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INTERACTIVE MAPS OF POTENTIALLY DANGEROUS OBJECTS OF UKRAINE:
PROBLEMS OF DATABASE CONSTRUCTION AND VISUALIZATION

This article uses the notion of extended cartographic interactivity, which was first discussed in [1]. There it is proposed to
extend the interactivity that is understood in subject and classical cartographies as a complement to the representation by
maps the spatial entities and phenomena of the real world. The extension is based on the understanding that modern reality is
much more effectively modeled not by a separate map, but by a system organized in the epistemological hierarchy of spatial
information systems (SpIS). Cartographic interactivity in this modeling is not a simple complement to representations, but
the very important elements of the SpIS constituents. SpIS constituents are related to one or another stratum of knowledge in
the hierarchy of SpIS. As a consequence, cartographic interactivity is an important element of the system map model (SMM),
which is the core of the hierarchical SpIS system being created.

The theoretical part of this article first briefly discusses the notion of a map model (MM). After a short introduction to the
issues of MM, its current state is fixed. Accordingly, it is stated that in practice there are currently conceptual and physical
MM. This situation is problematic, since there are virtually no theoretical and logical MM in the SpIS creation. In the absence
of theoretical MM, the practically used conceptual and physical MM are not optimal. And because of the absence of logical
MM, conceptual and physical MM are poorly matched. Therefore, when creating new SplS, developers are forced virtually
every time to start development from scratch - to create all the necessary MM. In order to solve the problems of the absence of
theoretical MM, the first approximation to a more economical and correct decision is made - a SMM based on the Conceptual
Framework of the Relational Cartography is given. It is the construct that should fill the gap between the theory and practice
of using the MM.

The practical part of the article shows how the first SMM approximation is used in the construction of interactive maps of
potentially dangerous objects in Ukraine. The constructed maps will explain how to use the extended concept of cartographic
interactivity and, thanks to the first approximation of SMM, allow you to determine the relation between the maps and the
SpIS of the lower hierarchical strata. The results obtained allow us to outline the problems of database construction and
visualization, which derive from the extended cartographic interactivity.

Keywords: cartographic interactivity;, map model; relational cartography,; database construction and visualization,
interactive maps of potentially dangerous objects in Ukraine.

J1. PydeHko, B. YabaHrok, B. lModeolicbka, M. BuwHs
IHcTUTYT reorpadpii HAH Ykpainu

IHTEPAKTUBHI KAPTU MOTEHLIAHO HEBE3MNEYHUX OB’EKTIB YKPAIHU: MPOBNEMU ®OPMYBAHHS BA3 JAHUX TA iX
BISYANI3ALIT

V wiif cTaTTi BUKOPUCTOBYETHCS MOHATTS PO3MINPEHOI KapTorpadivHoi IHTepaKTHBHOCTI, Ky BIIepIle po3mistHyTo B [1]. Tam
3aIPOIIOHOBAHO PO3IIUPUTH IHTEPAKTUBHICTD, L0 PO3YMIETHCS y IPEAMETHUX 1 KIIACHYHUX KapTorpaisx sk JOIOBHEHHS 10
IPEICTABICHHS 3a JOIIOMOTOI0 KapT IPOCTOPOBHUX CYTHOCTEH 1 sIBUIL peabHOTO CBiTY. Po3mmpenHs 6a3yeTbest Ha pO3yMiHHI
TOTO, IIO Cy4acHy pealibHICTh Ha0arato e(eKkTHBHIIE MOJEIIOBATH HE OKPEMOK KapTOK, a CHCTEMOK OpPraHi30BaHHMX
y emicTeMoJIoriuHy iepapxito mpocropoBux iHpopmamniinux cuctem (IIpIC). KaprorpadiuHa iHTEpaKTUBHICTh Y LIBOMY
MOJIETIOBaHHI € He TPOCTHMH JOIIOBHCHHSIMH JI0 PE/ICTABIICHb, a {y’Ke BXKITUBUMH eneMeHTaMu ckiaanosux [IpIC. Cxmagosi
k IpIC BigHOCATBbCA 10 Tiel uM iHIIOI cTpary 3HaHb B iepapxii IIpIC. SIk Hacnigok, kaprorpadiuHa IHTEpaKTUBHICTb €
BaKJIUBUM ejieMeHToM cucteMHoi Mozeni kapti (CMK), sika € ceprieBUHOIO cTBOpIOBaHOi cucTeMu iepapxiunux IIpIC.

