is definitely not a subject, but, at
best, its model, which is reflected in the knowledge of the definition author.

Perhaps the most correct initial and at the same time the most general idea of
NSDI models can be obtained from the experience of the so-called "Australian
school”. Important here are the models of SDI development, considered in the
dynamics for more than 30 years, and their scale, shown in Fig. 1. Fig. 1 is created by
supplementing the column "3-rd Generation™ (conditional beginning - 2010) to the
figure "Relationship between the first and second generations of SDI development
and product (in origin — product-based) and process (in origin - process-based) SDI
development models” from [3]. We call the 3-rd Generation model by the "SES
model of SDI development"”. The attributes of this model are the six shown in Fig. 1
elements of SES [4].

1-st Generation product models are best known from their definition of NSDI
[5]: “The national SDI consists of four main components: the institutional
framework, technical standards, fundamental data sets, and the network of data
exchange centers. The institutional framework defines policies and administrative

mechanisms for building, maintaining, accessing and applying standards and datasets.



Technical standards define the technical characteristics of fundamental data sets.
Fundamental datasets are produced in an institutional framework and fully comply
with technical standards. The network of data centers is a means by which basic data
sets become available to the public, in accordance with the policy set out in the

institutional framework and in line with technical standards”.
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To confirm the "most famous™ four-component definition (product model) of
NSDI, we recommend a similar definition from [6], which we used at the turn of the
millennium. The initial idea of the product and process models of SDI development is

given by Fig. 2 [7].
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Fig. 1 - a) Product-based model, b) Process-based model [7; Fig. 2]

3rd Generation models are unlikely to be implemented in Ukraine in the next 5
years. Therefore, it is advisable to clarify what the authors meant [7] under the
"process"” model. To do this, first give their Fig. 3, which is based on the process of
Rogers innovative solutions. Rogers' monograph and theory is called "Diffusion of
Innovation". It has survived 5 editions. The last, 5th edition [8], even translated into
Ukrainian [9].
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Fig. 2 - Process-based model for SDI development

Next, we present Fig. 4 [7], which Rajabifard, et al. describe as follows: "The
local and state levels of an SDI hierarchy are similar to the operational tier of an
organizational structure. Both these levels of SDIs are producing data and, are thus,
forming data which contributes to higher levels of an SDI hierarchy. However, state
level SDIs can play more important roles in a federated system of government, where
due to the power and responsibilities of states, state-level SDIs can emulate
management or operational organizational tiers, or both, for the entire state. Both
management and operational tiers take product-based approaches due to their key
roles in data development. Only, the strategic tier and nations with federated systems
are suggested here to adopt the process-based model of SDI development. The main
reason multinational and federated nations can capitalize on using a process-based
model is because of the voluntary nature of SDI participation in these levels of an
SDI hierarchy".
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For Ukraine, such a change of Fig. 4 is suggested: Regional SDI - INSPIRE,
Provincial SDI - Regional SDI, Local SDI - District SDI. However, the notion of a
province in Australia or a state in the United States is fundamentally different from
the notion of an oblast in Ukraine. Therefore, hierarchy levels below the NSDI level
should be treated with caution. The reason for this was explained in the monograph
[10]. It denied the need for the NSDI of Ukraine to have regional and district levels in
the sense of Fig. 4. This objection did not relate to the possibility to have territorial
and/or departmental NSDI nodes if necessary. But the level of INSPIRE was justified
as mandatory for the NSDI of Ukraine.

Although it is now 2021, the views Nedovich-Budich, et al. [11] are still
relevant, which in the section 'Research and Challenges' note four main limitations of
the SDI: 1) northern centrism, 2) the dominance of national level, 3) technical
orientation and inadequacy (poverty) of the theory, as well as, 4) lack of
methodological diversity and rigor.

We are not able to consider in detail the limitations that can be reformulated as
problems of SDI modeling. We also cannot consider all available SDI models in
detail. Instead, we have chosen so-called "formalized” SDI models, which can help
solve the above problems 1-4 (remove restrictions 1-4) at least in part. Unfortunately,
there is not much work on formalized models, so it is enough to dwell on the main

ones.



The first such work is [12]. Fig. 5 presents the philosophy of abstract SDI
design. The authors acknowledge that abstract projects (designs) need to be mapped

to specific platforms (get Platform-dependent models - PDMs), although they have

not done so.
PI M s state-and-function communication introspection
system specification system specification system specification
PDMS state-and-function Communication introspection
systemrealisation system realisation systemrealisation

Fig. 4 - Overview of SDI design philosophy [12; Fig. 1]

de By, et al. [12] use several mathematical formalisms to identify the
components of the project and the relations that exist between them. This is done in
the following sequence:

1. State-and-function system, in which we focus on how to specify an SDI
node as a system that holds information, and provides functions that operate on that
information. We call this the vertical perspective because such systems are realised
often in a software stack.

