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CRITICAL PROPERTIES OF MODERN GEOGRAPHIC INFORMATION
SYSTEMS FOR TERRITORIAL MANAGEMENT

Introduction. The issue of the "geographic information system" (GIS) definition is important
both for the theory and practice of creating modern GIS of large territories. An analysis of
modern studies has shown that most of the currently publicly available GIS definitions don’t
meet the needs of modern territorial GIS.

The purpose of the paper is to prove the claim that for the management of territories in
modern conditions should be used not GIS in the “narrow” semse, but GIS of the new
generation, in particular GIS in the “broader” (extended) sense, for example Atlas
Geoinformation Systems (AGIS), which correspond to a predetermined structure — Conceptual
framework of Atlas Systems of Relational Cartography.

Results. The term Atlas Geoinformation System is defined as GIS of large territories of
a new generation. The concept of Atlas Geoinformation System (AGIS) is described. An
example of AGIS of a certain class is given. We believe that it is important and useful for
practitioners to use the results of this article in the creation of GIS of large territories.
Theorists will get a better understanding of the field of geoinformatics research of the next
generation, which would satisfy the requirements of modern times.

Conclusions. Inductive and/or deductive inferences on the fairness of main critical
properties in modern GIS of large territories are given. In the absence of one of the
properties, we can say that there is a corresponding critical disadvantage of the GIS project
of a large territory. The criticality is that in the absence of an appropriate property, the GIS
project is likely to fail.

Keywords: Atlas geoinformation system, territory management, Conceptual framework,
Solutions frameworks, critical property.
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INTRODUCTION

The article [1] substantiates the need to implement four critical properties (CP)
in geoinformation systems (GIS) designed to manage "large" territories:

e CPl. Availability of education-scientific, production and management
components in each large territorial GIS.

e CP2. Availability of an atlas solution (or Atlas system — AtS), relatively
independent of other elements of the large territory GIS, which could work offline.

e (CP3. Portal as the means of building GIS in some broader sense (GISb)
with GIS in the narrow sense (GISn) and other elements, as well as to provide
on-line teamwork with all elements-systems.

e CP4. GIS of large territory must have a metasystem extension, which must
necessarily include meta-products and meta-processes for their creation. All
elements of the system must be consistent with the particular Solutions Framework
of the project in which the system was created.

In this article, we want to prove that for the management of territories under
modern conditions should not be used “classic” GISn, but GIS of some new
generation. For these GIS, in addition to CP1-CP4, the following critical
property must also be implemented:

e CP5. The need to create in modern conditions not GISn, but GISb and,
in particular, Atlas geo-information systems (AGIS), which correspond to a
certain predetermined structure — Conceptual framework of Relational
Cartography [2], as well as CP1-CP4.

“Classic” GISn refers to systems that are ultimately defined according to
one of four approaches to the definition of GIS, oriented accordingly to:
processes, applications, databases, tools [3]. A process or process-oriented
approach to GIS definition has become the most popular. This is evidenced by
definitions from the Russian [4], Ukrainian [5] and English [6] sectors of
Wikipedia. In the late 1990s, process-oriented definition of GIS became
essential to us thanks to a monograph [7], where GIS was defined as an
information system (IS) designed to work with spatial or geographical data. IS,
in turn, was defined as a set of subsystems that implement data collection and
input processes; their pre-processing; data manipulation; data and information
analysis; generating results. In particular, it was used in the Conception of
Multipurpose National GIS (NGIS) of Ukraine [8].

The terms "in the narrow sense" and "in the broader sense" were defined in
[9] for IS. Since GIS is an IS specialization for us, GISb can be defined through
IS in the broader sense (ISb): “The totality of all formal and informal data
representation and processing activity within an organization, including the
associated communication, both internally and with the outside world”.

To prove the "criticality" of CP1-CP4 for the GIS of “large” territory, we used
the experience of creating the Radioecological GIS (RGIS) and the experience of
coordinating three large projects of the French-German Chornobyl Initiative (FGI) [1].
In general, this is the work of the decade from 1996 to 2005 and this period coincides
with the life cycle of the RGIS. As a result of the Chornobyl accident in 1986,
12 of 25 oblasts of Ukraine are considered to be victims, which is why we have a
“large” territory here. Our method of proof was based on the so-called "abductive"
inferences [10], [11]. To remove possible objections to their correctness, it should be
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noted that RGIS was the first implementation of the GIS of “large” territory (or
national-level GIS), and there are no other such implementations in Ukraine. Because
of this, there are no other abductive inferences for or against, so we believe that in all
GIS implementations, CP1-CP4 must be taken into account for managing large
territories. For our part, we further analyze the current GIS-solutions available to us,
which could be attributed to large territorial ones, to further verify the correctness of
CP1-CP4. To this end, we use the theoretical methods of proof based on inductive and
deductive inferences.

We always perceive territories through spatial phenomena and processes
that allow GIS modeling. In this case, before applying such modeling, we
separate spatial phenomena and processes, which in reality can be represented
by spatial systems or spatial entities. An example of a spatial system is the
hydrography of the Ukraine territory. In GIS, these spatial systems are often
modeled by systems of map layers, and the spatial layers themselves are, in
reality, appropriate to be called in the field. Examples of spatial entities are those
of material cultural heritage. In GIS, these spatial entities are modeled by spatial
objects. It is clear that objects of one type can form map layers, and map layers
can fall into spatial objects of the same type. Because of this, geoinformatics
have even decided to separate the layer and object approaches to GIS.

In the years following the creation and operation of the RGIS and associated
"Chornobyl" GIS, since the middle of the first decade of the 21* century, we
have been implementing GIS mainly in the commercial sectors of the national
economy: oil and gas, telecommunications, banking, transport. In general, these
systems should be called object GISs, even if the object of study is entities
distributed by territory (systems of entities). For example, the spatial entities of
the network of the national telecommunications operator "Vodafone Ukraine"
(VF Ukraine) were modeled using a GIS called the VF Automated Information
System (AIS) (life cycle from 2008 to 2020). It must be acknowledged that not
all CP1-CP4 are valid for such object GISs. For example, the purpose of the VF
AIS was to support the operational state of entities of the VF network, such as,
for example, base stations. Such systems automate predefined business
processes, so CP1 should not be considered, unless the "certainty" of business
processes is questioned. There is no need to consider also and CP2. However, in
our view, the need for CP1 and CP2 for object GIS is explained by the purpose,
which in the case of territorial GIS is different from object GIS.

If we go to the heart of our study, it must be said that most common-sense GIS
definitions now do not meet the needs of current territorial GIS. If we take the
deeper look at the most up-to-date definitions, we will see the following. The
authors of the textbook [12] adhere to the definition of GIS from the textbook [13]:
"information systems providing the collection, storage, processing, display and
dissemination of data, as well as obtaining on their basis new information and
knowledge about spatially coordinated phenomena". Process-oriented definition is
adhered to [14; p. 1]: “A geographic information system (GIS) is a computer system
for capturing, storing, querying, analyzing, and displaying geospatial data”. Shipulin
V. in the textbook [15; p. 29] after considering several variants, the definition goes:
“GIS is a system that:

o first, there is a set of interacting five components, consisting of computer
tools, software, geographic data, regulations and users;
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e second, it performs the functions of input, integrating, storing,
processing, analyzing, modeling and visualizing geographical information”.