VY TeopeTnuHiil yacTuHi 11i€i poOOTH CHOUYATKY KOPOTKO po3mIsiIaeThes MOHATTA Mozpeni kaptu (MK). Ilicns HeBemukoro
Betyny y npobiemaruky MK dikcyerbest 11 cydacHuii cTaH. BifnoBiiHO KOHCTATy€eThCsI, 0 HA MPAKTHUII HA JAaHUH MOMEHT
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ICHYI0TB KoHIlenTyanbHi # ¢isruni MK. Taka cutyanist € mpoOIeMHOI0, OCKUTBKH y AisUTbHOCTI 31 cTBoperHs [IpIC npakTudHO
BificyTHI TeoperuuHi Ta storiuni MK. Uepes BiacyTHicTb TeopeTuuHUX MK He € onTUMaIbHUMU IPAKTUYHO BUKOPUCTOBYBAaHI
koHuenTtyanbsHi # ¢iznuni MK. A uepes BincytHicTs gorivaux MK xonnentyansHi i iznani MK cnabo y3romkeHni Mixk co6010.
Tomy min yac crBopeHHst HOBUX cydacHUX [IpIC po3poOHHKH 3MyIIeHI (PAaKTHYHO KOXKHOTO pa3y pO3IMOYMHATH PO3POOKY
3 Hynst — 31 cTBopeHHs Bcix morpionux MK. o6 Bupimmtu npobiemu BigcyTHOCTI Teopetnunux MK BHKOHaHO mepiie
HaOIIKEHHS 10 O1TBII eKOHOMHOTO i IIPaBIIIBHOTO pimeHHs — HaBeneHo CMK, mo 6a3yeTscst Ha KoHnenTyamsHOMY KapKaci
Pensuiiinoi kaprorpadii i TOMy € KOHCTPYKTOM, SIKUI Ma€ 3alIOBHUTU PO3PUB MIXK TEOPIEIO 1 IPAKTUKOIO BUKopucTaHHs MK.

VY mpakTuuHii 4acTHHI poOOTHU MOKa3aHO, sk nepie HadmxeHHs CMK BUKOPUCTOBY€ETHCS IPpU MOOYNOBI IHTEPAKTUBHUX
KapT TOTEHLiHHO HeOe3meuHux 00’ €kTiB Ykpainu. [loOymoBaHi KapTH IOSCHIOIOTH, SK BHKOPHUCTOBYBAaTH PO3IIUPEHE
MOHATTSI KapTOrpadiuHOi IHTEPAKTUBHOCTI 1, 3aBJSIKK BIAMOBIAHOCTI nepinomy HaOmmkeHHI0 CMK, 103BONSIOTh BU3HAYUTH
BimHOeHHs: Mk Kaptamu 1 [IpIC HmxkHIX iepapxiuHux crpar. OTpuUMaHi pe3ylbTaTd J03BOJSIOTH OKPECIUTH TPOOIeMH
(dopmyBaHHs 6a3 JaHUX Ta TX Bi3yaslisallii, [0 BUTIKAIOTH 13 PO3IIUPEHOTO MOHATTS KapTorpadiuHol iHTepaKTHBHOCTI.
Knrouogi cnosa: kapmozpapiuna inmepakmunicms,; MoOeib Kapmu, perayiina kapmozspais, Gopmyeants i 6i3yanizayis
0a3 Oanux; iHmMepakmueHi Kapmu nomeHyiliHo nebezneyHux 06'ekmie Ykpainu.

Introduction

The article presents new results on extended cartographic interactivity, which was first proposed and
substantiated in [1]. There, cartographic interactivity is extended to a stratified notion, the meaning of which
varies depending on the stratum on which the interactivity is examined. In fact, it is about interactivity on
a few strata of some stratified spatial information system (SplS) or, otherwise, SpIS in some broader (or
extended) sense (SpISb), if the specific structure of the SpIS is unknown. The main criterion for belonging
the SpIS constituent to a particular stratum is the amount of knowledge that is used to model reality with their
help.

Extended cartographic interactivity is an element of the stratified map model. This extended interactivity
can be simplified so that it is consistent with the interactivity discussed in the works of R. Roth [2, 3, 4,
5] and his colleagues and graduate students [6], [7], [8], [9]. Simplification is to reduce the complexity of
modeled actuality and modeling processes. The authors of the cited works de facto understand the map as the
main research subject in cartography. This understanding actually postulates that actuality in a wide range
of contexts can be adequately modeled by one map, so modeling processes must ensure that one final map
is obtained. Cartographic interactivity is a complement to the map’s ability to graphically represent actuality
(reality in a given context).

However, in the current decade, phenomena modeled not by a single map, but by systems of several SpIS
have grown enormously. The simplest example is to use the OpenStreetMap geo-platform (OSM - SpIS1)
as part of a company site (SpIS2). Despite the simplicity of this example, in the context described, it is not
about maps, but about two SplS that include maps. These and other examples allow us to argue that the
research subject of cartography has changed so that it is difficult to imagine the practical context, in which it
is enough to explore only the map. Due to the actual change of the research subject, both the understanding
of the individual elements of cartography and the understanding of cartography as a whole must be changed.
In particular, understanding of the cartographic interactivity need to be changed also.

It should be noted that the changes described are objective. They are independent of the current definitions
of cartography and map (https://icaci.org/mission/, accessed 2019-Aug-12), or of our understanding of
these notions. It is now necessary to investigate relational spaces or spatial systems [10]. This situation
is fundamentally different from the last century, when the research subject of cartography was largely
theoretical and discussed mainly by scientists. For example, in the 1970s [11, p. 14]has explained the fallacy
of understanding the cognition subject in cartography: “The opinion that recognizes geographical maps as
the cognition subject of cartography is so widely and persistently spread in cartographic literature that it
was accepted almost as official and unconditional. In this regard, the need for a philosophical category* was
neglected, which could be penetrated into the theory of cartography only through the conceptual definition
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of the true subject of its cognition”. This philosophical category of space-time was represented by A.
Aslanikashvili with the help of the notion of an ideal concrete space. The latter concept actually coincides
with the notions of relational space and the spatial system [10]. Nowadays, the research subject of cartography
has of practical importance, since it is necessary to create new modern cartographic products, which are now
mostly spatial information systems (SplS).