2. Communication system, in which we focus on how to specify the
communication patterns between SDI nodes, abstractly constructing a larger system,
the SDI. We call this the horizontal perspective to emphasise peer SDI nodes
communicating with each other.

3. Introspective system, in which we focus on augmenting the specified SDI
system with means to query itself for service possibilities and allow the dynamic
creation of new services.

Another formalized approach we met in 2017, when we participated in the pilot
projects "Data Harmonization Pilot in Ukraine" and "National Danube Node
Ukraine" [10]. These pilots have created a fragment of the Danube Reference Data

and Services Infrastructure (DRDSI) INSPIRE for several relevant regions of



Ukraine. The German company WeTransform harmonized the basic data for selected
territories of Ukraine and Moldova.

WeTransform used [13] the so-called “INSPIRE Model-Driven Approach”
(Fig. 6). The description of the approach takes into account that INSPIRE is a
directive on the interoperability and availability of geospatial data related to the
environment. Interoperability means that different systems are compatible and able to
exchange information so that other systems will understand it. There are many
different ways to achieve interoperability of computer systems, one of which is the
Model-Driven Architecture approach (MDA).

MDA defines a set of instructions for structuring specifications, expressed as
models. Using the MDA methodology, the functionality of the system is defined as a
Platform-Independent Model (PIM). By creating a common PIM, the INSPIRE
community has achieved conceptual interoperability - a common data specification
has been created. To achieve operational interoperability, PIM is translated into one
or more Platform-Specific Models (PSMs; the same as PDMs in Fig. 5), using
implementation languages such as Java, Python, or XML Schema. The model-driven
INSPIRE approach is generally explained in Fig. 6. We emphasize that the
formalisms of Model-Based Engineering are used here. We recommend the interested
reader to read the relevant paragraphs of the monograph [10].

Finally, the third and most important example of a formalized approach to
SplIA/NSDI modeling is the Pattern-Based Relational Cartography approach (RelCa,
[10]). Let's just say that we will not worry about the description of research methods,
because we are only looking for models that are called patterns. According to [14; p.
247] the pattern is at the same time the corresponding method.

Namely, the thing we are researching is "stratified" in terms of knowledge. The
most famous names of strata are (bottom-up): Operational, Application, Conceptual,
General. The formal basis of stratification is the provisions of the article [15]. The
component of each stratum necessarily includes three levels: Datalogical, Infological
and Organizational. The formal basis for the allocation of levels is the provisions of

the article [16]. The thing can be understood as an Electronic atlas, Atlas information



system, Carto- information system, Geo- information system. Modern things are

Carto-/Geo-information platforms (CIP/GIP) such as Google Maps and/or
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It follows from the original part of Fig. 1 [3] that some countries of the world have

gone through the 2-nd Generation of SDI development and are now in the 3-rd

Generation of development. It is quite obvious that the NSDI of Ukraine will not

access neither practically nor theoretically the 3rd generation of development. The

first proof is the Law [1], from which it follows that even theoretically NSDI of

Ukraine will not correspond to the 3rd development model.

Let's pay attention to NSDI users in the 3-rd Generation of its development

(Fig. 1): “"Open" countries’," International corporations™ and ‘"Closed" countries’.

"Open" here are countries in which territories are working the services as Google

Maps and/or OSM. Ukraine is such an open country. It is easy to see that, for

example, the OSM meets the above definition of the SDI product model. Therefore,

OSM in Ukraine is a component of its actual NSDI.



The product model is the basis of the Law [1]. It seems that its authors decided
that the main data sets (products) should be the main ones in the current NGDI of
Ukraine and “subordinated” them through the provisions of the Law to the
institutional framework, technical standards and network of data exchange centers. In
the Law, fundamental data sets are most likely called basic and are defined as 17.
There is no order of operation with these data. Not, as, for example, in INSPIRE
where operation has to be carried out alternately, in three turns. In the first turn
INSPIRE operation should be carried out "only" with 9 data sets, in the second - with
four. Some datasets are very "expensive", so they cannot be a priority due to the
obvious lack of funds. For example, "10) engineering communications™ are basic data
sets according to the Law. In INSPIRE it is "Utility and governmental services"
which are carried to the 3rd turn which is realized after the 2nd turn. In addition, the
data set on the essence of cultural heritage is named thematic in the Law of Ukraine,
and in INSPIRE they belong to the 1% turn data sets (basic or fundamental).

