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ANALYSIS OF THE PRACTICAL USE OF GEOINFORMATION SYSTEMS
FOR TERRITORIAL MANAGEMENT AND DETERMINATION OF THEIR
CRITICAL PROPERTIES

Introduction. The practical experience of creation, implementation and operation of
geoinformation system (GIS) for territory management allows to identify their critically
important properties. GIS with critical properties do not fit the conventional definition
because they are more advanced systems. Special attention to critical properties helps to
reduce the risks involved in the development and implementation of such GIS, as well as to
increase the effectiveness of their use for territory management.

The purpose of the paper is to analyze the use of GIS developed by the authors for the
management of large territories and to determine their main critical properties. Critical GIS
properties are being sought to manage territories that: 1) repeat for all such GIS, 2) differentiate
them from conventional GIS, 3) must be taken into account when creating new GIS.

Results. The critical properties that are mandatory also for modern GIS for territory
management are as follow : 1) the availability of education-scientific, production and management
components, 2) the availability of a relatively independent atlas solution, 3) the obligation to use
portals, 4) the need to supplement the territory modeling of their metamodeling.

Conclusions. Abductive inferences after analyzing the practical experience of creation,
implemention and operation of GIS for territory management allow to confirm the presence of
critical properties of GIS. Without any such property, we can speak about a corresponding critical
shortcoming of the GIS project, and this project is likely to be a failure.
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INTRODUGTION
It is believed that the first geoinformation system (GIS) was created by "GIS
Father" — Roger Tomlinson — in the 1960s in Canada for Canada Land

Inventory [1]. That is, GISs have been created and used for various tasks for over
50 years. Over the years, the field of informatics has emerged that deals with
spatial (spatially distributed, spatially coordinated) information. It is called
geoinformatics and is defined as the science, technology and applied activities
related to the collection, storage, processing, analysis and display of spatial data,
as well as the design, creation and use of GIS [2].

One of the most common definitions of GIS is: "hardware-software man-
machine complex providing collection, processing, display and dissemination of
spatially coordinated data, integration of data, information and knowledge about
the territory for their effective use in solving scientific and applied tasks, related
with inventory, analysis, modeling, forecasting and management of the
environment and territorial organization of society”[3]. O. Svitlychny,
S. Plotnitsky [2] provide GIS definitions from several sources. One of them is:
"GIS — is an information system (IS) designed to work with spatial or
geographical data" [4]. IS, in turn, was defined as a set of subsystems that
implement data collection and input processes; their preprocessing; data
manipulation; data and information analysis; generating results.

The definition of GIS from [4] is used de facto in the Russian sector of
Wikipedia, namely: "Geoinformation system (geographic information system,
GIS) — is a system of collecting, storing, analyzing and graphically visualizing
spatial (geographical) data and related information about necessary objects. The
notion of GIS is also used in a narrower sense — as a tool (software product)
that allows users to search, analyze and edit both a digital terrain map and
additional information about objects” [5].

In the Ukrainian sector of Wikipedia, GIS is defined as: "Geoinformation system
is a modern computer technology that allows to combine model representation of the
territory (electronic display of maps, diagrams, space, aerial images of the earth's
surface) with information of tabular type (various statistics, lists, economic indicators,
etc.). GIS also refers to the spatial data management system and its associated
attributes. More specifically, it is a computer system that enables the use, storage,
editing, analysis and display of geographic data" [6].

There are four approaches to the definition of GIS, oriented, respectively,
to: processes, applications, databases, tools [7]. The definition of GIS from [4]
refers to the process-oriented approach. It was a major in the proposed by us
Conception of the multigoal National GIS (NGIS) of Ukraine [8]. It should be
noted that process-oriented definition of GIS is currently the most widespread, at
least in Russia and Ukraine.
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PROBLEM STATEMENT AND RESEARCH METHOD

The process-oriented definition of GIS and the understanding of GIS that it
defines have its advantages and disadvantages. The benefits include simplicity,
universality, relationship with 1S (generalization/specialization) and more.
Unfortunately, the shortcomings of this definition and understanding of GIS
increase over time. This paper addresses the shortcomings that are fundamental
in terms of practical implementation, and are therefore called critical GIS
properties. First of all, our own experience of creating GIS in Ukraine is used for
argumentation. In our opinion, this is more important than finding evidence in
the literature. Moreover, almost all the cited drawbacks are poorly described in
the literature because they are little known due to the lack of development of
geoinformation theory. We emphasize that this lack of knowledge does not mean
that the shortcomings are not fundamental.