It seems that based on the title of the textbook [16; p. 78] Karmanov, et al.
could deviate from the process-oriented definition of GIS. Yes, they initially
consider different types of territorial IS, but in the section "Concept of GIS
territorial management" still define GIS as "a system for management of
geographical information, its analysis and mapping", that is, adhere to process-
oriented definition of GIS. Interestingly, in the next section, called “GIS as a
Distributed System”, they de facto recognized that territorial GISs should be
integral systems made of GIS of several kinds. To do this, use the ecosystem
ArcGIS version 9.x, which is still: 1) dating back to the first decade of the 21%
century, and the textbook cited dates from 2015; 2) as early as the first decade of
the 21* century, it consisted, at least, of desktop, server-based, portal and mobile
elements, each of which could be used to construct an appropriate GIS.

We can state that the definition of GIS from textbooks is different from
professional and scientific definitions. Yes, the current definition of GIS for ESRI
is: «A framework to organize, communicate, and understand the science of our
world. A geographic information system (GIS) is a framework for gathering,
managing, and analyzing data. Rooted in the science of geography, GIS integrates
many types of data. It analyzes spatial location and organizes layers of information
into visualizations using maps and 3D scenes. With this unique capability, GIS
reveals deeper insights into data, such as patterns, relationships, and situations -
helping users make smarter decisions» [17].

Yang, et al. [18; p. 25] recall that, «GIS originates from several domains and
refers to the system designed to capture, observe, collect, store, and manage
geographic data, and to provide tools for spatial analyses and visualization [19]. GIS
can help obtain geographic data to be used for decision making, such as choosing
routes for emergency response». Further Yang, et al. [18; p. 26] indicate that
«Coined by Mike Goodchild, the term GIS can also refer to the field of geographic
information science or GIScience — the study of the scientifically applied GIS
principles and technologies [20]. According to GIS scientists, GIScience involves
remote sensing, global navigation satellite systems, and GIS. Additionally, in
various domains, Geolnformatics may be applied to remote sensing, global
navigation satellite system, and GIS informationy.

Longley, et al. in the second edition of the monograph [21; p. 16] consider, in
contrast to the above definition from the first edition [19], several definitions, among
which are the interpretation of GIS as a Spatial Decision Support System (SDSS).
As a result of the discussion there, the definitions of Longley, et al. [21; p. 31] point
to the importance of the social context, which, in their view, was beautifully
expressed by N. Chrisman in his definition of GIS [22; p. 13]: «The organized
activity by which people: 1) measure aspects of geographic phenomena and
processes; 2) represent these measurements, usually in the form of a computer
database, to emphasize spatial themes, entities, and relationships; 3) operate upon
these representations to produce more measurements and to discover new
relationships by integrating disparate sources; and 4) transform these representations
to conform to other frameworks of entities and relationships. These activities reflect
the larger context (institutions and cultures) in which these people carry out their
work. In turn, the GIS may influence these structures.
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Finally, GIS is synonymous with SDSS, the latter being defined as «computer-
based system that combines conventional data, spatially referenced data and
information, and decision logic as a tool for assisting a human decision-maker. It
usually includes a user interface for communicating with the decision-maker. A SDSS
does not actually make a decision, but instead assists and analyzing data and presenting
processed information in a form that is friendly to the decision-maken» [23].

PROBLEM AND METHODS OF SOLUTION

Consideration of GIS definitions is not a purely academic issue. To explain the
importance of this question both for theory and practice of creating modern GIS
overlarge territories, let us consider the stages of GIS development in general,
which, for example, H. Ottens [24] defined for Europe as follows:

1. Pioneering (innovation): 1965/70 — 1980/85.

2. Maturity (use by specialists and commercialization): 1980/85 — 1990/95.

3. Usage (widespread use and stabilization): 1990/95 — 2000/05.

In article [8], we argued that Ukraine lags behind Europe in terms of GIS
development phases by at least ten years. At the same time, H. Ottens [24] considered
that the countries of Eastern Europe were not less than twenty years behind. However,
there are now signs that even Ukraine has entered phase 3 — the usage of GIS. At the
same time, both in the world and in Ukraine, the necessity of changing the definition of
GIS, which would correspond to the phase of its development, was not given due
consideration. The need for such a change for the usage phase is apparent even from the
analysis of the above definitions. Indeed, all four approaches to the definition of GIS
from [3] relate, in extreme cases, to the first two phases of development and are, in fact,
definitions of GISn. The definitions of GIS in [21; p. 16], [22; p. 13], [23] allow to
depart from the definition of GIS in the narrow sense (GISn). However, Yang, et al.
[18; p. 26] actually reduce geoinformation science (GIScience) to the use of a slightly
extended set of geoinformation technologies. Unfortunately, this is not a mistake. We
also suppose that geoinformation science has not yet been created, as, incidentally,
cartographic science has not been created. There are also no serious arguments to
consider GIS definitions that are different from GISn definitions satisfactory from the
viewpoint of the new generation GIS — or from the GIS phase of usage [24].

We cannot provide a direct and complete argumentation for the absence of
geoinformation or cartographic sciences. Let's just clarify that for [25], each
science has the following components: 1) a domain of inquiry; 2) a body of
knowledge regarding the domain; 3) a methodology (a coherent collection of
methods) for the acquisition of new knowledge within the domain as well as
utilization of the knowledge for dealing with problems relevant to the domain.

According to [26; p. 58], by theory we mean the "'rigid' representation that
comes from classical logic and the theory of knowledge of the XX century.
From this point of view, the theory is a deductively organized set of judgments
formulated in a closed system of concepts. In other words, each theory in its
exact (explicated) form should include at least the following components: basic
undefined notions, derivative motions, axioms (postulates in terms of basic and
derivative notions that are not derived within the framework of this theory) and
theorems, ie, judgments derived by rules from certain axioms".

For partial argumentation of the lack of geoinformation and cartographic
sciences, we use facts for a subset of their common domains of inquiries, bodies of
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knowledge regarding the domains and methodology for the acquisition of new
knowledge within the domain. This subset is defined by the knowledge about Atlas
GIS (AGIS) that can be obtained from the results of the monograph [2]. Since AGIS is
a broader Atlas system (AtSb), the statements made in this monograph are valid,
including statements about the absence (before the monograph [2]) of cartographic
theory and statements about the presence of much weaker forms of scientific
knowledge, which are generally called paradigms. Therefore, it can be argued that
there are no geoinformation theories in the above understanding of Rozov V. [26] that
could possibly be used for AGIS.

The following two examples allow for a better understanding of the above.
In the monograph [2], relatively new mapping phenomena such as geo- or carto-
platforms (the example is OpenStreetMap) have been analyzed. These platforms
do not belong to the field of research in "classic" cartography, which is defined
as "the art, science and technology of making and using maps" [27]. The same
can be said about geoinformatics, which is defined, for example, as "science,
technology and applied activities related to the collection, storage, processing,
analysis and display of spatial data, as well as to the design, creation and use of
GIS" [28]. The point here is the question of the geo-/carto- platforms
themselves: are they GIS and if so, which one? Or maybe they are geo-
information technologies used to create end-user GIS?