In this article, practical examples of dealing with potentially dangerous objects address the cartographic
interactivity in the SpIS Operational and Application strata, which are among the lowest in the SpIS hierarchy.
In this hierarchy of SplS, extended cartographic interactivity should be considered. The article explains
how the interactivity of the Operational stratum is related to the interactivity of the higher, the Application
stratum. A significant result of the article is an explanation of the reasons for using the database hierarchy and
visualization, including an extended cartographic hierarchy.

Main Materials

Problem and System map model

Cartographic interactivity and interactive maps are based on a map model (MM). At the same time, due to
the development of modern carto- and geo-information technologies, the so-called datalogical capabilities
of cartographic modeling are constantly increasing. We can state the emergence of models that are already
so qualitatively different from map models that even other terms are used. A well-known example is the
OpenStreetMap (OSM) geo-platform. In fact, this is a type of SpIS and its model is qualitatively different
from the MM. Such models are sub-models of the more common System map model (SMM). The SMM
is the colored part of the 7abl. 1. It was obtained using the Conceptual Framework (CoFr) of Relational
Cartography [11]. When constructing a particular SplS, it is necessary for both the SMM as a whole and
for the individual components of the MM to obtain (to model) the systems themselves for a given subject
domain (research subject). Higher strata systems are or often are called schemes. There are “horizontal” and
“vertical” relations between the elements of SMM. The application of horizontal relations in practice is from
left to right and is called transformation. The use of horizontal relations from right to left is called verification.
In general, this is a methodology of subject (and classical) cartography. The application of vertical relations in
practice from the bottom to up is called epistemology. Top-down - reduction. In general, this is a methodology
of relational cartographies.

In the 7abl. 1 the following abbreviations are used: D - Datalogics, Datalogical level, I - Infologics,
Infological level, U - Usagelogics, Organizational level or Usage World, O - Operational stratum, A -
Application stratum, C - Conceptual stratum, G - General stratum. The strata are in line with the shown
echelons of users. The notions introduced are defined and researched in the monograph [12]. However, in this
work, we intend to give an interpretation of the notions that is quite independent of the monograph results.

MM is discussed below. Here we explain only why MM in Tabl. I is named System (SMM). SMM
corresponds to the Conceptual Framework of Relational Cartography (CoFr RelCa [12]), which is valid for
all known types of SplS: electronic atlases (EA), atlas information systems (AtIS), carto- information systems
(CIS) and geo-information systems (GIS). That is, the SMM structure of all these systems is shown in 7abl.
1. Such a structure is valid for the above types of SplS in the broader (extended) sense (SpISb). In addition,
the activity of creating any mapping information product is a systemic or activity system. Therefore, the
developer or researcher deals with the SMM, even if the result of the activity to create an information product
(for example, a map) should not be a system. The presence of SMM in these processes is not always or even
ever conscious. We hope that our work will remove this problem and allow developers and researchers to
better understand the notion. Note that:

1. Depending on which one of the four echelons we have selected, we are dealing with four (sub) map
models (MM), which are also referred as:

SMM = GMM+ CMM + AMM + OMM (1), where GMM - General MM, CMM - Conceptual MM, AMM
- Application MM, OMM - Operational MM.

2. The MM of each stratum / echelon consists of:

XMM = DXMM+ IXMM + UXMM (2), where X = O, A, C, G, and D, I, U are defined above.

The left part of the Tabl. I shows the parts of the real world that are modeled by the relevant SMM elements.
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Usually, in the real world, a system is first defined, which is then modeled by one or more elements of the
SMM. The model is defined as a simplification of the system, built with the intended purpose. The model
should be able to answer questions instead of the actual system (Bézivin and Gerbé, 2001). For example, the
system of the abstract world is modeled with the help of SMM, although the correspondence of the real world
system and the corresponding each-stratum model (in this case SMM) is not always such straightforward.

The right part of the 7abl. 1 shows an organizational user system that is divided into four echelons. There
is a clear correspondence between the MM of each stratum with a certain echelon of users. The echelons can
be virtual. For example, in every real project artifacts of practical stratum of O, A, C are formed. The creators
of these artifacts must obtain the necessary theoretical knowledge that is the artifacts of the General stratum.
These artifacts are usually created by scientists or instructors. However, instructors rarely participate in real-
world projects, although virtually always they are present.