Thus, the main method of research is abductive reasoning. H. Miller [9] states
the following compact definitions of abduction, deduction, and induction:
"Abductive reasoning starts with data describing something and ends with a
hypothesis that explains the data. It is a weaker form of inference relative to
deductive or inductive reasoning: deductive reasoning shows that X must be true,
inductive reasoning shows that X is true, while abductive reasoning shows only that
X may be true. Nevertheless, abductive reasoning is critically important in science,
particularly in the initial discovery stage that precedes the use of deductive or
inductive approaches to knowledge-construction”. Three main forms of logical
reasoning are considered in the monograph [10] from the standpoint of the most
general idea of systems. Namely, any system has an input and an output, which are
called influence on the system and its reaction (Fig. 1a).

Yu. Sventek [10] states that the highest degree of uncertainty is
characteristic of abductive reasoning. Abduction occurs when the causal factor
(influence) is to be determined by the reaction of the system and its structure
(Fig. 1b). Abductive reasoning occurs in almost every step of our daily lives. For
example, by measuring the temperature with a thermometer, we do not suspect
that we are using the abduction. Indeed, knowing the system (raising the
mercury column) we conclude that the temperature is rising. In this work,
abduction is used for GIS.

INPUT (INFLUENCE) - System - OUTPUT (REACTION)

a) Most general representation of systems functioning

? - System - OUTPUT (REACTION)

b) Scheme of abductive inferences

Fig. 1. Abduction (b) from the standpoint of the most general idea of the functioning
of the system (a)
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The purpose of the paper is to analyze the use of GIS developed by the
authors and to identify the main critical properties that should be considered
when creating new geoinformation systems.

CONCEPTION OF THE NATIONAL GEOINFORMATION SYSTEM

The concept of the multigoal National GIS (NGIS) of Ukraine [8] theoretically
substantiated the need to solve three main problems when creating such a GIS:

1. Establish a national geoinformatics education-scientific center, modeled on
the US NCGIA or similar centers in Europe. The center was to create a prototype of
the NGIS tool kernel (hereinafter Education/Science NGIS1 — SGIS1), which needed
to address the urgent educational and scientific needs of NGIS.

2. Establish a national center for digital public information (hereinafter
Production NGIS1 — PNGIS1). Implement the three shown in Fig. 2
(sub)systems of the first phase of the NGIS (NGIS1) containing the adjective
"Integrated" in the name. The unusual names of these (sub)systems are explained
by the application of information standards in force in Ukraine at that time,
which lacked the terms GIS and the Automated cartographic system (ACS).

3. Implement the ACS for the needs of the State statistics committee of
Ukraine. This (sub)system corresponds to Fig. 2. Integrated geoinformation
automated management system (hereinafter Management NGIS1 — MNGIS1).

The first phase of NGIS (NGIS1) is, on the one hand, the specialization of
IS, and on the other hand, the specialization of multipurpose IS. IS consists
(aggregates) of five (sub)systems. Writing a (sub)system means that a
component or subsystem can be a component. That is, NGIS1 was determined
according to a process-oriented approach [4]. It is important to note that NGIS1
should already be multi-purpose. It should include systems of goal generation,
goal selection and goal realization. Due to this, NGIS could also be defined as a
system of government, though not in the first place.

The NGIS of the first phase (NGIS1) was the IS specialization, consisting
(aggregating) of five (sub)systems. The record a “(sub)system” means that the
constituent may be a system or a subsystem. That is, NGIS1 was determined
according to a process-oriented approach [4]. It is important to note that NGIS1
should already be multi-purpose. It should include systems for the generating,
seeking and implementing of the goal. Due to this, NGIS could also be defined
as a country management system, though not in the first place.

The first necessary property of NGIS was the presence of educational-
scientific, production and management components. The components of this
triad are shown in Fig. 2 by ellipse in green color. The absence of one of the
three components of the triad is considered critical for large territorials GIS. The
presence in the GIS of the indicated triad of systems is referred to as Critical
property 1 (CP1).

Finally, one of the elements of NGIS1 — Production NGIS1 (PNGIS1) —
was aggregated through three production systems. It is important to note here
that the terms SDTS, SAIF, DX90 and DIGEST meant the most advanced
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Fig. 2. The first phase of NGIS. The UML class and relation designation is applied
to the systems

standards for the presentation and exchange of spatial data at that time. Instead
of these standards, there is now an ISO 19100 series "Geographical
information/Geomatics" and its partial adaptation for Ukraine [12].

RADIOECOLOGICAL GIS AS A ECOLOGICAL MANAGEMENT SYSTEM

Practical evidence of CP1 correctness was obtained in 1997-1999 during the
development of the first national GIS in Ukraine. It was called the
Radioecological GIS (RGIS) and belonged to the class of (geo-)information
systems of ecological management (ISEM or GeolSEM, Fig. 3). Designed to
support decision-making of the 1986 Chornobyl NPP (ChNPP) accident
minimization activities for the territories of 12 of Ukraine's 25 oblasts.