From the above information we can conclude that the Law [1] will not be
implemented due to its "voluntary™ provisions. More precisely, many provisions of
the Law depend on the opinion of its possible executors, and this is always
dangerous, especially in Ukraine. For example, what happens if executors decide that
the main thing is "10) engineering communications” and (always limited) funds
should be directed to this data set? At the same time, there is not even such a
justification "as in Europe", because in the Law [1] INSPIRE is mentioned only once
insignificant.

At the same time, in Ukraine there is already "some" digital NSDI, which
corresponds to the product-process and actual model of NSDI development. The
main argument for this conclusion is the "usability” of OSM, Google Maps, etc.
Moreover, by all Ukrainian users: both individuals and legal entities. It is hardly
necessary to clarify the understanding of "some™ digital NSDI and its differences
from “future” NGDI without a government task, as the result may be unnecessary for

government but for the scientific community only.



The "product-processity" of the actual model of NSDI development is based on
the fact that OSM, on the one hand, corresponds not only to the product, but also to
the process and even SES models of NSDI development. On the other hand, there are
some differences from the "canonical” representations about the "product” model of
NSDI. For example, OSM does not operate with land data. And in the Law [1], they
belong to the basic data sets (ie, to the fundamental data sets in the definition of the
product model) and thus are an element of the product model of NGDI. Thus, the
Law [1] can determine the beginning/continuation of the creation of only a "part" of
NSDI. Without a detailed analysis, it is difficult to understand to what extent the
abstract NGDI model described in the Law [1] corresponds to the real part of the
NSDI model.

Correct model of NSDI development in Ukraine

In 1992, the Conception of the National GIS (NGIS) of Ukraine was developed
[17]. If we use the models described above, we can say that it was the Conception of
NSDI, which corresponds to the product model. Namely, the Conception of NGIS
distinguished scientific-educational, production and management components, which
were called subsystems of NGIS: Scientific (SNGIS1), Production (PNGIS1) and
Management (MNGIS1). The main component of NGIS1 was PNGIS1, which fully
complied with the above four-component definition (product model) of NSDI. Thus,
PNGIS1 consisted of three subsystems: 1) National Topographic Data Bank
(NTDBn, fundamental data sets), 2) Systems for manipulating exchange standards
(technical standards), 3) Systems for receiving/sending requests from/to external
GIS/IS (network of data exchange centers). The institutional framework was to be
based on the appropriately adjusted normative documents of Ukrgeodescartography
and on the activities of the State Commission on GIS, which was established in 1993
at the request of the NGIS project.

PNGIS1, in line with the Conception of NGIS1, has not been fully
implemented. However, there is a partial implementation of PNGIS1 in
Radioecological GIS (RGIS, [18]). As the Chornobyl accident affected 12 of



Ukraine's 25 oblasts, we de facto had to create a fragment of the NSDI within the
limits of the RGIS. In addition to the PNGIS1 variant, the RGIS1 implemented the
MNGIS1 variant, which was called RadEco [18]. Interestingly, the requirements of
the practice led to the creation of a publicly available component of RadEco. It
became the Atlas of Radioactive Contamination of Ukraine (RadAtlas), which was
published in mass circulations in 2002, 2008 and 2011. The variants of PNGIS1 and
MNGIS1 implemented in RGIS used non-proprietary components of SNGIS1, which
existed in scientific institutions dealing with “Chornobyl" topics.

SNGIS1 and MNGIS1 were integral components of both NGIS1 and NSDI 1.
Without going into details, let's say that SNGIS1 was supposed to ensure the
evolution of NGIS1/NSDI1. MNGIS1 was to become the first application of
NGIS1/NSDI1, and, using it directly in the management structures of the country.
Unfortunately, this did not happen. Ukrgeodescartography decided to create an
Automated Cartographic System (ACS) instead of NTDBn, proposed by the
Conception of NGIS1. It should be noted here that the ACS for the internal needs of
Ukrgeodescartography is fundamentally different from the NTDBn, intended for both
internal users and users outside this organization.

After 1992, several implementations of PNGIS1 and MNGIS1 were performed.
In addition to the already mentioned RadEco and RadAtlas MNGIS1, the most
famous example of its implementation is the Electronic version of the National Atlas
of Ukraine (EINAUonDVD, [19]) because it significantly uses data from the
management structure of the country - Derzhkomstat. This MNGIS1 was operated
not only in Derzhkomstat, but thanks to the production of mass circulations of
EINAUonDVD (5000 copies in 2007 and 1000 copies in 2010), it was distributed
throughout the country.