Another unclear example is the attempt to identify the geoinformation
products of business firms. The monograph [2] outlines the products of MaplInfo
Corp.: mi-Aware (2003) and MapInfo Envinsa (2006). There these products are
also called platforms. However, in the ESRI definition above, GIS is called "A
framework to organize, communicate, and understand the science of our world".
The term "framework" is not very clear here. Maybe the ESRI framework is a
platform from former Maplnfo Corp. And in general, to what definition of GIS
does ESRI's definition apply?

To finish the description of the problem, let us refer to the article [29] and
Abstract: “Many visions for geospatial technology have been advanced over the
past half century. Initially researchers saw the handling of geospatial data as the
major problem to be overcome. The vision of geographic information systems
arose as an early international consensus. Later visions included spatial data
infrastructure, Digital Earth, and a nervous system for the planet. With
accelerating advances in information technology, a new vision is needed that
reflects today’s focus on open and multimodal access, sharing, engagement, the
Web, Big Data, artificial intelligence, and data science. We elaborate on the
concept of geospatial infrastructure, and argue that it is essential if geospatial
technology is to contribute to the solution of problems facing humanity”. In our
opinion, the cited authors (by the way, very famous persons in the field of GIS)
are talking about the same as we are: modern GIS is a new generation GIS, in
which it is very important to use spatial data infrastructure (SDI) as one of the
elements for the study territory.

The main method of our study is shown in the example of AGIS (Fig. 1.)
The domain of inquiry is "large" territories in which spatial phenomena and
processes are defined (Ph&Pr, which, when used in a GIS, are called
domain/context). These are primarily the relational spaces defined in the studied
territories or their corresponding spatial (territorial) systems, which also include
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the so-called spatial object systems (or models of Ph&Pr spatial entities), if
Ph&Pr is some investigated spatial entity of reality. The "large" territories for us
here are (for example, in Ukraine): country, oblast, community (modern
association of several village councils, which are determined by the current
COATOU), rayon or protected area. However, for territories smaller than the
oblast, another additional integration territorial echelon (or tier/stratum) will
have to be introduced.

The prerequisite of AGIS is the Electronic version of the National Atlas of
Ukraine (EINAU) [31] in broader sense (EINAUb). The concept of "broader sense"
comes from the fact that EINAU, like any spatial information system (SplS),
is a specialization of IS, and IS in the broader sense is defined in [9]. In this case,
the EINAU, which was first produced on CD (EINAU20000onCD) and then on DVD
(EINAU20070nDVD), is IS in a narrow sense [9] — EINAUn. It turned out that the
structure of EINAUD is not arbitrary, but corresponds to the model, which, because
of its repetitiveness in the "atlas" context, is called by the Conceptual Framework
(CoFr) not only for EINAU but also for all Atlas systems [2]. The structure of the
AGIS on the example of EINAU is shown (Fig. 2).

EINAU Atlas GIS (AGIS) is a hierarchical integrated echeloned GIS or a
system of spatial systems where the elements of each echelon (stratum) have the
following meaning:

1. ®oAGIS (Operational AGIS) is a set of (national) electronic atlases (EA) and
other operational models. Examples of EA are EINAU2007onDVD and a pilot
version of EINAU (EINAU2000onCD), known as the Atlas of Ukraine [32]. An
example of an operational model is the EINAU2007onDVD master disk, which is
used for producing the EINAU2007onDVD circulation.

HowToUse
AGIM

Structured information —
how to use AGIM for the
building AGIS

| system-analog or
AGIS mock-

up/prototype

AGIM
‘Instantiation’/
Modernization

AGIS

Feedback

AGIS domain/context final
result

Domain/context development processes.
Instructions, predefined rules, best practices
are used to achieve the desired result

Fig. 1. The process of using AGIM to build AGIS in [30; Fig. 7.1]
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Actuality (SpaSys), modeled/
represented by Atlas GIS (AGIS) EINAU

Datalogics/
Technology

Organization
[Usage

Infologics/
Language

General stratum/echelon YAGIS (theories, paradigms, meta-metamodels)

1 1 ﬁ 1 u
onceptual stratum ; Infrastructure

echelon BAGIS (AtIS2=GISh, metamodels)

f;flf:structure @ n ﬁ
| =I5 =I5 HE

Operational stratum/echelon wAGIS (EA EINAU2000/2007( 2000 Eoti? |
_ ! T T

Fig. 2. Structure of the Atlas GIS on the example of EINAU according to [30; Fig. 7.18]

2. oAGIS (Application AGIS) is a set of Atlas Information Systems (AtIS)
and other application models. An example of AtIS is EINAU2007 Edited,
described in [2]. EINAU2007 Edited is used by the developers of
EINAU20070nDVD to make the latter. An example of an application model is
the AtlasSF (Atlas Solutions Framework). A description of the first and
subsequent versions of AtlasSF (AtlasSF1.0, AtlasSF1.0+) is contained in [2].

3. BAGIS (Conceptual or Infrastructure AGIS) is a set of specialized GISn
and other conceptual models (or application model metamodels). An example of
such GIS is the internal ISGeo system, which is designated AtIS* and was used
to develop and support EA and AtIS. An example of a metamodel is the GeoSF
(GeoSolutions Framework). The standard version of GeoSF (GeoSF0) is
described in [33], [34].

4. yAGIS (General AGIS) is a set of theories, paradigms, and meta-models that
are used in the work with lower stratum/echelon elements. YAGIS refers to the most
complex stratum/echelon of AGIS. It contains both theoretical and practical elements.
An example of a theoretical element is the paradigm of Analytical Cartography [35].
Practical elements are often metamodels of conceptual models.

There are few important remarks according AGIS EINAU shown in Fig. 2:

1. The notion of model and the relation between models/systems is quite
complex. A model here is a simplification of a system built with an intended goal in
mind. The model should be able to answer questions in place of the actual system [36].
We can use the record ®AGIS P aAGIS P BAGIS P YAGIS P SpaSys, keeping in
mind that each relation P is another very general “model-of” relation between the
SpaSys spatial system and its models. Both the elements involved in the relation and
the relation themselves need clarification. Thus, [37] distinguishes such varieties of
models that are present in many shown in Fig. 2 constructions: model-as-example
(model), model-as-type, model-as-exemplar, model-as-mold.
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2. The types of relations in [37]. The relations of these varieties are
included in the sets of relations shown in Fig. 2 by vertical and horizontal two-
way arrows:

e 0 — DecomposedIn, composite/part. A system is very often defined as
a complex set of more elementary parts. This relation represents the
decomposition of systems in subsystems, and so on. For instance, the country
Ukraine is a part of the planet Earth.

e 1 — RepresentationOf, model/sus. A model is a representation of a
system under study (sus for short). This relation is the key of modelling.
Sometimes the distinction is made between specification models, which represent
a system to be build and descriptive models that describe an existing system [38].
These associations could be introduced as specialization of p if required.

e & — ElementOf, element/set. This relation corresponds to the notion of set
in the Set Theory. For instance, Ukraine is an element of the set of all countries.

e y— ConformsTo, metamodel/model. This relation defines the notion of
metamodel with respect to a model. A model must conform to its metamodel. In
fact, y is derived from the p and .