Formulas (1) and (2) are not simple. For example, the “+” sign is not a simple addition sign, but denotes
operations that result in the construction of a map of several components of the MM formula, if we want to get a
complete MM. That’s why we call it “superposition” here. For Operational and Application strata, the “+” sign
in formula (2) indicates at least one of four cartographic operations or combinations there of: concatenation,
image construction, coordinate transformations, and additions [13]. In formula (1), the meaning of this sign
is even further than the addition, since there are relations between the elements of the strata such as, for
example, classification/instantiation or conformTo. The first relation usually specifies the relation between
information objects of the same system, such as an object/class. The second relation specifies the model/
metamodel relation [14]. In both cases, formula (1) shows some kind of “union” of constituent elements,
which we also call a superposition. In general, formula (2) refers to the methodology of subject (and classical)
cartography (although it must satisfy the requirements for levels of relational cartography), and formula (1)
refers to the methodology of relational cartography. Also not simple are the constituent elements of formulas
(1) and (2). This article describes examples that help you better understand these formulas.

To give an example of CMM, we used works [7], [8], [9], [1]. So, in Tabl. 2 it is shown the CMM (blue
color) of SMM. This table is the result of three works. First there was a table from [8, p. 124]. In the work [1],
the correspondence of interactivity with [8] and with the Electronic version of the National Atlas of Ukraine
(EINAU) [15] was added to this table. Finally, here is the correspondence of the above table to the SMM
Conceptual stratum. This gives an example of formula (2) for X = C (Conceptual stratum or Infrastructure
echelon). So, for example, to get a complete CMM of a choropleth map, you need to have Datalogics (D),
Infologics (I), and Usagelogics (U). That is, the choropleth map pattern consists not only of “representation”
but also of “data” and “interactivity”. Choropleth CMM will be a union of descriptions of these elements.

Column “I” shows the so-called product design patterns of presentation (or product infological patterns),
and the column “U.interactivity” shows product design patterns of interactivity (or product patterns of use).
Given the dualism of the product-process should assume the existence and process design patterns. For work
purposes, it is sufficient to take into account the simplified understanding that the product pattern describes
the typical final product and the process pattern describes the typical process of obtaining the final product.

Product design patterns of representation are actually discussed in [16]. It describes 28 (product) design
patterns such as, for example, Micromaps, Choropleth Maps, and Interactive Maps. We note that G. Peterson
calls the patterns “compositional” and indicates separately that they are design patterns in the sense of a
monograph [17]. The chapter on patterns in [16] follows the chapters that discuss color and typography
templates. That is why these patterns are called composite.

The Interactive Maps pattern in [16] is included in the list of composite patterns. In our opinion, this
contradicts the logic of including patterns in the list. Indeed, the description of patterns [16] shows that
these are (product) design patterns of representation in terminology [8]. The description of the Interactive
Maps pattern resonates with the description of other patterns. It is not a design pattern of presentation that
follows from its description: “Interactive are digital maps either entirely created by the cartographer, or, more
often, created as mash-ups on familiar basemaps such as OpenStreetMaps or Google Maps. Interactive maps
provide a lot of spatial knowledge in a compact space compared to static or printed maps. From toggling
layers, to popups on mouseover, to increased detail on zoom, these maps enable a truly engaging experience.
Used as teaching tools, decision-making tools, or navigational tools, these maps also span all conceivable
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Table 1.
System map model (SMM)

Abstract world Users of the General

, ] | echelon ]
¢ Users of the

Abstyact— i Infrastructure

physical world | echelon

Abstract- | Users of the
1 physical world Application echelon

The physical ¢ Users of the

world ¢ Operational echelon

Table 2.

The navigation menu of the prototype web mapping (product) pattern library, organizing available design patterns
according to: “beginning”, “data”, “map elements”, “presentation”, “interactivity” (8; p. 124). “EINAU”, blue color
and D, I, U added by us

Table 3
Concentrated view of the problems of the actual map model
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Fig. 4. Thematic map “Population in the predicted chemical contamination zone”
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subjects with a spatial component”. However, the description given is an example of a design pattern, so we
give it to the reader to have an impression of design patterns, no matter what the pattern is, representation,
interactivity, or even data. We must also admit that we did not find in the compositional patterns of [16] the
design pattern of presentation the “Proportional symbol” from 7abl. 2. That is, G. Peterson described not all
design patterns of presentation.

Process design patterns of representation were discussed in the article [18], which “describes the approach
of design patterns to conceptualizing the process of cartographic design. The design pattern presents a
solution to the problem by describing commonalities in the problems to be solved. The commonalities of the
cartographic design process are identified and MapDesign is described, a design pattern for generating a set
of maps from big geospatial data”.

Now we can describe the problems of the map model from which the problems of cartographic interactivity
follow. In concentrated form, they are presented in 7abl. 3.

We are unable to look at the well-known variants of the Conceptual and Operational MM in detail. We
do not know the MM of these two strata that would be mutually agreed. There are individual Conceptual
or Operational MM for which we know their agreed Application MM. For example, it is possible to find a
Conceptual MM and (through experience) build an Application MM from the ArcGIS ecosystem. However,
the ArcGIS Operational (physical) MM is closed, so it is unknown.

We do not know of any examples of the existence of all three agreed MM: Conceptual, Application and
Operational. Rather, the MM of several strata contradict each other. For example, 7abl. 2 shows the design
pattern “Proportional symbol”, which is a Conceptual MM of this type. Below, we consider the physical
implementation of the Proportional symbol map of actually the same authorship [7]. However, to see their
consistency is very hard. We also do not know of any theoretical General map model (GMM) that would have
practical implementation first as CMM and then as AMM and OMM.