The first phase of the system - GeolSEM Management component (shown
on the right in Fig. 3) — was commissioned in 1997 at Department of
Population Radiation Protection (DPRP) of the Ministry of Ukraine for
protection of population from the consequences of the Chornobyl accident
(MinChornobyl Ukraine). It was called "Information support system for DPRP
activities" and was abbreviated as RadEco (RadioEcology). The goals of
creating RadEco are planning, coordination and control of works on minimizing
the consequences of the ChNPP accident using radiological control and
monitoring of data, as well as cartographic information.
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Fig. 3. Structure of GeolISEM/RGIS
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In 1998-1999 the second phase of GeolSEM: Production component
(shown on the left in Fig. 3) and Integrated distributed DBn (shown in the
middle in Fig. 3) was developed and put into operation. The integrated
distributed DBn has combined diverse information related to the DPRP activities
to minimize the effects of the ChNPP disaster. Shown in Fig. 3 "Ecosystem
status maps" have become the prototype and main source of the Atlases of
radioactive contamination of Ukraine described below.

Note that in Fig. 3 are shown two components of the selected in Fig. 2
triads: production and management. We did not tailor Fig. 3 under the modern
views and critical properties of GIS, which are described in this article.
However, we must say that the Integrated Distributed DBn is an element of the
production component, and the scientific and educational component is not
shown in Fig. 3. In fact, it existed and was very essential for the creation and
operation of the RGIS. After all, many scientific institutes of Ukraine took part
in minimizing the consequences of the ChNPP accident. Even a simple listing of
their results used in the RGIS will take up a lot of space.

Below we take a closer look at the RGIS management component and the
Integrated distributed DBn — a part of the production component that could or may
not be included in the management component. The production component in full
(Fig. 3) at the time seemed fairly standard. It is only with time that we have realized
that its main essence — determining the state of an object that simulates the
investigated spatial entity in an information system — corresponds to a certain, well-
defined process. In this process, irrespective of the context, there are duplicate
checkpoints such as: request, notification, pre-accounting, permanent accounting
(registry), status monitoring. In addition, we later realized that the objects at certain
control points form systems whose relational properties between the objects of the
same state and the different states have yet to be explored.

Due to article size issues, we also neglected the Support Immediate Solution
modules (Fig. 3), which were developed in RGIS only as prototypes. They are
included in the RGIS as the results of the Ukrainian-Canadian Chornobyl GIS
project, which was implemented in two phases [13], [14]. From the viewpoint of
modern views, the management of large territories cannot be done without
taking into account the impact of emergencies. Emergencies such as wildfires,
floods, technological, etc. take place in almost all "large" territories.

Key features of RadEco system. The RadEco system was intended for
informational support of the basic business processes of DPRP, as well as to
support strategic decision-making in planning and implementing long-term
impacts on ecosystems. From the viewpoint of the goal approach to the analysis
of management functions, a hierarchical decomposition of functions was
performed, based on the main goal of management, and such decomposition is
closed to the end result of the activity with a description of all sections in the
chain: goal — means — result — criterion (Fig. 4).
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Fig. 4. Decomposition of DPRP activity goal
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To achieve the goal, the following measures were implemented
(for territories, premises, water bodies, products, people): inspection,
maintenance of the radiation control system, issue of measuring instruments,
maintenance of a database of observations, development of recommendations,
development of laws and regulations, implementation of recommendations,
evaluation efficiency of the conducted actions.

RadEco provided:

e improving the efficiency of organizational management procedures in the
planning, coordination and control of work that is within the competence of the DPRP;
improving the use of radiological control and monitoring data, increasing the
completeness of the assessment of the ecosystems status of the contaminated area in
order to improve the planning of countermeasures to minimize the negative impact
of radioactive contamination of technogenic origin;

o use of digital mapping material (maps, map layers, thematic maps) as a
means of qualitatively assessing the situation based on all system data having a
spatial component.

RadEco implements a set of interconnected functional complexes of tasks
(FCT) based on common internal components, unified approaches to obtaining,
processing and presenting data, using a unified information base. RadEco is
implemented in a multicomponent architecture and is capable of operating in a
corporate and local version using Informix or Access DBMS. From the
viewpoint of the tasks to be solved, RadEco distinguishes subsystems:

e GeoProjector — implements management functions; automates the
formation and accounting of the implementation of the annual Work Program to
minimize the consequences of the Chornobyl disaster by sections that fall within
the competence of the Management, planning and control of the implementation
of works, contracts within the Program.

e GeoBIS — implements production functions of access, processing and
analysis of radiological database information; ensures the provision of
generalized and detailed information on radioactive contamination at the level of
the settlement, district, and oblast; provides the ability to create combined
ecosystem status reports. GeoBISc — corporate version, GeoBISd — desktop
version, BIS — Base Information System.

e GeoBank (Spatial DBn) — organizes available digital mapping
materials in network-wide repositories; provides selection and modification of
mapping data based on structured metainformation; provides the possibility of
forming complex maps of the territory using specialized thematic layers.

o GeoView — designed for effective spatial data management: managing
the spatial DBn; collecting all operations on mapping objects into a single
interface, regardless of the mapping tools used (Mapinfo, MapX, MapObjects,
ExcelDataMap, ArcView).

e Geolntegrator — implements receiving into databases of the system and
transfer of external data in arbitrary formats of relational DB. Included in the
RadEco management system when needed.