3. The AGIS of EINAU is called and is at present, in fact, a weak
integrated system of systems or models, if the term "system" is left for the
spatial system of reality, and all other structures are called models. Here we are
implicitly using Model-Based Engineering (MBE, [39]). In MBE "everything is
a model", and in systemology [25] "everything is a system". The concept of
"weak integration" is introduced to encompass relation that exist in the IS in the
broader sense but are not implemented in the IS in the narrow sense. For
example, ELNAUonDVD(wAGIS) y» EINAU Edited(aAGIS), that matches
the phrase "EINAUonDVD conforms to EINAU_ Edited". This relation exists,
but it is not implemented in any IS in the narrow sense. In other words, strong
integration between systems is not implemented, so in real time (automated or
dynamic) it is impossible to get one system from another — only by the
developer manually. Moreover, the relation y® in the above example does
indeed consist of the relations puP and &P, which further complicates the
possible strong integration.

4. We pay attention to the captions Datalogics/Technology,
Infologics/Language, Organization/Usage (Fig. 2). They denote, respectively, the
Datalogical Level/Technological Context, the Infological Level/Language Context,
the Organizational Level/World of Usage Context [2]. There are (horizontal) one-way
transformation relation and reverse verification relations between the elements of these
levels. We call these bilateral relations generically transformational.

5. Ttis necessary to emphasize additionally the necessity of using atlas models on
the Operational (Electronic Atlases) and Application (Atlas Information Systems)
Strata. These models somehow model real-world systems with multiple layers of maps.
The preference is given to the so-called "layer" approach, when in the real world they
are looking for explicit or hidden thematic fields. Compared with the more common
object approach used in GIS, the layer approach greatly simplifies the model of the
real system, while still being very powerful. Finally, it must take into account the fact
that well-known geo- and/or carto- platforms (such as Google Maps, OpenStreetMap)
have accustomed humanity to a layer approach, at least in map representation.
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6. The internal nature of strata/echelons is disclosed in [40], as well as their
importance and obligation for modern atlas systems. In particular, the relation
between the elements of the neighboring strata is called epistemological. At the
same time, the knowledge about the modeled spatial phenomenon is realized
from the bottom-up — the higher the stratum, the more we know. In our case,
the phenomenon is the sustainable development of the territory.

EINAU20000nCD and EINAU2007onDVD are AtSn of the classic static
type. They were created in the first decade of the 21* century and earlier. In the
second decade of the 21* century (and beyond), we need to consider AtS (AtSn),
which we might call AtSn of the classic dynamic type. Non-classic type AtS
(AtSn) are too early to consider because there is no relevant theory for this
consideration. Therefore, the CoFr AtSn of the classical dynamic type can be
obtained from Fig. 3 (additional explanations can be found in [2] and further).

Part of reality (geo-system),
Modeled/represented by AtSn

Web 1.0x1.0 General stratum

o
a
&
33
EZ
£z
@
E ki Web 2.0
9 c Web 1.0 General . .
a
@ % stratum Application
g & | stratum
T N,
g8 Web 2.0
"5 Web 1.0 Web 1.0x1.0 )
g g Conceptual stratum | M plication stratum Operatlonal
e stratum
EE ] ]
T2
g2 Web 1.0x1.0
b Operational stratum
=
— Web 2.0
eb 1.0 Opera- )
tional stratum Web 1'0{(1'0 Formation
Web 1.0 Formation Formation

>

Fig. 3. Classic dynamic type AGIS (highlighted color)
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Diagonal arrow in Fig. 3 shows the so-called evolutionary/devolutionary
relation between classes of systems of different formations. Above we have used
the term "AtS of the classic static type" to identify the class of AtS of Web 1.0
formation. The next evolutionary formation is called Web 1.0x1.0 (Web 1.0%). It
corresponds to the class "AtS of the classic dynamic type". Formation Web 2.0
has been poorly studied, so only the two previous formations are shown in green.
However, elements of earlier formations are "embedded" into later formations.
For example, the CoFr AtSn of the classic static type in the example of EINAU
(Fig. 2) corresponds to the Web 1.0 formation. Using Fig. 3, it is quite easy to
get a representation CoFr AtS of the classic dynamic type. These five-stratum
classic dynamic type CoFr (highlighted color in Fig. 3) are the AGIS models that
are discussed below.

Horizontal arrows in Fig. 3 show the transformation/verification relations
between the elements of the three levels: Datological, Infological and Organizational
(Fig. 2). We will not stay on them further. The vertical arrows show the most
important for us the epistemological/reduction relations between the elements of the
four strata for the class of systems of fixed formation Web 1.0>. We will stay on the
interpretation of these relations in the consideration of AGIS further.

AN EXAMPLE OF A MODERN ATLAS GIS (AGIS)

The concept of AGIS was first introduced in a monograph [30]. It describes the
concept and relation of AGIS with the Atlas geo-information model (AGIM).
This relation is shown in the simplest (slightly modernized) form (Fig. 1), where,
compared to [30; Fig. 7.1], material cultural heritage (CH) has been replaced
with an arbitrary domain/context. In addition, the main result [30] is AGIM-CH,
which can be a model of the system of sustainable development of the country in
the terminology adapted to Ukraine [41].

The description of AGIS, stated above as the Critical property 5 (CP5) for GIS
of large territory, begins with an example of AGIS hypothetical "large" territory
(AGIS-LT, Fig. 4). The structure of AGIS-LT was developed using the method
shown in Fig. 1. There, the EINAU AtSn of classic static type (see the EINAU
image as the AGIM parameter in Fig. 1), was used as an initial model parameter.
The initial model itself is an extension of the EINAU to the EINAUD (AtSb), which
is shown in Fig. 2. Then, the evolutionary relation Web 1.0/ Web 1.0> was used to
obtain the modern structure now the AtSb of the classic dynamic type (Fig. 3). The
final result of the method usage (Fig. 1) (referred to in [2] by the method of AtS
Conceptual Frameworks) is shown in Fig. 4. In addition to the theoretical results
from [30], during the Instantiation/Modernization of AGIM (Fig. 1), the practical
experience of developing the pilot project of the AGIS Cultural heritage (AGIS-CH)
was used [42]. In particular, the domain of inquiry of (physical) reality is replaced.
Instead of (spatial system of) the entities of the material CH, spatial phenomena and
processes of reality (Ph&Pr), which are studied under the jurisdiction of the
organizational structure responsible for the territory, are shown.

Fig. 4 shows five echelons that are called strata from a system perspective.
For a specific AGIS, there are three "own" echelons/strata on which there are
spatial systems such as: AtIS, AtIS* and GIP (geoinformation platform). On the
external Operational echelon EA is shown. On the external Infrastructure
echelon, no SpIS are shown so as not to overload the figure with information
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that we do not need in this article. We hope it is easy to see that Fig. 4
corresponds to Fig. 2, and Fig. 3. The designation “GIP” is used for the Spatial
Data Infrastructure (SDI), which shall exist on the Infrastructure echelon for
each system of AGIS type. We did not use the term GISn here because the
geoinformation platform term is better suited for this subject. Turning again to
the analogy with the base map, we can say that in the Web 1.0* formation it is
necessary not to use separate base maps, but platforms that have to dynamically
connect to spatial systems of the lower echelons.