At the boundary of the millennium, we participated in two defining NSDI
projects. In the first (1998-2003), we coordinated three projects of the Franco-
German Chornobyl Initiative (FGI). There were many sub-projects of 3 FGI projects
- about 50 (see [10] and the sources cited there). All of them dealt with the territory

of the Chornobyl accident in one way or another, but now for Ukraine, Belarus and



Russia, which further substantiated the need to use geo-information technologies. To
effectively coordinate a large number of sub-projects, we had to develop the so-called
Framework of main solutions for FGI (sub-)projects, which became known as the
ProSF (Project Solutions Framework).

Almost simultaneously with the FGI, Phase IV of the Swedish-Ukrainian
project “Creating conditions for the implementation of NSDI in Ukraine, Phase 1V,
2000-2003” was implemented. The FGI experience was used for NSDI. Namely, we
thought about the question, what should have companies that implement geo-
information projects, using NSDI elements? The result of these thoughts was the
GeoSF (GeoSolutions Framework), which became an evolution of ProSF and was
intended for both project and day-to-day operations of geo-enterprises.

GeoSF was proposed in the early 2000s to build a digital NSDI in Ukraine [6].
Then at the state level under the leadership of Ukrgeodescartography (now
Ukrgeocadastre) it was necessary to adapt and collect in the Spatial Information
System in a certain "broader" sense the existing digital "classic" components of
NSDI, supplement them with typical "project” geo-products and geo-services and
offer it economically useful way to each geo-enterprise of Ukraine. It was taken into
account that at that time in Ukraine there were already digital components, which for
a small fee could be easily adapted to make "classic" components of the NSDI of
Ukraine, built according to the then relevant in the world product model of NSDI.
The same can be said about typical "project” geo-products and geo-services, although
formally the latter were already the first step towards process NSDI. Priority for the
implementation of GeoSF were geo-enterprises of Ukrgeodescartography.

It is important to note that GeoSF is a Solutions Framework (SoFr), where the
SoFr method and means differ. Simplified, the essence of the SoFr method is that to
create a specific information object you need to have a model in which you have
accumulated basic knowledge about the object itself. There are two important
limitations to information objects and models: models must be patterns, and the
transition from a model to an object must be an epistemological transition (reduction)

only one level down. In this case, the object can be a model, system or just another



object, and the transition is described by the relations metamodel-model, model-
system, model-implementation, model-tool, and so on. Another important property of
the SoFr method is the dualism of product and process: a product cannot be created

without a process, and a process does not make sense without a product being

created.
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Fig. 7 - Geo-enterprise that supplies or uses geo-products and geo-processes

Fig. 7 shows, on the one hand, the scheme of the standard (s) GeoSF version -
sGeoSF. At the beginning of the century it was planned to supply it to geo-enterprises
in the form of a portal on the software operating at that time. On the other hand, the
scheme of Fig. 7 reflects the essence of both the sGeoSF and any SoFr method. Fig. 7
is ‘read’ as follows. The geo-enterprise supplies and the customer ‘uses’ the geo-
product or geo-service. There may be a relation of dependency or use between geo-
products and geo-services (processes). For example, in the case when an enterprise is
developing the geographic information systems that should work on Maplnfo
MapXtreme, the client uses both the geo-service (process) of development and the
geo-product MapXtreme. The client can be internal - an employee of the geo-
enterprise. In this case, we have a geo-enterprise that uses geo-products and/or geo-

services (geo-processes).



The initial pattern system included elements called "classic" NSDI elements.
These are primarily elements from the fundamental data sets and technical standards
of the product NSDI. Explanation of the Basics package notations on Fig. 7 is shown
in Tabl. 1.

Tabl. 1 - Notations of the Basics package on Fig. 7

NatGeoI-_I' An ‘arbitrary’ pattern, in this case the National GeoClassifiers pattern
Classifiers

- =

(Natiops™y | Pattern of the National Topographic Map

~_-Map 7/
~Geoob™+ | Pattern of the database of geoobjects, built using KOATUU - the State
~ectsDB_? | Classifier of Objects of Administrative-Territorial System (division) of
Ukraine

ir Pattern of software for converting vector maps of different formats. In
fonsw 2001, it was a MaplInfo <> ArcView conversion

Documents: 1 - Description of exchange formats, including exchange
formats ArcView and Maplinfo, 2 - Glossaries, 3 - Electronic versions of
Ukrainian laws and regulations in force in the field of geoinformatics,
current for 2001, 4 - Description of international standards in the field of
geoinformatics, etc.

ossaries
3 LegalBasis
4 InternGeo-
Standards

— In addition to the "“classic elements of NSDI", sGeoSF included patterns and
o mechanisms for Products, Processes, Publications and Services of the geo-
enterprise.