All subsystems provide data export to MS Word document formats, MS Excel
spreadsheets and charts, external databases visual formation and execution of regular
and spatial queries to the system database, presentation of query results in tabular,
graphical and cartographic forms using thematic mapping tools.
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Fig. 5. Access interface to GeoBank (Cartographic DBn, GeoView)

Integrated ecological databank. The integrated ecological databank
contains unit measurements and aggregated data on environmental and regional
contamination and consists of the following databases: 1) Environmental load on
humans; 2) Contamination of settlements; 3) Contamination of farmlands;
4) Contamination of forests.

In the subsystem of ecological data integration (Geolntegrator) in DPRP the
following functions on processing and reception in a DB of spatial data were
executed in the automated mode:

e obtaining data from a representative of the provider of data to the DPRP
of MinChornobyl;

¢ logging data in the logging log and saving a data diskette;

e geocoding the data provided. The geocoding process of the data was
performed in order to link the data provided with the identifiers of the
observation objects (settlements, collective farms, fields, etc.) of radiological
and topographic databases for further processing);

e calculation of average, minimum and maximum values, calculation of
quantitative indicators (data aggregation);

e detection and "screening™ of erroneous data;

e input and import data into the Integrated ecological databank.

GeoBank (Spatial or Cartographic DBn) is associated with the Integrated
Ecological Databank, which consists of databases: 1) contamination, 2) land use,
3) land tenure, 4) topographic. This databank is used for the accumulation, storage in a
systematic form, the use of information products that came from external sources or
created using their own software (cartographic systems, tools for the preparation of
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maps and maps schemes the like). GeoBank's fields of application are activities related
to the use in the production and management practice of information products in the
form of maps, maps schemes, etc. to work with data that is spatially linked
(in particular, data from the Integrated Ecological Databank) Fig. 5 shows the access
interface to GeoBank (Cartographic DBn).

GeoBIS subsystem. The production component of RGIS was implemented by
the GeoBIS subsystem. Its main function was to formulate and execute standard and
arbitrary queries to radioecological databases and present results in tabular, graphical
and cartographic forms. A combined ecosystem status report was one of the possible
outcomes of GeoBIS. It is obtained as a sequence of requests to the Integrated
ecological and the Spatial (Cartographic) databanks.

Solving the task of preparing a combined report, spatial queries were created
(or saved queries were used), the desired settlements were selected from the
hierarchical lists or from the map. Query results were exported to MS Word,
MS Excel office products. Thematic maps (using cartographic system Maplnfo)
were built on the basis of individual requests. All results were collected into an MS
Word document that contained a combined environmental report of the selected
settlement (settlements). A similar problem could be solved for the preparation of
combined reports by district and oblast. Fig. 6 shows an example of a request for
data from the Integrated ecological DBn. Fig. 7 provides an example of a combined
report: Fig. 7a — diagram of the changing the content of cesium-137 in milk in the
settlement Ignatpil by years; Fig. 7b — thematic map. Observation of the Zhytomyr
oblast districts (humber of cesium samples in milk, 1997); Fig. 7c — Thematic map.
The estimated dose is total for the settlements in the vicinity of the settlement
Ignatpil in 1997. Graphic representations of the combined report are compemened
by the table data as in Table 1.

GeoProjector subsystem. The GeoProjector subsystem was part of the RGIS
management component designed to support strategic decisions. The DPRP
Regulation provided for the performance of management functions, including the
formation and control of the implementation of the Program of works to minimize
the consequences of the Chornobyl disaster for a year. The Program of works was
the main document for the implementation and control of works on the
implementation of long-term impacts on ecosystems.Automation of management
processes was performed through functional complex of tasks (FCT).

Such complex in RadEco system was a formalized set of actions
(operations) of the system, the execution of which leaded to the certain result.
FCT operations were performed on system data that were defined when
configuring user access rights to data and operations.