Other explanations for Fig. 4:

e Development is carried out by phases. The phases consist of stages. The
green and red colors in the AGIS-LT rectangle indicate the elements that are
proposed to be created in the first and second stages of the first phase, respectively.

e “SpaSys” means a Spatial system (SpS) or a Relational space of actuality
modeled using AGIS-LT. In fact, this SpS includes systems of three "worlds":
physical, abstract-physical, and abstract. The abstract-physical world is intended to
describe the SpS that will/can be created in the form of computer systems.

The third arrow from the cloud "Actuality, ..., etc." top-down means that
other information systems of Ukraine already created outside of AGIS-LT
(spatial) information systems (usually referred to as UkrSys) may exist and be
used. For example, these could be NCS (National cadaster system) or arbitrary
AtIS (Atlas information system). This arrow also points to AGIM-LT (see
below), which is an education-scientific component of AGIS-LT.

Actuality modeled/represented by
SpaSys, AGIS-LT, etc.

Notation:
Politician/
Spasys AGIS-LT
2-nd phase -3
anl registry I [ S
Stage 2 of the 1st phase f| |nfrastructure Interaction with AGIS-LT
echelon exte"ﬁ INSPIRE/CIDOC/... ||management ¢ )
1st stage of 1st phase
SpaSys-
Spatial System Infrastructure Target register Provision of
echelon (NSDl IPer’manent record I adminservices
INSPIRE/CIDOC/... @ \ @ @ o /
European projects Arc 't’e“
standards Preliminary record lApplications 5 Q
NSDI - National N Ph&pr AtIS B d
4 e
Spatial Data | i i | / | i i - i i | \/
Infrastructure n R .
Operational ieatiol | = phgpr | [ LT]2tases
echelon _ h&Pr| || pubii ‘{paper and t —
eEistor |e|ectrcni:) I'\)
T J/
Ph&Pr (Ph&Pr) - | t | , GAd
Phenomenaand Operational Object systems and Territorial systems
i data (claim f d data (claim f
processes studied achelon extery a apr&apl: or  an :hl[;r;.m or ﬁ The end

1 I user

Fig. 4. Conceptual structure of AGIS-LT with the notations of the stages of the 1% phase
and user echelons
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“LT atlases (paper and electronic)” are shown outstanding beyond AGIS-
LT, as may include second phase atlases. The atlases of the second and
subsequent phases can be an essential element of the sustainable development
systems of the region, which in this case is the territory domain of inquiry.

e The main elements of the second (and subsequent) phase of AGIS-LT
are the "Interaction with INSPIRE/CIDOC/..." and "AGIS-LT management".
INSPIRE is a well-known regional EU SDI [43]. The CIDOC Conceptual
Reference Model [44] or CIDOC CRM provides an extended ontology for
concepts and information in cultural and museum documentation. It is an
international standard ISO 21127: 2014 [45]. "..." means that there are other
European standards that should be determinative for AGIS-LT.

The first phase of AGIS-LT is the system of recording and protection of spatial
phenomena and processes (Ph&Pr), managed by the responsible organization in
accordance with its provisions. The first stage of the first phase of the AGIS creation
project consists of those shown in Fig. 4 items (bottom-up):

1. "Object systems and data (claim for Ph&Pr)". The object is an information
mapping of the Ph&Pr entity. This element is external to AGIS-LT. It is appropriate
only if AGIS-LT makes significant use of AGIM-LT [30] and the latter includes the
territory's SDI. It can be, in principle, any model of a separate spatial entity of the
territory. The most popular such model is the use of the WGS84 coordinate system for
spatial anchoring of the Ph&Pr. However, it is not yet known in this element whether
the claimed substance is a phenomenon or a process to be studied by an organization
in accordance with its provisions. Perhaps the entity of the object (original) in reality
(actuality) is not a Ph&Pr at this time.

2. "Notification of Ph&Pr". The main difference between the "Ph&Pr
notification" and the "claim for Ph&Pr" is that the notification is an element of
AGIS-LT and is executed, in particular, on a datum controlled topographic map and
corresponds to a known administrative-territorial division up to the address, if any. If
there is electronic pre-recording or permanent recording, then the operator with
verification permission practically immediately sets three options for what it is:
1) Ph&Pr is recorded, 2) Ph&Pr to be pre-recorded and dealt with later, 3) not Ph&Pr.

3. "Preliminary record of Ph&Pr". This is a set of CRUDL (Create, Read,
Update, Delete, List) activities of electronic Preliminary recording of Ph&Pr. In
the AGIS-CH pilot project, this is the Declaration module. It must maintain a
Public register and ensure that the assets are permanently registered. It must be
adapted for use in AGIS-LT.

4. "Permanent record". It is in fact a database of permanently registered
Ph&Pr. To put it simply, only with such Ph&Pr can all other automatic
AGIS-LT operations be performed and perform some automatic data conversion.

5. "Ph&Pr Public Register". It is currently characterized by the Public register
of AGIS-CH and its website [46]. It should be noted that this Public register is an
official “extract” from the Permanent record of the CH. In particular, it is designed to
perform a protective function. Literally, any user must understand that Ph&Pr of the
Public register are protected by a state (or organization managing the territory) and
violation of that protection may result in sanctions.

6. Electronic Atlases of the territory. Here it is proposed to start AGIS-LT
building by creation a dynamic, constantly updated electronic Atlas of the
territory. This Atlas should be extended to AGIS-LT even in the first stage.
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7. Applicationsl. In the 1% stage of the 1% phase this element can be
geoinformation packages such as QGIS, Maplnfo Pro, ArcGIS Pro.

The 2™ stage of the first phase consists of those shown in Fig. 4 items
(bottom-up):

8. "Territorial systems and data (claim for Ph&Pr)". The layer is an
informative reflection of the Ph&Pr field. In other words, this is still the same as
"Object systems and data (claim for Ph&Pr)" with the substitution of
entity/object for field/layer.

9. Provision of administrative services. Accepts different values depending
on the domain/context. The responsible organization, for example, protects the
"entities of the domain of inquiry" from the so-called "stalkers" in the case of the
reserve or the protection of the entities of cultural heritage in the case of the
organization of cultural protection. If a responsible organization exists, we can
now determine the list of administrative services provided by the organization. In
the future, this will include admin services related to the new vision of the territory
management process, for example, scientific research from other institutions (both
national and international) in the territory.

10. Atlases of the territory (paper and electronic). In the 2™ stage of the 1%
phase, this element should be extended with both paper atlases and AtIS.

11. Applications 2. In the 2™ stage of the first phase, a set of applications
should be implemented that realizes the basic functionality of the AGIS-LT for
the Application echelon. In particular, these should be both functional and
cartographic transformations of Infrastructure echelon data for use on the
Operational echelon.