Examples of Operational (physical) map model implementation. Methodology of subject cartography
This section uses examples of implementation of physical map models described in [7] and [9]. The content
of each article is a guide or even a tutorial. The first article explains how to build a proportional symbol map
using the Leaflet JavaScript library. The second article describes how to build a choropleth map using the D3
JavaScript library. The design patterns of both maps are included in the “presentation” column in 7abl.2. In
both articles, the methodology of subject cartography was used to construct maps. The content of the articles
best fits the analytical or transformational paradigm of subject cartography. Only the types of maps and the
details of the map-making processes differ. The methodology of the transformation paradigm of subject
cartography in brief is shown in Fig. 1, which is a simplification [19, Vol. 1; fig. 2.8].

The example below illustrates how on the Operational stratum, on the one hand, transformation families
from Fig. 1 are applied, on the other hand, is superposition OMM = DOMM + IOMM + UOMM. Note that
due to the use of the appropriate JavaScript library, we are not concerned with the cartographic operations of
concatenation and image construction. We only perform cartographic operations of coordinate transformations
and additions [13]. By the way, we note that we did not find continuation of the article [13] in the 21 century.
Therefore, we argue that R. Ramirez’s theoretical MM is inconsistent with any actual Conceptual, Application,
and Operational MM. That is, here we draw the reader’s attention only to the similarity of the constructions
of the two theoretical and physical MM.

Both libraries, Leaflet and D3, allow you to build maps of both types, although these articles only describe
“one library - one map” implementations. It is quite obvious that both libraries contain different physical
MM. They are not defined obviously and are the realization of the ideas of the authors of the libraries. These
models are empirical - they are implemented in libraries, but they are obviously not called that. Both articles
describe the physical realization of T1-T5 transformations (Fig. 1). For CoFr RelCa, this is an Operational
stratum. As the transformation articles differ in the two articles in detail only, let us focus on the adaptation to
the Ukrainian data only of the article [7]. Next, we refer on this adapted guide as an AG.

Transformations T1, T2a, T2b were not performed. On the contrary, we used thematic data collected from
public sources. Cartographic transformation of T3 is described in sections 1-4 of the AG. The result of the
operations of section “l. Finding and Formatting Time Series Information” of AG is a city-data.json file in
GeoJSON format (here is a time series by years: 2001, 2006, 2011, 2016):

ISSN 1561-4980. Ukr. geogr. %, 2019, 4(108)



Interactive maps of potentially dangerous objects of Ukraine: problems of database construction 63

T2a
Transformation
of [XY]
T A structuring, |\ T3 T4 T5
/| generalization, |
Transformation | / |change of spatial | Cartographic Semiotic Display
Enotifies - base A\| transformation transformation transformation
Objects f geometric | with the aid ofa |~ visual,
described /| representation and system of symbols tactile, audio,
by [XY] \ T2b /| correspondence portrayed static on
and [Z] \ - - system on media dynamic object
Transformation
of [Z]
exploration,
generalization,
and modeling
of [Z]

Fig. 1. Transformation families from [19, Vol. 1; fig. 2.8]

{ "type": "FeatureCollection”, "features": [

{ "type™: "Feature", "id"™: 1, "properties": { "id": 1, "name": "Luts'k", "lat":
50.736625, "lon™ 25.383431, "2001": 62, "2006™ 62, "2011™, 75, "2016™ 32},
"geometry”: { "type": "Point", "coordinates”: [ 25.383431, 50.736625]}}

The specified file was obtained from a pre-prepared table of values of the number of potentially dangerous
chemical objects by years:

ID KOATUU UkrName RusName EngName lat lon 2001 2006 2011 2016
1" 0710100000 Nyupbk Nyuk Luts'k 25.383431 50.736625 50 36 18 11
2 6810100000 XmenbHWUbKMIA XmenbHuummid  Khmel'nyts'kyi  26.994747 45.413017 13 36 24 15
3 5610100000 PieHe PoBHO Rivne 26.2502%0 50.611325 23 31 15 10
4 4610100000 Nbeis JflbBOB L'viv 24.012400 49.829335 25 26 27 48

oo

One of the results of section “2. Preparing a Directory Structure and Boilerplate” of AG is an index.html
application start page layout:

<html lang="en">
<head=>
<meta charset="utf-8">
<title>Leaflet Proportional Symbol Map <ftitle>
<meta name="viewport" content="width=device-width">
<link rel="stylesheet” href="¢ss/leaflet.css">
<link rel="stylesheet” href="css/style.css">
</head=>
<body>
<div id="wrapper">
<div id="map"></div>
</div><!-- end wrapper -->
<script sre="js/jquery.js"></script>
<script sre="js/leaflet js"></script>
<script src="js/main.js"></script>
<fbody>
</html=
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From this page is visible that it is the root directory, the map will be inserted into <div id = “wrapper”>...</
div>, and the directories are js, css and the directory data is not shown in the index.html. A single city-data.
json data file is placed in the data directory. Other directories include the main.js application file and its style.
css, leaflet.css, jquery.js are the files of external JavaScript Leaflet and jQuery libraries. This describes the
complete application structure, called the “Leaflet Proportional Symbol Map”.