Typically, a specific system user performed one or more logically linked
FCT. The main FCT were: financing of works; support for the system of
radiation control; planning the works on clarification of radiation status;
accounting for works on radiation monitoring equipment; accounting for
radiation monitoring support works; planning and accounting for agricultural
and forestry radiology works.
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Fig. 6. Query execution to Integrated ecological DBn

a) b)

c)
Fig. 7. Examples of the combined report for the districts of the Zhytomyr oblast and for the
settlement Ignatpil (data from the Integrated ecological DBn).
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Table 1. Number of cesium-137 samples in milk in 1997 in Zhytomyr oblast districts (data

from the Integrated ecological DBn; translation from Ukrainian)

District Measurement class Number of samples Year
Volodarsko-Volynsky cesium-137 in milk 80 1997
Yemilchynsky cesium-137 in milk 1566 1997
Korostensky cesium-137 in milk 1359 1997
Luhynsky cesium-137 in milk 850 1997

c. Korosten cesium-137 in milk 20 1997
Malinsky cesium-137 in milk 1044 1997
Narodytsky cesium-137 in milk 875 1997
Novograd-Volynsky cesium-137 in milk 430 1997
Ovrutsky cesium-137 in milk 2410 1997
Olevsky cesium-137 in milk 1010 1997

Each item of the Program of works provided the set of works, specific
contracts, contractors and funding. It was possible to create a new Program, add
a section or item, and edit the Program. The distribution of funding under the
Program was carried out separately. This distribution could be done either
manually or automatically. The system issued reports on the Program in the form
of MS Word documents, ready for approval: a general report on the Program,
decryption of expenditures by sections and items by recipients of funding and by
oblast (decryption was performed on the basis of the work entered).

ATLASES OF RADIOACTIVE CONTAMINATION OF UKRAINE

Critical property 2 (CP2) is formulated as “Availability of the atlas solution
(or Atlas system — AtS), relatively independent from other elements of the GIS
of a large territory that could operate offline”. In the period from 1996 to 2005,
several atlases and atlas information systems were developed, which made it
possible to formulate CP2. Below, due to volume problems, only one atlase
solution is briefly described.

The Atlas of Radioactive Contamination of Ukraine (RadAtlas) was issued
four times in 2002, 2008, 2011, 2014 in two versions — paper and electronic, in
two languages — English and Ukrainian. The structures and contents of these
editions are consistent and complementary.

The first version of RadAtlas was made under the conditions when some time
after the Chornobyl disaster elapsed and there was a need for a publication that
would give a general idea not only about the fields of formation of radioactive
contamination, but also about the impact of ionizing radiation on human health and a
wide range of medical, demographic, social and economic consequences of the
Chornobyl disaster. Generalization of information not only about radioactive
contamination of the territory by radionuclides, but also information about medical,
social and economic aspects of the Chornobyl disaster was based on the latest
author's developments and researches, data and materials accumulated over the years
by leading institutions and organizations of Ukraine (including scientific institutes)
in the field of radioecological monitoring.
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Fig. 8. Map of radioactive contamination zones from RadAtlas electronic version,
2nd edition (2008, ukr)

The paper version of the atlas was published in 2002, 2008, 2011 as an
A3 album with a total volume of 52 pages. The atlas contains four sections,
which include 40 maps and schemes, texts, graphs and diagrams. The maps are
submitted to the territory of Ukraine in scales from 1:2.5 million to
1:12 million, for some territories the scale is increased to 1:100 thousand withthe
inclusion of ActiveX components, containing interactive maps, texts, graphs and
diagrams, tabular information (Fig. 8).

RadAtlas 2011 was issued only in a three-language (Ukrainian, Russian,
English) paper version. RadAtlas 2014 is only available in English in electronic
version. It can be viewed at the link [15].

GEOINFORMATION PROJECTS OF THE FRENCH-GERMAN CHORNOBYL INITIATIVE

In 1998-2003, three projects of the French-German Chornobyl Initiative (FGI) were
implemented: Safety of sarcophagus (6 Sub-Projects) [16]; Radioecological
consequences of the Chornobyl accident (9 Sub-Projects) [17]; Medical effects of
the Chornoby! accident (10 Sub-Projects) [18].

More than 20 scientific and research institutes and organizations of Belarus,
Russia, Ukraine, France and Germany participated in the creation of databases.
As a significant number of Sub-Projects also consisted of Belarusian, Russian
and Ukrainian units, the actual number of "thematic" Sub-Projects was 52.
In addition to the thematic Sub-Projects, in each of the Projects 1-3 were also
integrated Sub-Projects, and the Coordination project was completed. In addition
to the large number of Sub-Projects, the situation was compounded by the fact
that individual thematic databases had to create specialized institutions for each
topic in Belarus, Russia and Ukraine with very different experience in
developing information products.
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All three Projects used geoinformation products: ArcView — in Project 1,
Maplnfo Professional — in Projects 2 and 3. Moreover, Project 1's database was
developed on ArcView as a "highly" integrated system, and in Project 2 there
was a special Sub-Project 0, the purpose of which was to provide the spatial and
administrative-territorial bases for the radioecological Sub-Projects 1, 2, 3a, 3b,
3¢, 3d, 4 and 5 of Project 2.