12. Target register. Considering the processes in Ukraine, this register
should be attributed to the 2™ phase and further, as it is likely not to be created
soon. First of all, we have in mind the Draft Law on National SDI, which was
adopted as a basis in the first reading in 2019-Dec-04/05 [47]. A criticism of this
Law is contained in [48], according to which the Law will not work for so-called
protected areas (in INSPIRE terminology).

The Introduction lists all five properties of modern GIS that are called
Critical (CP1-CP5) — those that, in the case of absence in resulting system, will
be among the main reasons for the failure of a GIS project. At the same time [1]
on the example of GIS previously created by abductive inferences, we proved
the criticality of CP1-CP4 for the success of their implementation. In this article,
we justify the Critical property five (CP5):

e In order to solve the problems of managing large territories in modern
conditions it is necessary to create not GISn, but GISb and, in particular, AGIS.

To prove the criticality of CP5, deductive and / or inductive inferences
based on theoretical constructs of Relational cartography are used [2]. In
addition, the criticality of CP1-CP4 for AGIS and, thus, for modern GIS is
further proved. Deductive and/or inductive reasoning is also used for proof. In
general, AGIS is a modern vision of GIS that we define, describe conception
(notion), and give an example of subject. Again, this vision is limited to such
domain of inquiry: spatial phenomena and processes of "large" territory.
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CRITICAL PROPERTY 1 (CP1) IN AGIS: EDUCATION-SCIENTIFIC,
PRODUCTION AND MANAGEMENT COMPONENTS

The conceptual diagram of the AGIS-LT creation process is shown in Fig. 5.
It corresponds to the general scheme shown in Fig. 1. Compared with Fig. 4, in
the right part Fig. 5 shows the Atlas geoinformation model AGIM-LT, which
consists of the GeoSF (GeoSolutions Framework), the AtlasSF (Atlas Solutions
Framework) and Electronic atlases created with AtlasSF that can be used in
AGIS-LT. For example: updated site/atlas of the Nature Reserve Fund
(NRF1+ site, here is an example site for the Kyiv region), updating EINAU to
AtS of the classic dynamic type (EINAU1.0+) etc. It should be noted that
AGIM-LT on the one hand is a method of AtSn (or AGIS) CoFr, on the other —
is a tool that is currently implemented as the so-called Atlas Extender (AtEXx).
Since some elements of AGIS-LT may already exist (for example, a topographic
map of the territory), the creation of AGIS-LT can be called an extension of
several "ordinary" Atlas and Geoinformation systems to GISb of special type —
to AGIS-LT. AGIM-LT elements must be created BEFORE creating the
appropriate AGIS-LT elements. In this sense, AGIM-LT is the education-
scientific component of the AGIS-LT full version. This education-scientific
component is not always shown in the diagrams, but it must always exist.

Atlases

J Spasys AGIS-LT Open ST tender (AtEx)

Infrastructure, Interaction with AGIS-LT
echelon exte INSPIRE/CIDOC/... || management
Infrastructur Target register Provision of
echelon (NSD Permanent record Ldml‘nservices
g $ A
WA r
Preliminary record Applications m A

Ph&P N
g r Mo
i i I rvi I
M o
Operational NetHicat||—smapr (o e F1.0+ ;
echelon on Pul)\'\(REQ'\?tET *ndelectrcni:) .

WA=
Operational sChelon' Object systems and Territorial systems and
external data (claim for Ph&Pr) data (claim for Ph&Pr))

—

Fig. 5. Conceptual scheme of AGIS-LT creation
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Production and management components are parts of AGIS-LT.
Conditionally speaking, at the first phase the production component is the left-
hand column of elements that implement the main process of recording and
monitoring of the Ph&Pr state. It starts with the element "Notification" and ends
with the "Target Register" element. The Target register should interact with the
National Spatial Data Infrastructure (NSDI) and adapt the relevant European
project materials. The management component is the right-hand column of
elements that implement two management processes.

The first management process is the Ph&Pr protecting. It should be
implemented first of all in the project of creation of an AGIS type system. The
second process is called "AGIS-LT management", which is shown as a separate
element in Fig. 4 and Fig. 5. This process consists of many elements. They
should be implemented at the second phase of the AGIS creation project, after
implementation of at least permanent recording of Ph&Pr. The "AGIS-LT
management" process is also covered in the next section.

CRITICAL PROPERTIES 2 (CP2 - ATLAS) AND 3 (CP3 - PORTAL) IN AGIS

Critical property 2 (CP2): Availability of an atlas solution (or Atlas system —
AtS), relatively independent of other elements of the large territory GIS, which
could work offline. The name of CP2 is not very good because it allows for
several interpretations. In the form the "relative independence" of the atlas
solution means that it must be able to work separately from the full AGIS. This
means, in particular, that the atlas solution must work offline when the Internet
connection is disconnected (or lost). When connected to the Internet,
synchronization with the full AGIS must take place and the atlas solution should
work online. In essence, "relative independence" has several meanings related to
the essence of AGIS. Consider the options.

The answer, perhaps, to the main question is — why the ATLAS GIS. This
adjective is included in the GIS class name due to the following chain of
conclusions. The first is the claim that National Atlases (NA) are the simplest,
most complete, well-known, and at the same time, sufficiently developed models
of a country. The datalogical similarity of Ukraine and Switzerland NA was
proved in [49]. Thus, there are similarities also between the NA of Ukraine
versions, created at different times (for example, between EINAU2000 and
EINAU2007). There is also a similarity between the NA of Ukraine and the
model of sustainable development of Ukraine, which is determined by the
Decree of the President of Ukraine Ne722/2019 “On the sustainable development
Goals of Ukraine for the period up to 2030 [50]. This statement follows from
the proof of the similarity between the NA of Ukraine and the balanced model of
sustainable development of Ukraine [30], since the Decree Ne722/2019 model
corresponds to the model of sustainable development in [41]. It follows that the
maps of Ukraine's NA, such as the model of sustainable development, can
correspond (model) to the indicators of sustainable development from [41].

Thanks to such transformations, the NA of Ukraine has the opportunity to
"weigh" each "indicator", since it may correspond to some "indicator" map. We
can get a numerical rating of each indicator map and this estimate will be
uniform for all atlas maps. For a "zero" approximation of the estimate, it is
possible to first "weigh" each map by one number. From individual map
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estimates we can get a numerical estimate of the atlas as a whole. This
assessment will be an assessment of the level of sustainable development of the
country at the time the atlas was created. Thus, a relatively independent atlas
solution in AGIS is required in order to be able to obtain an estimate of the level
of sustainable development at this point in time.

An atlas solution of the AGIS Operational stratum is not enough for normal
operation. In order to be able to analyze both structural and thematic indicators of the
AtIS of the Operational stratum, it is necessary to have an AtIS of the Application
stratum, which will be dynamic for the AtIS of the Operational stratum. In Fig. 4
AtIS’=AtISXALIS was used to designate the AtIS Application stratum. This means that
we can change all the components of the AtIS of Operational stratum while remaining,
however, in the same class of AtIS. For example, we can change the structure of an
AtIS contents tree and move a map from one section to another if the map theme
belongs to a new section. We may, for example, change the method of classifying a
choropleth map if the new method allows us to better model the field of a spatial
phenomenon or process from reality. Spatial information systems of Conceptual
stratum are also needed, among them GIP is important (Fig. 4).