Highlighted in bold arrows in Fig. 7 also represent the so-called main triad of
each SoFr - the relations between the components of the Products, Processes and
Basics packages. The "classic" components of the sGeoSF package are examples of
components that are in a dependency/use relation with the components of the
Products package. For example, in the manufacture of EINAU [19] we used the
national topomap of Ukraine, but indirectly. In fact, the so-called typical "project”
geo-product was used - the "project” national topomap. This map was a
transformation of the national topomap of the NSDI into a topographic map, which
was used in the project of creation of EINAU, as well as in other similar projects.

The project national topomap was usually used together with one or more
thematic layers. If you imagine samples of such thematic maps, then we get an idea
of the contents of the package with OtherPatterns parameterized objects in Fig. 7. In
fact, we gave an example of the relation: “specific thematic map" uses "sample
thematic map"”. Among OtherPatterns there were samples of maps creation processes

therefore we consider clear contents of a Processes package.



It turned out that the main SoFr Products-Processes-Basics triad and/or the
Products-Processes-Basics-Services-Publications pentagram are powerful
constructions that are often found in any geo-information activity. For the main triad,
we can say that the ambiguity of at least one of the three components calls into
question the success of any geo-information activity, regardless of the geo-product to
be created or the geo-process to be performed.

SoFr pentagram can be represented as in Fig. 8a, where the main SoFr triad is
highlighted by bold lines in the same way as in Fig. 7. Apparently, a better
understanding of the main SoFr triad will allow Fig. 8b. The relation between Models
(Basics package) and Systems (Product, Process packages) includes the conformity

relation, which is implemented in particular using the "meta-step" pattern [20].

Services [« ——-> Basics Jmam <A, S
Lo
n
LAY
4 v
4 \
L. <
\
\
Products (€ = Systems (Product,Process)
\
\

Product

<

Product g

< pattern e
4

«dependency/use» JPublications ¢ ‘Y

a) Inverted SoFr pentagram b) Simplified representation of SoFr triad

Feedback

Fig. 8 - The main triad of SoFr: Products-Processes-Basics(Products,Processes)
NGIS1 is consistent with the formation of Web 1.0 [10]. SNGIS1, PNGIS1 and
MNGIS1 evolved into the Web 1.0x1.0 (Web 1.0%) formation. Thus, we have created
an "Atlas of the Population of Ukraine and its Natural and Cultural Heritage"
(APN&CH) in the architecture of Web 1.0+ [21]. APN&CH has two
implementations: APN&CH?2016 - in the formation of Web 1.0, APN&CH2018 - in
the formation of Web 1.0%2. Thanks to APN&CH2018, the statement for MNGIS1
evolution has been proven. PNGIS1 already has several Web 1.0x1.0
implementations in Ukraine. Suffice it to give an example of a Ukrainian fragment of
OSM. There are evidences of the possibility of SNGIS1 evolution in Web 1.0x1.0.
Denote the current versions of these subsystems SNGIS1.0x1.0, PNGIS1.0x1.0,



MNGIS1.0x1.0 (and NGIS1.0x1.0 in general). The structure of the modern NSDI of
Ukraine (NSDI2017) is shown in Fig. 9 [10].

Part of actuality, modeled/represented by
NSDI2017/NGIS1.0x1.0

Datalogics Infologics/ [Organologics/ NS DI
/Technology Language Usage
S:,?;Larll,stratum SNGIS1.0x1.0 u‘z

Infrastructure
echelon/Conceptual | PNGIS1.0x1.0
stratum

Operational N .o AS Clientof e ”
echelon/stratum  Elged man-made :
APN&CH2018 threats RadAtlas1.0+ EINAU+

Fig. 9 - Product-process structure of NSDI12017 (**correct™ model)

Explanation of NSDI2017 abbreviations: 1) iOSM - OpenStreetMap
infrastructure (includes OSM), 2) BSoFr - main triad of infrastructure (conceptual)
Solutions Frameworks, for example, ELF (European Location Frameworks),
GeoSF1.0x1.0 (Web 1.0? GeoSolutions Framework), 3) aSoFr - the main triad of
application Solutions Frameworks, for example, AtISF1.0x1.0 (Web 1.0? Atlas
Solutions Framework), GeoSF1.0. Dotted arrows here indicate the relation of
dependence. Solutions Frameworks (SoFr) are constructors that allow constructing
lower echelon/stratum products and processes relative to the top of the triad. The top
of the BSoFr triad depends on both the SDI INSPIRE/iOSM and the SNGIS1.0x1.0.
The blue color of the name of this top of the triad means here its purpose to meet the
needs of creating products and processes of the lower stratum. Shown in Fig. 9
components and relations consist of more detailed. The BSoFr and aSoFr components

ensure the processes and evolution of Ukraine's NSDI within its NSD12017 model.