In order to coordinate the development of such a large number of
information products (mainly databases), to ensure control and preservation of
results, two main ideas of the Coordination project were put forward:

1. Apply the notion of a weak integrated information system to the
organization of the results and materials of the Projects, using the notion of not a
classical information system, but of an information system in a broader (wide)
sense. At the same time, the authors of this idea were well aware that it is
impossible to create a highly integrated (classical) information system, in the
conditions of the already planned FGI.

2. To find or create a set of tools that would simplify and unify the
development of information products of each Sub-Project, as well as ensure
effective management and coordination of development at the level of each Project
(ie, Sub-Projects of Projects 1, 2 or 3), and at the level of the FGI in general.

The information system in the broader sense (ISh) is called "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" [19]. The information system in the narrow sense (ISn or classical 1S)
is called "Computer-based subsystems, intended to provide recording and supporting
services for organizational operation and management" [19].

It should be noted that the use of the notion and tools of the information
system in a broad sense was forced measure. At the beginning of the FGI, such a
system was not planned to be developed, but the problem of a large number of
Sub-Projects and data forced management to start this development already
during the implementation of the FGI.

Several ISb have been developed in the FGI Projects. Initially, simple
desktop ISb REDAC1W, REDAC2W, ChlIS-FGI1 were created based on
HTML for "weak" integration of project results and materials. Here, REDAC
stands for RadioEcological Database After Chornobyl, a system for monitoring
and accessing the results and materials of Project 2 of FGI, ChlIS-FGI stands for
Chornobyl Internet/intranet Information System. The letter W in REDAChW,
n =1, 2, 3, had two meanings: Wide (or Broader), to identify the type of
information system and Weak, to identify the approach of integration.

The analysis of the results of the FGI Projects substantiated two more critical
properties of GIS. Critical property 3 (CP3): Portal as a means of building GIS
in some broader sense (GISbh) with GIS in the narrow sense (GISn) and other
elements, as well as to provide online teamwork with all elements-systems.
Critical property 4 (CP4): GIS of large territory must have a metasystem
extension, which in turn 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.
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Fig. 9. Simplified structure of the (G)ISb ChlIS-FGI2

Critical property 3 (CP3). At the end of the FGI, it was decided to provide
Internet access to the "weak™ integrated (G)ISb REDAC2W and ChlIS-FGI1. To
implement this idea, a dedicated 1SGeo TripleNet Software Suite (ISGeoTriNet)
portal software was created to develop the (G)ISb REDAC3W, HEDAC (HEalth
Database After Chornobyl — control and access to the results and materials of
FGI Project 3) and ChlIS -FGI2.

A key feature of our portal (G)ISb is the availability of a metadata database
that describes portal content, helps you work with portal materials through the
Web interface, and describes the relations between system elements.
A simplified symbolic structure of the (G)ISb ChlIS-FGI2 is shown in Fig. 9.

The ChlIS-FGI2 portal part is shown in Fig. 9 in the middle, provides
control and access to poorly integrated databases and file repositories (libraries)
Publications, Products, Processes, Fundamentals, and Services (see Fig. 9 on the
left). External users were required to log in to receive Reader or Author rights.
Only internal users could obtain Coordinator group rights.

There was an "enhanced" approach to integration. For this purpose, portal
structures such as Electronic dashboards, Web-modules and Portlets were used.
For example, Web-modules were implemented such as Template — to create
documents according to the selected template, and Pattern — to create groups of
documents that are joined by certain logic, such as the management process. An
example of Portlet is Wintegration (Weak Integration), which implemented two
mechanisms of weak integration: establishing relations between documents and
assigning a document to a specific category.

Critical property 4 (CP4). The result of implementation of the 2" idea was
the Project Solutions Framework (ProSF), which model is shown in Fig. 10.
Here, the Products-Processes-Basics(Products, Processes) are called the main
Solutions Framework (SoFr) triad.

In FGI Projects, this model had two implementations: 1) in the form of
regular operating system directories containing sample files (version 1),
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Fig. 10. Solutions Framework (ProSF) Model. The arrows show the usage relation

2) a version 1 file structure, supplemented with a metadata database and
specialized portal software, 1SGeoTriNet, which supported as creation of file
structure and description of project results and materials, as well as authorized
search and access of users through the portal (version 2).

The Publications package contains samples and templates: website,
presentations, paper publications, demo versions of project results (products).
Assigned to communicate with the project's external environment. Products package
includs samples and templates: databases, maps, software, reports; their descriptions
and metadata; operational documentation. Assigned for project product developers.
The Processes package contains samples and templates of the project's business
processes: requirements management, planning, survey, quality control, and
configuration management. Assigned for project management. The Services
package contains 1SGeoTriNet specialized portal software, ProSF operational
documentation, as well as samples and templates: training materials, metabases,
product decoration elements, electronic and paper product repositories. Assigned for
administrator, documentary and/or user training specialist. The Basics package
contains global information resources for the project: a glossary, data dictionaries,
classifiers, a base map, a geo-object database. Assigned (element by element) to all
project participants. Supported by architect and project management.