In choosing the best option for prioritizing AGIS over blocks of sustainable
development, two fairly obvious theses were used, which in mathematics are
called theses "from the opposite":

1. All 17 sustainable development goals cannot be simultaneously achieved [41],
although their achievement should improve the economic, social and environmental
aspects of Ukraine as part of humanity and our planet. Moreover, it is not possible
to reach at the same time about 300 indicators [41], which measure the progress
of the 17 target areas.

2. Most of these indicators in [41] are in one way or another related to
economic aspects. Given the real economic situation of Ukraine, these indicators
cannot be prioritized.

However, if you follow these two theses, then what? We will analyze several
options to optimize [41] for Ukraine. The remaining options are shown in Fig. 6.

Each of the selected options should be a multigoal-oriented system
according to [25]. We will not build here a generalization of AGIS using the G.
Klir apparatus. However, with the application of generalization, it is possible to
create a whole-directional AGIS, which will consist of three elements:
generating, seeking and implementing of the goal. The goal seeking element can
be formed by the culture indicators. For this purpose, [41] proposed to extend by
the indicators of culture [30]. The number of these indicators will be relatively
small, but they will determine the characteristics and limitations of achieving the
goal. All other indicators will form a goal implementation element. AGIS will be
applied and developed iteratively, most likely in years. During each iteration, the
main steps of the empirical study, which are shown on Fig. 7.
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SOCIETY

establish good health
and well-being

reduce Inequality

guarantee peace, justice,

SUSTAINABLE
DEVELOPMENT
OF UKRAINE

Fig. 6. Two main options for optimal achievement of goals [41] in Ukraine

It should be said that the approach described above is not so unique. We use
works [51], [52], [53] and others for arguments of this statement. We cannot
focus on the differences between the two approaches. If we consider the
similarities of approaches, then we should point to Fig. 8. There are quite
obvious analogies between Inventory Fig. 8 and elements of Inventory echelon
Fig. 4, between the Spatial analysis Fig. 8 and the elements of the Application
echelon Fig. 4. The analogy between Decision making is a little less obvious and
the elements of the Operational echelon Fig. 4, Management Fig. 8 and the
elements of the AGIS-LT management.

In conclusion CP2 analysis we make three important notes:

1. At the beginning of the CP2 analysis we have described in fact the main
steps of empirical research with the help of the AtIS Operational and then the
Application strata, and so it is possible to continue further with the elements of
the Conceptual stratum.
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Fig. 8. Conceptual diagram of the sustainable development AtIS in [53; Fig. 9].
DSS — Decision Support System

2. The process of managing the sustainable development of a large territory that
is a country is described. This is obviously the case for the unification of countries,
which is the Russian Federation. This is also true of any other large territory. This is
because no one will argue that the territory of Ukraine, the protected area or the
territory of the community must be constantly developed. Perhaps, in this case, only
the AGIS-LT model will be simpler than the model [41].

3. We consider the criticality of the atlas solution to be proven for any
modern GIS of large territory management.

Critical property 3 (CP3): Portal as a means of building GIS in some
broader sense (GISb) with GIS in the narrow sense (GISn) and other elements,
as well as to provide on-line teamwork with all elements-systems. At the end of
the first — at the beginning of the second decade, a project was underway in the
Netherlands, which is appropriate to call the "National Atlas of the Netherlands
as a metaphor for the National SDI". This name derives from the title of the
thesis [54]. To explain the term "metaphor" in the context used [54] indicates
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that designers have long used metaphorical references in user interfaces to
facilitate the understanding and use of content by the latter. Moreover,
familiarity and understandability of the original content are critical when
choosing a new metaphor. And users in many countries are familiar with atlases
because they are most likely to use them in high school.

The following substantiates the idea [55; p. 29] that the map is a metaphor in its
own right, because with the help of the map the cartographers suggest that the reader
believes that points, lines and polygons located on paper (or on the screen) are
equivalent to a multidimensional world in space and time. However, to fully
understand this view, readers should refer directly to the reflected real world.
Following the dissertation [54], several articles [55], [56] etc. were published. They
focused on the identified phenomenon — EINAN as a metaphor for the
Netherlands NSDI. What is important to us is the argument that the authors of this
phenomenon used to prove the need to use National atlases in conjunction with NSDI.

In the context of this article, perhaps the first article on the subject should
not be forgotten [57], which states that in some countries the use of portals to
search for geospatial data sets was the result of the implementation of Spatial
Geodata Infrastructures (SGI). The authors of the article cited highlighted two
disadvantages of existing portals: inappropriate navigation tools and a lack of
supports for users' understanding. Therefore, the article proposes a new approach
to developing portals using atlases as metaphors. It allows you to use the atlas
not only to access a set of thematic maps, but also to find sets of data.

«Within the atlas, an information structure plays an important role in organizing the
content. Metadata published by providers are incorporated into this structure as metadata
summaries. Based upon the topical relevancy of the data, each metadata summary is
linked to a specific map within a particular topic. These summaries can be represented as
symbols to support discovery tasks, either loosely or strictly defined. Browsing can be
used to deal with the first via navigations and map interfaces. Searching can be used to
deal with the second via explorer and search presentation interfaces. ..».

In the previous citation the usage of the portals (geoportals), in particular for
SDI, was taken for granted. However, it should be noted that the issue of
geoportals was discussed in detail, a year or two before. For example, the first
issue of Computers, Environment and Urban Systems in 2005 was devoted to the
issue of geoportals. The articles of the issue described both the causes and the
main features of geoportals.

Among the reasons for the emergence of geoportals were the following:
1) “maturing” of GIS - the transition from GIS of individual groups to corporate,
2) implementation of National SDI, 3) the need to use geoinformatics in electronic
governance, 4) the development of information technologies.

Among the main features of geoportals were: 1) organization of content and
services such as directories, search tools, community information, support
resources, access to data and applications, 2) direct access to application services
and metadata records from regular on-line GIS applications, 3) development of
elements of service-oriented software architectures.

Thus, the appearance of CP3 in the created by us GIS of large territories, is
hardly to say a coincidence. Full confirmation of the criticality of CP3 is
provided in the sources cited above.
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CRITICAL PROPERTIES 4 (CP4 — SOLUTIONS FRAMEWORK)
AND 5 (CPS — CONCEPTUAL FRAMEWORK) IN AGIS

In this section, we first present the conceptual structure of AGIS class system (Fig. 9),
which summarizes all that has been said before, and also includes the CP4 —
Solutions Framework (SoFr). Two SoFr — AtlasSF and GeoSF — are shown in
Fig. 5. The more correct entries are aAGIM (AtlasSF, ...) and BAGIM (GeoSF, ...),
since both tAGIM and BAGIM consist of a much larger number of application and
conceptual SoFr, respectively. We have only shown SoFr that have already been
created and used in any version. These SoFr may be enough for beginning the
realization of some AGIS. In addition, there are also operational and general SoFr. At
the same time, Fig. 5 shows us that each SoFr "works" between the elements of two
adjacent strata, with the main triad of SoFr being Products-Processes-Basics(Products,
Processes), and the usage of SoFr is always performed from the elements of the
epistemically higher to the lower strata.