The result of the operation “3. Loading a Basemap Using Leaflet” of AG is to display in the browser the
image (without decoration) of the desired basemap (BM). The center of the map is located near Cherkasy city
and has geographical coordinates (32.23, 49.13). OpenStreetMap (commented) and/or ISGeo tile servers are
used. Code fragment from the main.js file:

var map = L.map{'map', {
center: [49.13, 32.23], /{ YKpaiHa, 6ina Yepxac
zoom: 4,
minZoom: 6
3
L.tileLayer{
/1 *http:/H{s} lile.openstreetmap.org/{z} A y).png', {attribution: "OpenStreetMap’
‘http:/Hileserver.isgeo. kiev.ua/{z}3Ayd.png’, {attribution: 'HauicHaneHa kapta |Cleo’
H.addTo{map};

The physical BM model is understood from the operator ‘http:/tileserver.isgeo.kiev.ua/ {z}/{x}/{y}.png’ or
‘http://{s}.tile.openstreetmap.org/{z}/{x}/{y}.png’ and the information contained therein. Visually, this is a tile
pyramid, which layers we see in the browser. The cartographic transformation of T3 on the Operational
stratum is completed by executing section “4. Loading the GeoJSON” of AG. The download operation for
the city-data.json file is shown in the main.js file fragment:

$.getJSON("data/city-data.json™)
done(function(data) {
var info = processData{data);
1

fail(function() { alert("There has been a problem loading the data.")});

The result of the Cartographic transformation of T3 is a datalogical scheme of the proportional symbol
map of the Operational stratum of the quantity of chemical objects. Now we can conclude on the essence of
DOMM (Datalogical Operational MM), which is shown in 7abl. 1. For the proportional symbol (type) maps
the DOMM consists of two models. The first model is a tile pyramid model and is used for the basemap image
scheme shown as [XY] in Fig. 1. The second model is a GeoJSON format model and is used for the thematic
data scheme shown as [Z] in Fig. 1.

For the tile pyramid model, the geographical projection reflects the Earth at a rectangle 360 degrees wide
and 180 degrees high [20]. This projection has a natural 2-to-1 aspect ratio. For each subsequent level, the
number of rows and columns is doubled. As each dimension doubles, the number of tiles at each subsequent
level is 4 times greater than the previous one. When zoomed in by one zoom, each tile is replaced by four
sub-tiles. This process can be continued to the required number of levels. In practice, 20 levels are sufficient
for all available Earth cartographic data. Equations (DOBM.01), (DOBM.02) define respectively the number
of columns and rows for level i.

C=2 (DOBM.01)

R =27 (DOBM.02)

For level i = 5 R5 = 16, C5 = 32. Fig. 2 shows that at this level Ukraine is represented by six tiles
256x256 pixels in columns 17-19 and rows 10-11. Kyiv (KUIB) city is at tile (R10, C18). It can be obtained
at http://tileserver.isgeo.kiev.ua/5/18/10.png, accessed 2019-Aug-21. This tile is a superposition of the image
(Datalogics) and its color representation for part of the state border and the caption KUIB (Kyiv, Infologics).
We hereby demonstrate that such a BM is also characterized by the selection of Datalogics, Infologics and
Usagelogics.

Equations (DOBM.03) - (DOBM.06) bind a tile address to a geographic (geodetic) bounding box.
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Level 5 http://tiILserver.isgeo.kiev.ua/5/18 /10.png
R10 R10 R10
a LL UL !
R11 R11 R11
c17 c18 i3

Fig. 2. Level 5 for the Ukraine image on the example of the ISGeo tile server

A =c*(360.0/2) — 180.0 (DOBM.03)
A =(ct+1) * (360.0/2) — 180.0 (DOBM.04)
o =r*(180.0/2) = 90.0 (DOBM.05)
o =(r+1)* (180.0/27) — 90.0 (DOBM.06)

max

where ¢ - column, 7 - row, 4 - longitude, ¢ - latitude, and i - zoom (zoom level).

Equations (DOBM.07), (DOBM.08) show the location method of a tile containing specific geographical
coordinates at a given zoom level.

¢ =|(A+180.0)*360.0/2]| (DOBM.07)

r=lp +90.0)*180.0/2"| (DOBM.08)

where ¢ - column (horizontal tile index), » - row (vertical tile index), 4 - longitude, ¢ - latitude, i - zoom
level, |...| - integer part (“floor”) of the number.

An up-to-date original description of “The GeoJSON Format” is available at (accessed 2019-Aug-
17) https://tools.ietf.org/html/rfc7946. GeoJSON is a format for representing different geographic data
structures. A GeoJSON object is represented by geometry, feature or feature collection. GeoJSON supports
the following types of geometry: Point, LineString, Polygon, MultiPoint, MultiLineString, MultiPolygon,
and GeometryCollection. A feature in GeoJSON consists of geometry and additional properties, a feature
collection is a feature set. In GeoJSON, there is a hierarchy of kind GeoJSON Object => feature collection
=> feature => geometry. In GeoJSON, an object consists of a set of key/value pairs, also called properties.
The name of each property is a string. A property value can be a string, a number, an object, an array, or one
of the “true”, “false” and “null” literals. An array consists of elements where each element can take one of the
values described above.