The implementation of the described ProSF implementation made it
possible to integrate the results and materials into an information system in a
broader (wide) sense and, at the same time, into a weak integrated desktop and
portal information system. Portal information systems are characterized by the
presence of a metabase that describes portal content and helps to work with this
content through the Web interface. In the portal version, the degree of data
integration was "enhanced" compared to the desktop version.
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Fig. 11. Results of the ProSF Framework application to Projects 1-3 of FNI:
REDAC3W, HEDAC and ChlIS-FGI2 (combining REDAC3W, HEDAC and
Project 1 results and materials)

The Solutions Framework ProSF (Fig. 10, 11) was systematically used in the
Coordination Project (also called Project 0) one year after the start of the FGI and
the time before the initiative was over sufficient to monitor the results of each
Sub-Project. The unification of the presentation of results, the use of the ProSF,
have created the preconditions for organizing materials into a (geo)information
system in an broader sense or weak integrated (geo)information system, with two
versions: desktop and portal.

Here we must admit that in our practice there were projects of large territory GIS,
for which the concept of scientific intensity was poorly applicable. This is, for
example, the GIS of a national mobile operator. The development was carried out on a
clear technical specification and the scientific intensity of this GIS was small, so, for
example, in CP1 there was no educational-scientific component. However, for
territorial projects of cultural and natural contexts, all critical properties are valid.

CONCLUSIONS

The defined four critical properties (CP) are valid for modern GIS and
follow from our experience. They are:

e CP1. Availability of educational-scientific, production and management
components in each GIS of a large territory.

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 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
online teamwork with all elements-systems.
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o CP4. GIS of large territory must have a metasystem extension, which in

turn 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 the absence of any such property, we can speak of a corresponding

critical shortcoming of the GIS project, and this project is likely to be a failure.
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AHAJII3 [TIPAKTUYHOI'O BUKOPUCTAHHS FTEOTHOOPMALIIMHUX CUCTEM
JJI TEPUTOPIAJIBHOI'O KEPYBAHHS TA BUSHAYEHH
IX KPUTUYHNX BIIACTUBOCTEUN

Beryn. [IpakTudHuii JOCBiL CTBOPEHHS, BIPOBAPKEHHS Ta eKCILIyaTalii reoindopmariinux
cucreM (I'IC) mist KepyBaHHS BEIMKAMH TEPHTOPISIMH YMOXKIIHUBIIFOE BUALIUTH iX KPUTHYHO
BaxyuBl BnactuBocTi. ['IC 3a HasBHOCTI KPUTHYHHMX BIJIACTUBOCTEH HE BIINOBINAIOThH
3araJbHONPUMHATHM BH3HAYCHHSM, OCKIIBKM BOHH € PO3BHHYTIIIUMH CHCTEMaMH.
IIpupineHHss 0cOOIMBOT YBark KpUTHYHAM BIIACTUBOCTSIM JIA€ 3MOTY 3MEHIIUTH PH3UKHU Iif
yac po3poOJeHHs Ta BrpoBampkeHHS Takux [1C, a TakoX MiABUIIMTH €(EKTUBHICTH iX
3aCTOCYBaHHS JUIsl KEPYBAHHS TEPUTOPISIMU.

MeTow po0OTH € aHalli3 BUKOPUCTAHHsS po3pobieHux aBTopamu ['IC amst kepyBaHHS
BCJIMKUMHU TEPUTOPISIMH Ta BU3HAYCHHS 1X OCHOBHUX KPUTHYHUX BJIACTUBOCTEH.
Bimmykyrorecst  kputuuHi  BnactuBocTi  [IC  myis  KepyBaHHS — TEpUTOpPIsIMH,  SIKi:
1) moBToproroTecs s Beix Takux 'IC, 2) BimpisHsaoTh ix Bin 3sudaitaux I'IC, 3) moBuHHI
000B’s13KOBO BpaxoByBaTHCs i yac cTBopeHHs: HoBux ['IC.

PesyabTaTu. Bunineni taki KpUTHYHI BJIACTHUBOCTI, SIKi € HEOOXITHUMHU TaKOX 1 Juis
cydacuux I'IC mis kepyBaHHS TepHTOPisiMU: 1) HasIBHICTH y4OOBO-TPAKTUYHOI, BUPOOHUUOI
Ta YIPAaBIIHCHKOI KOMITOHEHT, 2) HasBHICTh BIIHOCHO HE3aJIC)KHOTO ATIIACHOTO PillIeHHS,
3) 000B’SI3KOBICTh BHKOPUCTAHHS IMOPTANiB, 4) HEOOXIMHICTH MOMOBHEHHS MOJETIOBAHHS
TEPUTOPIH TX METAMOJICITFOBAHHSIM.