GeoSF SoFr is derived from ProSF (Project Solutions Framework) SoFr.
ProSF was used in [1] to formulate CP4. It describes the use of ProSF SoFr for
three projects of the so-called French-German Chornobyl Initiative (FGI). At the
beginning of the first decade of the 21* century, we found that the activities of
geoinformation enterprises (geo-enterprises) could be divided into project and
everyday activities. In order to put NSDI into practice in Ukrainian geo-
enterprises, we have adapted ProSF to GeoSF. GeoSF SoFr (standard version —
GeoSF0) was implemented as a portal intended for introduction into business
processes of the geo-enterprise.

Let's explain the abbreviations of the “2-dim AGISb” elements on Fig. 9:

e The letters D, I, U from above indicate the levels: D — Datalogics,
I — Infologics, U — Usagelogics. The letters G, C, A, O on the right indicate
the strata: G — General, C — Conceptual, A — Application, O — Operational.

e XYM, where X=D, 1, U; Y =G, C, A, O; stands for XY M(odel). For
example, DCM stands for Datalogical (D) Conceptual (C) Model (M).

e The structure of “2-dim AGISb” corresponds to the structure of the
Conceptual Framework (CoFr) of Relational cartography [2].

e There are two meanings of M: AGIS and AGIM. Between AGIS and
AGIM there exists relation y (conformsTo).

Unfortunately, Fig. 9 is very ambiguous, but we haven't prepared better yet.
The ambiguities (not all) are:

e If we replace the value M=AGIS with M=AGIM, then we will have the
same conceptual structure, but for the AGIM model.

o The entry AGISy»AGIM means that this relation is valid also between
the corresponding elements of both structures. That is, an AtCy® AtlasSF record
is valid. This entry corresponds to the general scheme of Fig. 1. Moreover, AtS
can be created using AtlasSF.

e Atlas general systems on the right reflect the results of [58] usage. These
results, in particular, argue that, in addition to modeling Object stratum models,
the success of an AtIS or GIS creation project must necessarily metamodel and
create metamodels. These metaprocesses and metaproducts are elements of the
aforementioned higher metasystem of metaAtlS or metaGIS and, at the same
time, Metastratum.
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Fig. 9. Conceptual structure of AGIS class systems

dimensional AGIS

A

e  Writing AGISn in a red rectangle and a green arrow from one-dimensional to
two-dimensional IS means that the former can be converted to the second.

Better to describe CP4 and CP5 we are not able due to the limited size of the
article. Additional evidence for the validity of SoFr and CoFr for a large range of
spatial systems is contained in a monograph [2]. This range of systems includes
AGIS, as these systems are considered in the monograph as AtS (AtSb) class .

CONCLUSIONS

Above, in addition to the abductive reasoning of the [1], inductive and/or
deductive reasoning about the validity of the Critical properties (CP) of
CP1-CP4 in modern GIS of large territories are given. The validity of CP5 is
also given. In the absence of one of the CP1-CP5 properties, we can speak about
the corresponding critical disadvantage of the project of creating GIS over a
large territory. The criticality is that in the absence of a suitable property, the
GIS project is likely to be a failure.

Due to the formulation and proof of CP1-CP5, we believe that: 1) the term “Atlas
geoinformation system” (AGIS) is defined as a GIS of large new-generation
territories, 2) the conception of AGIS is described, 3) an example of AGIS of a certain
class is given. We believe that practitioners will use the results of this article to create
GIS of large territories. Theorists will also gain a better understanding of the next
generation of geoinformatics research that would meet the demands of today. With
this understanding it will be possible to create a geoinformation theory that will
correspond to a "rigid" view of it in [21, p. 58].
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KPUTUYHO BAXJIUBI BJACTUBOCTI CYHACHUX
IF'EOIHOOPMANIMHUX CUCTEM IJIS1 KEPYBAHHS TEPUTOPIAIMU

Beryn. [Tutanns nedininii «reoindopmaniiinoi cucremu» (I'IC) € BaxxiuBUM K 1715 Teopii,
TaKk 1 A TpakTUKU cTBOpeHHs cydacHuX [1C Benwkux TepuTopiif. AHami3 OCTaHHIX
JOCIiJXKEHb II0Ka3aB, IO OLIBIIICTh 3aralbHOAOCTYIHMX Hapasi o3HadeHb [1C He
BIJITIOBI1al0Th TOTpedam cydacHux teputopianbaux ['1C.

MeTo10 CTaTTi € JOBEICHHS TBEPDKCHHS, IO [UIS KEPYBaHHS TEPUTOPLIMH Y CyYacHHX
yMoOBax MaroTh BUKOpHcTOByBatHcs He ['IC y «By3pkoMy» po3yminHi, a ['IC mesikoro HOBOTO
HOKOJiHHS, 30KkpeMa, I'IC y «po3impeHoMy» po3yMiHHI, HAalpUKiIaja, ATIacHi reoiHpopmMaliiui
cucremi (AI'IC), sixi BIANOBIIal0TH NIEBHIM Harepe | BU3Ha4CHiH cTpyKTypi — KoHIenTyaisHOMy
Kapkacy PemnsiiiHoi kaprorpadii.

Pe3yabraTtu. BusnaueHo TepMmiH «ArtiacHa reoinpopmaniiiHa cuctema» sk ['1C
BEJIUKUX TEPUTOPiNi HOBOro HOKOMiHHA. ONHMCaHO KOHIIEMHIi0 ATJIAcHOi reoiHpopMariiHoi
cuctemu (AI'IC). HaBeneno mpuknan AI'IC Bu3naueHoro kiacy. BBaxaemo, o MpaKTHKH
OyIyTh BHUKOPUCTOBYBAaTH pe3yibTaTH Wi€i ctarti y crBopeHHi ['IC BENMKHX TEpUTOPIi.
TeopeTHKH OTPUMAIOTh Kpallle PO3YMIHHS Taly3i JOCTIKEeHb TeoiH()OPMATHKH HOBOTO
HOKOJIIHH, SIKE 3aJI0BONBHATHME BUMOTH CYy4acHOCTI.

BucHoBku. HaBemeno iHOyKTHBHI Ta/abo  JEAyKTHBHI ~ YMOBHBOIU  HIOJO
CIPaBEJIMBOCTI OCHOBHMX BU3HAYECHUX KPUTHYHUX BIacTHBOCTeH B cydacHux I'IC Benumkux
TepuTOpii. 3a BIACYTHICTIO OJHI€] 3 TAaKUX BIACTUBOCTEHl MOXKEMO TOBOPHUTH IIPO
BiJITIOBIIHNN KpUTHYHHUN HeHoiK npoekty crBopenHs ['IC Benukoi teputopii. Kputnunicts
[OJISITa€ B TOMY, IO Y Pa3i BiACYTHOCTI BiAIOBIIHOI BJIACTUBOCTI HPOEKT CTBOPEHHS TaKOl
I'IC naiiimoBipHiIe Oy/ie MPOBAIEHUM.

Knrouosi cnosa: ceoingopmayiiina cucmema, xepysanns mepumopiamu, Konyenmyanonuii
kapkac, Kapxacu piwiens, kpumuuna enacmugicmo.
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