The Operational echelon/stratum shows two modern atlases as examples:
APN&CH2018 and AIS (Atlas Information System) Client of man-made threats, as
well as two potentially possible atlases in the near future: RadAtlasl.0+ and
EINAUL1.0+. APN&CH2018 was released in 2020 [21]. AIS of man-made threats is
being developed at the Institute of Geography now with the expected public result at
the end of 2021. RadAtlasl.0+ and EINAUL1.0+ are possible next versions of
RadAtlas1.0 and EINAUonDVD. The basic characteristic of versions 1.0+ should be
dynamics (processes).

In the context of this work, the most important construct of NSDI12017 is SoFr,
because they allow to consider the model of NSDI2017 not only product (through
Products), but also process (through Processes). In general, at first any SoFr was
represented by a direct pentagram [6]. If we take into account the Conceptual
Framework (CoFr) of RelCa [10], it is better to represent SoFr in an inverted
pentagram as in Fig. 8a.

Due to the conformity of the NSDI model and system, as well as due to the
search among the models of patterns, we can apply induction and deduction to
conclude about the "correctness" of the NSDI2017 model. Namely, in the monograph
[10] the inductive method of analogies was applied to EINAU CoFr to obtain the
NSDI2017 model. On the other hand, both many components and the NSDI12017
itself can be obtained by deduction from the relevant constructions of Model-based
engineering. Moreover, according to [22] we can talk about a constructive (or
normative as an alternative to the declarative) method of NSDI2017 digital system
development.

At the end of the article it is expedient to indicate that in Chapter 8
monographs [10] are proposed and substantiated 5 static (S) and 4 dynamic (D)
principles of the NSDI of Ukraine creating:

S1. Design, not improve.

S2. Classification (federative system), not generalization (unitary system).
S3. ‘Three-context’ harmonization.

S4. Open solutions.

S5. At least one custom application.



e DI1. Conceptual Solutions frameworks as constructors of elements of
infrastructure echelon/conceptual stratum.

e D2. Application Solutions frameworks as constructors of user applications.

e D3. The correct start is "Orientation on the boundaries of BaseMap CoFr".

e D4. Conceptual framework of NSDI as a SES constructor in Ukraine.

The essence of the principles of S1-S5 is explained in the article [23] in 2017.
In the years since the publication of the article [23] and the monograph [10], these
principles should have been updated. However, in 5 years, serious guestions among
the C1-C5 principles have arisen only to the C4 principle. The fact is that the ELF
project today already seems a failure (see its place in the NSDI2017 architecture on
Fig. 9). In the years after the publication of the monograph [10] it is necessary to
update these principles. At the moment there are only questions to S4. We will not
hide that the ELF project currently seems to be a failure (see Fig. 9). Remind that it
was based on Oskari Map Application Platform technology [24]. In parallel and very
aggressively, ESRI, Inc. offered to use their ArcGIS technology. Apparently, a
separate article is needed to explain that the S4 principle is still valid for NSDI of
Ukraine and for regional SDI, such as INSPIRE.

Over the past 5 years, the principles of D1-D4 have not been updated, but
clarified. Thus, the essence of the D3 principle in addition to the monograph [10] is
explained in this year's article [25] on the example of dealing with the boundaries of
objects of tangible cultural heritage. The essence of the principle D1 is specified in
this article. In the Web 1.0 formation, GeoSolutions Framework GeoSF1.0 was
conceptual SoFr. In the Web 1.0x1.0 formation, it evolved into GeoSF1.0x1.0. There
are additional arguments for the feasibility of this correct model of NSDI of Ukraine

development.

Conclusions

Models of NSDI development in Ukraine, "actual™ now and "correct™ in the next five
years, are described. Both models are so called product-process. The product-process

model of NSDI development in Ukraine (Fig. 9) is named "correct”, because CoFr



and SoFr patterns are proved in Relational cartography (RelCa) with sufficient
formalization.