BucHoBku. Ilicnsg aHamizy MOpakTHYHOTO JOCBiy CTBOPEHHS, BIPOBADKCHHS Ta
excrutyaranii ['IC jyis xepyBaHHS TEpUTOpPISIMA a0JyKTHBHI YMOBHMBOIM [JAlOTh 3MOTY
CTBEP/KYBaTH HasABHICTh KpuTH4HUX BiactuBocTeil I'IC. 3a BigcyTHOCTI Oyab-sKoi Takoi
BJIACTUBOCTI MOXKEMO TOBOPHUTHU IPO BIANOBIAHMN KpuTHuHHW Henonmik npoekty ['IC i e
IpOEeKT Oyzae HalliMOBipHillle IPOBAILHUM.

Knrwwuosi cnosa: ceoinopmayiina cucmema, KepyeaHHs mepumopisimu, npocmoposi OaHi,
abOyKYis, KpUMUYHA 61ACIMUBICIND.
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AHAJIN3 ITPAKTUYECKOI'O UCITOJIb3OBAHMA TEOMH®OPMAIIMOHHBIX
CUCTEM JJIS1 TEPPUTOPUAJIBHOI'O VIIPABJIEHVA 1 OIIPENEJIEHUE UX
KPUTHYHNX OCOBEHHOCTEU

Beenenue. Ilpaktuueckuii onbIT co3manus, BHeApeHus u skciuryarauuu [WMC it ynpasieHns
OOMNBIIMMHI TEPPUTOPHSMU TO3BOJISIET BBIICNIHTh MX KPUTHYECKH BakHble cBoiictBa. [C c
KPUTHYECKUMH CBOHCTBAM HE COOTBETCTBYIOT OOLICIPHHSTHIM ONpEIENeHUsM, OCKOIBKY OHH
SIBIISTFOTCS OoJiee pa3BUThIMU cucTeMaMu. Oco00oe BHUMaHKE K KPUTHYECKUM CBOMCTBAM TI03BOJISIET
YMEHBIIHUTH PUCKH TIpU pa3paboTke U BHeApeHnu Takux [ MC, a Takke nmoBbICUTh 3()(PEKTUBHOCT
MX NPUMEHEHHUS JUTS YIPABIICHHS TEPPUTOPHSAMU.

Heab cratbm — aHaNM3 KCIONB30BaHUS pa3paboraHHbix aBropamu [UC mns
yHpasieHus: OOJbIIMMH TEPPUTOPUSAMH U OINIPEe/ICHUE UX OCHOBHBIX KPUTHYECKUX CBOWCTB.
OteickuBaroTcst Kputudeckue cpoiictBa [MIC mns ympaBneHuss TEpPUTOPHSIMHE, KOTOPHIE:
1) noeropsitorest i Beex takux [MC, 2) ommuaror ux ot o6sruabix [UC, 3) momkHBI
00513aTeNIbHO YYUTHIBATHCS ITpH co3naHuu HOBbIX [HC.

PesyabTaThl. Bhinenensl ciieayiomuye KpUTHYECKHE CBOMCTBA, HEOOXOAMMBIE W IS
coBpemennbix [MC s ympasienuss tepputopusimu: 1) Hanmnuue y4eOHO-TPaKTHIECKOM,
MPOU3BOJCTBEHHOW W YIPABJICHYECKOH  KOMIIOHEHT, 2) Hald4ue OTHOCHUTENHHO
HE3aBHCHMOIO aTJIaCHOTO pCIICHHs, 3) 00s3aTeNbHOCTh HCIOJIb30BaHMs IIOPTAIIOB,
4) He0OXOMMOCTh JOTIOJHEHHUS MOJICIMPOBAHUS TEPPUTOPUI UX METAMOICITHPOBAHHUEM.

BoiBoapl. Ilocine aHamm3a MPaKkTHYECKOTO ONBITA CO3MAHMS, BHEIPEHHS H
skcrutyaratmd  [TVIC  ans ynpaBiieHHS TEppUTOPUSIMH  aOJyKTHUBHBIE —YMO3AKIIOYCHUS
TO3BOJISIIOT yTBEP)KIATh O HAJHYMU ONpENeNIeHHBIX KpHuThueckux cBoiicts ['MIC. Ilpm
OTCYTCTBHH JHOOOT0 TaKOrO CBOHCTBA MOXEM T'OBOPHTH O COOTBETCTBYIOIIEM KPUTHUECKOM
Henocmamie npoekma I'HC u smom npoexkm 6ydem ckopee 8ce20 NPOGATbHbIM.

Knioueevie cnosa. ceounopmayuonnas — cucmema, Ynpagiewue — meppumopusmu,
npocmpaHcmeenuvle OanHble, AbOYKYUsl, KPUMuieckoe C80UCMeo.

26 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 2 (200)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