We cannot further consider the Semiotic transformation T4 and the Display transformation T5. So here are
some important points to make:

1. Transformations T4 and T5 are implemented in the same main.js code. This implementation is contained
after the T3 implementation described above. That is, the superposition is from left to right.

2. The result of T4 is the infological scheme on IOMM. That is, the T4 transformation implements the
transformation of the DOMM into a map representation. Namely:

* Section “5. Processing the GeoJSON” of AG describes a procedure that allows you to find the minimum
and maximum values in time series.
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Fig. 3. Leaflet Proportional Symbol Map for Quantity of Chemical Objects

* Section “6. Drawing the Proportional Symbols” of AG describes the procedure for drawing with the help
of Leaflet colored circles in SVG format.

* In the section “7. Scaling the Proportional Symbols” of AG the minimum and maximum time series
values are used to scale circles.

¢ In the section “8. Creating a Map Legend” of AG is formed the picture explaining the value of the circles
formed in chapters 5-7.

* We do not formally describe the models of circles and their images in the form of a legend, as we
understand what IOMM is and what IOMM scheme is about in this example.

3. The result of TS is the scheme of use on UOMM from 7abl. 1. That is, the TS transformation implements
the transformation of IOMM into cartographically interactive. These are two sections: “9. Adding a Temporal
Slider” and “10. Creating a Temporal Legend”. Again, let’s not go into further detail, but note that interactivity
is both on the thematic layer and on the BM layer. On the BM layer it is the Zoom-in/Zoom-out — the
component, which can be displayed/no-displayed with the control by Leaflet.

4. The resulting map of the Operational stratum is a superposition of the schemes of DOMM, IOMM,
UOMM. The result of the superposition is shown in the “Leaflet Proportional Symbol Map” for “Q-ty
(Quantity) of Chemical Objects” (K-t xim.00’ekTiB) in Fig. 3.

Examples of Operational (physical) and Application (logical) map models implementation. Methodology
of relational cartography

AtlasSF1.0(3) Solutions Framework (SoFr) used to obtain the results of this section was obtained in 2014.
That is, at about the same time as the above-mentioned results from the University of Wisconsin-Madison
scientists. Please note that scientists at the University of Wisconsin-Madison have decided to provide
the right education to cartographers at US universities. We had the task of releasing a practically useful
Emergency Situations Atlas of Ukraine (AtlasES) in 2014. According to the conception of AtlasES (Rudenko
et al., 2010), it was planned to produce the AtlasES of classical type using AtlasSF1.0(2) technology and, if
possible, to release the AtlasES of geo-mashup type. Quite early during the implementation of the AtlasES
project (sometime in 2012), two unpleasant things came to light: 1) AtlasSF1.0(2) technology had become
obsolete at the time of AtlasES release (in 2014) and 2) funds for the development of AtlasES technology
geo-mashup type will not.
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Fig. 5: a) Structure of the catalogs of the map "Population in the predicted chemical contamination
zone", b) Interactive function "Search by condition"

In this situation, AtlasSF1.0(3) technology was developed, which is AtlasSF1.0(2) refactoring. That is, the
technology has not been reengineered. Only the features that were supposed to be problematic in 2014 were
rewritten. It should be noted here that AtlasSF1.0 is a SoFr that allows not just maps but EA and AtIS to be
made of the classic type.

With AtlasSF1.0(3) we produced AtlasES in 2014 and later several other products. One of these products
is “Interactive Map ‘Ukraine. Chemical-Dangerous Objects (2017)’”. Consider building a thematic map
“Population in the predicted chemical contamination zone” for this article (Fig. 4). The map contains two
thematic layers that characterize the chemical dangerous by area (choropleth map) and by potential chemical
danger (proportional symbol). One of the two tables - Chemical Dangerous Objects - is shown on the map
below. In addition, data about a particular object can be obtained from the so-called “Pop-up” menu.

The indicated thematic map is constructed by successive transformations from Fig. 1. It is then plugged into
the final product (along with other maps) as an independent item. However, when using SoFr AtlasSF1.0(3),
there is a significant difference from the solution described in the previous section. Namely, in addition to
the index.html map start page, the Settings.js file appeared in the root directory. The structure of the
AtlasSF1.0(3) map directories is shown in Fig. 5a.

The Settings.js file is a very important difference, even with the change of methodology of map construction
from subject to relational. Indeed, in the example in the previous section, the map creator developed the map
on the Operation stratum, except for the basemap. He implemented in the main.js code a specific physical map
scheme. To create another scheme, the map creator had to be proficient in programming. That is, instead of
creating the map itself (Infologics), the creator should be concerned with the code (Datalogics). The Settings.
js file describes the map, but already for the Application stratum, which is epistemologically higher than the
Operational stratum. As will be shown below, the map creator should now be concerned with creating the
map itself, not its code.