NSDI2017 must correspond to the 5 static (S) and 4 dynamic (D) principles of
the NSDI development, formulated in main part of the article. Specified principles
are not necessary and sufficient for the successful development of the NSDI of
Ukraine. However, failure to comply with at least one static or dynamic principle is

likely to lead to project or system failure.
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HAITUOHAJIBHAAI HH®PACTPYKTYPA IIPOCTPAHCTBEHHBIX
JAHHbBIX (HHUII]) YKPAHHBbI: KAKOBbI EE AKTYAJIbHAA,
PEAJIN3YEMAA H OTHOBPEMEHHO «IIPABH/IBHAX» MOAEJIU?
B pabome paccmompenvl akmyanvhas, peanusyemas U 00HOBPEMEHHO «NPABULIbHASY
mooenu yugppoeoti HUIIJ] Vkpauner. Axmyanvnas modenb coomeemcmayem
cywecmsyoweti yugposou cucmeme HUII Yrpaunvi. Oma mooenv yoce cetivac
omauyaemcsi om mooenu, 3adannou 6 3axone Ykpaunvr «O HUI/]» [1]. [lockonvky
NOCNeOHssl 8ps0 au 8 Oaudicaliuee epems Oyoem peanu308and, mo 0CcoOeHHO 0CMpo
cmoum 80npoc peanuzyemou 8 Oaudicatiuiue name 1em moodenu yugposou HUIL]
Yxpaunei, komopas 6w1 yuumsieana axmyanonyo mooens. Kpome peanuzyemocmu,
HYJICHO, umoObl maxas Moodelb Oblla ewe U «NpasulvHouy. Tlakas mooenw
npeonodicena 6 cmamve. lIpasunvHoli Hazvleaemcs Mooelb, UCMUHHOCHb KOMOPOU
MOJHCHO YCMAHOBUMb C HOMOWBIO UHOYKMUBHBIX UIU 0€OVKMUBHBIX YMO3AKIIOYEHULL.
s amoeo npasunvhas mMooeinb O0O0JHCHA OblMb 00CMAMOYHO (HOPMATUIOBAHHOU,
YmoObl Kaxicowlil CMO2 NPOBEPUNMb YMO3AKIIOUEHUSI A8IMOPO8 HE3ABUCUMO.

Tonumanue xax axmyanvHol, mak u npasuivHou moodeneu HUII Ykpaurwvi
NOMOJCEm NPAsUIbHO OP2aAHU308aMb U pa3eums akmyaivhylo Ilpocmpancmeennyro
ungpacmpyxmypnyio Odeamenvrocmo (IpHJl) 6 Ykpaune, exmouas peanvHoe®

ucnonanenue 3axona [1]. Xomsa pe3yrbmamsl cmamvu no08epeaom COMHEHUSIM €20

2 PeanbHblii. 1. Koropsiii cymiectByeT B NeMCTBUTENBHOCTH, HacTosumui. Mcm. co cii.: JelCTBUTENbHOCTb, KH3Hb,
CYIIECTBOBaHHUE, YCIIOBHs, OOCTOSTENbCTBA, (PaKT, OMACHOCTh, CHiIa, 3apabOTHas IUIaTa, JOXOAbl HaceneHus. 2. Takoil, KOTOpBIA
MO>XHO OCYLIECTBUTB, BBIIIOJIHUTB: pPEAIbHBIA IJIaH, peajbHas IporpamMma, peajibHas 3anaya, peanbHbli cpok. 3. KoTopslit
OCHOBBIBAETCSl HA y4yeTe M OLEHKE HACTOSUIMX YCJIOBUH JEHCTBUTENBHOCTU: pEalIbHBIA IMOJIXOJ, peaJIbHbIA B3I, peajibHas

nonutrka.- http://slovopedia.org.ua/32/53408/32016.html, gocrymn 2021-uron-04
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0CYWecmsumMocms U 0O0CHOBLIBAIOM AIbMEPHAMUBHYIO MOYKY 3PEeHUs HA NPoOeMmy
asmomamuzayuu  HUTJI/HUT/TIpH]]. Oonako, Mbl  yeepeHwl, umo
AIbMEPHAMUBHYTIO MOYKY 3PEHUSL 8Ce euye BO3MOICHO USMEHUMb HA KOONEPAMUBHYIO,
eciu ¢ NOMOWBIO NOO3AKOHHBIX aKmoe8 coanacosams mooeau HUILJ[ (3axon), HUIIT/]
(cmamws) u, nakoney, IlIpHJ].

s Odokazamenbcmea «npasuibHocmuy ocywecmeumou mooenu HUIT]
ucnoavzyemcs meopus Pensayuonnou xapmoepaguu u ee 08a OCHOBHbIX MeMOOA:
Konyenmyanonuvix xaprxacoé u Kapkacos pewenuii. Kpome moeo, ucnonv3osana
c6a3b Penayuonnoii kapmoepaghuu ¢ bazupyrowetics na mooensx undxceHepuetl.
Knwueswie cnosa: HUII/[; npodykmosas moodenb, npoyeccHas Mooeib, akmyaibHas,

peanusyemasd u «npasulibHa:A» Mooeb

Yaoanrwk B.C., /luwnux O.11.
HAIIIOHAJTbHA IH®PACTPYKTYPA IIPOCTOPOBHX JJAHHUX (HIILT)
YKPATHH: AKHMH € IT AKTYAIbHA, 3/JIHCHEHHA I O/THOYACHO
"ITPABHIBHA" MOJEJII?

Y pobomi pozenanymi axmyanvHa, 30iliCHEHHA [ OOHOYACHO «NPABUTILHAY MOOEi
yugposoi’ HIIT]] Ykpainu. Axmyanvnoro € mooenv icHyiouoi yugposoi cucmemu
HIIT Vipainu. 1]a modens 6dxxce 3apas 6i0pisHAEMbCs 8i0 Mooeii, 3a0aHoi 8 3aKoHi
Ykpainu «Ilpo HIT']» [1]. Ockineku ocmanHs HABPAO YU HAUOIUNCUUM HACOM OyOe
peanizosana, mo ocoOIUB0 20CMpumM € NUMAHHA 30IUCHEHHOT V HAUuOIUdMCYI n’simb
pokie mooeni yughposoi HIII/] Ykpainu, axa 6 epaxosysana akmyanvHy mooens. Kpim
30ilicHeHHOCmi, nompibHo, wob maxa Mmooeivb 0yaa we U «NpasurvbHory. laka
MoOenb 3anpononosana y cmammi. IlpasunbHoro HaA3u8aemovcsa MoOenb, ICMUHHICTb
SAKOI  MOJICIUBO B8CMAHOBUMU 3 OONOMO20I0 IHOVKMUBHUX ab0 0eO0yKMUBHUX
ymoeusodie. [lna  yvoeo npasunvHa MOOenb  NOBUHHA  Oymu  00CMAMHLO
Gopmanizosanoro, wob KOMHCHUL 3Mie nepesipumu yMo8UE0OU A8MOPIE HE3ANLEHCHO.
Po3zyminnsa ax  axmyanvnoi, max i npasunvnoi modeneu HII/] Yxpainu

0onomodce NpasuibHo opeauizyeamu 1 po3guHymu akmyanvhy IIpocmopogy



ingppacmpyxmypuy Oisnonicmo (Ipll]) 6 Yrpaiui, exnouaiouu peanvhe® 6uKoHanus
3axony [1]. Xoua pezyromamu cmammi niooaioms cymuieam 1020 30iUCHEHHICID 1
00TPYHMOBYIOMb  ANbIMEPHAMUBH)Y MOYKY 30pY HA Npobiemy asmomamu3ayii
HITJI/HII/pl/l. Oonak, mu enegHewi, wo aibmepHamueHy MmMouKy 30py 6ce uje
MOJCIUBO 3MIHUMU HA KOONEPAMUBHY, SAKWO 3ad O00NOMO2010 NIO3AKOHHUX aKMIig
yzeooumu mooeni HIT'J[ (3axon), HIII/[ (cmamms) i, napewmi, IIpl/].

Jlns 008e0eHHS «NPABUTLHOCITY 301ICHEHHOI  Mooeli HII
suxopucmosyemocsi meopis Penayitinoi kapmoepaii i ii 06a 0CHOBHUX MemOoOou.
Konyenmyanonux rxapkacie i Kapkacie piwens. Kpim mozo, euxopucmano 38's130x
Penayiunoi kapmoepaghii 3 bazosanoio na mooensx inxceHepiero.

Kniwwuosi cnosa: HII/]; npodoykmoea mooenv, npoyecHa MoOelb, aKmyaibHd,

30IlICHEeHHA | «NPABUTLHA» MOOEb

8 Peannnmii. 1. Skuii icHye B JificHOCTI, cipaBxHil. Bik. 31 C/I.: MifiCHICTD, KUTTH, iCHyBaHHS, YMOBH, 00CTaBUHHM, (BaKT,
HeOe3IneKa, CHiIa, 3apo0iTHA IU1aTa, JOXOAU HaceneHHs. 2. Takuid, sskuif MoXKHA 31IHCHUTH, BUKOHATU: pealbHUH IIJIaH, peasibHa IIpo-
rpamMa, peajbHe 3aBJaHHS], peaJbHUH TepMiH. 3. SKuil IpyHTyeThCS Ha BpaxyBaHHI H OIIHII CIPaBXKHIX YMOB HIHCHOCTI: peanbHUit

mixin, peanbHUii OIS, peanbHa nosituka.- http://slovopedia.org.ua/32/53408/32016.html, noctym 202 1-nun-04
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