The Datalogical map sub-model almost coincides with the same description in the previous section. Only
the data file was slightly modified. For example, the beginning of a ThemMap1_01.js data file looks like this:

o w, 0 MM

var ThemMap1_01 = {"type": "FeatureCollection™,"crs™ { "type": "name”,
{ "name™ "urn:ogc:def.crs:0GC:1.3:CR584" } }

properties™

Thematic data is presented in GeoJSON format, but it is now “wrapped” with the name ofthe ThemMap1_01
layer. Files *.js can be placed in the vectorLayers map directory. However, for large atlases there are two
problems: the amount of data to display a single map and the number of layers and atlas maps. Database
Management System (DBMS) is used to solve both problems. We use two types of DBMSs: relational and so-
calledno-SQL DBMS. No-SQL DBMS are used when you can create your own JavaScript based infrastructure.
This is usually the MongoDB DBMS. When dealing with mixed infrastructures, the PostgreSQL/PostGIS
relational DBMS is also used.

For the map application, the Settings.js file is a configuration file that sets out how the individual fragments
of the map scheme that are responsible for the data (Datalogics), presentation (Infologics) and interactivity
(Usagelogics) of the map will be combined. The following is a list of features and sample descriptions for the
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fragments of Settings.js:

» Zoom and coordinates of the default center for the map as a whole.

* Links to legend files and map descriptions.

* Order of loading map layers. The layers will be loaded in the order they are listed in Settings.js.

* Base layers to be used.

* Name of an individual layer.

* Initial zoom, the range of possible zooms for a single layer.

* Interactive features “Get Map Info” (bindPopup), “Search by Condition” (FindProperties), “Data Table”
(localizedProperties).

Let’s take a closer look at the interactive features in the example of ThemMap1_01 layer, which in Settings.
js is given by the following line:

| new L.geoJsen{ThemMap1_01, {BaseName: "ObnacTi", |

The interactive feature “Get information about a map object” is implemented in the bindPopup section:

bindPopup(this.getPopupContent(feature {"Stupin”: "CTyniHb ximiMHOT HeGeanekn”,"Num”:
"KinbKicTe XiMiYHO-HEGE3NEeUHUX aaM.-Tep. oguHnLL"}))

For example, information from ThemMap1_01.js on Stupin, Num, etc. attributes will be displayed for the
oblast. By following the rules in this section, the user can get information about the object from the map by
clicking on it. A window of information appears in our example to inform about the Khmelnytsky oblast. The
4th degree of chemical danger has been established. The oblast has 11 chemical-dangerous administrative-
territorial units, etc.

The “Search by Condition” interactive feature is implemented in the FindProperties section.

FindProperties: [{"propName": "OblName","descr": "O6nacTe (micT0)","type": "1},
"propName"”; "Stupin”,"descr": "CTyniHe ximiyHoT HeGeanekn” "type”: "3"}],

The function is activated through the button £ “Search by condition” (Fig. 5b). In the search box, you
must specify (by selecting from the drop-down list) the name of the layer, the name of the indicator and the
condition under which the search is performed. In our example, we look for all oblasts where the chemical
danger is 4. The oblasts found will be highlighted on the map.

The “Data Table” interactive feature is implemented in the localizedProperties section:

[ localizedProperties: "OblIName™: "ObnacTe (micto)","Stupin™: "CTyniHe XiMivHOT Hebeanekn”, ...} ‘

The given table is activated for viewing through the button = “Datatable” (Fig. 5b). In the list of available
layers, select a name. In the example in Fig. 4 you can see that the chemical danger table (ThemMap1_02.js)
is selected, the data table is displayed at the bottom in the map window. The number and name of columns in
the data table meets the specified conditions in the localizedProperties section.

Below are the modules that are responsible for the cartographic representation for thematic layers. For
area objects — oblasts (data from ThemMap1_01.js) - we use a choropleth background mode. The danger
assessment is based on the indicator “Population in the predicted chemical contamination zone, thousand
people” (Popul5 attribute). The scale is reduced by 4 gradations from light tone for areas where the potential
danger is lower, to a more saturated tone for potentially dangerous areas (see Fig. 4):

onEachFeature: function (feature, layer) {var |Color =",
if {feature.properties.Popul5>= 0 && feature.properties.Popul5 <= 0.1} {IColor = "#f0f0f0";...
layer.setStyle({"opacity™: 0.7, "fillOpacity™: 0.5, "color™: "white", “fillCalor": IColer, "weight™: 1})

For point objects (ThemMap1_02.js), we use the proportional symbol method. The radius of the circle that
indicates the location of the objects depends on the quantity of “Chemical danger (by the number of affected
populations, thousand people)” (Stupin attribute) (see Fig. 4):
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pieDataProperties: {"Stupin": "red"},

pointTolLayer: function (feature, latlng, properties} {var radiusCircle = 0; if {feature.preperties.Stupin
==1)...

return L.pieChartMarker(lating, feature, {outerRadius: radiusCircle,fillOpacity: 0.7, weight: 1, color:
"white" opacity: 1, pieDataProperties: properties.pieDataProperties, ...}

The last line contains the settings for displaying proportional symbols such as punch radius, color and
contour thickness, fill transparency, and more.

Finally, we note that this section describes the implementation of the OMM + AMM superposition, which
relates to the methodology of relational cartography. Indeed, with the use of AtlasSF1.0(3) SoFr and, in
particular, Settings.js, we now have the ability to work with not one map, but with a class of maps of the same
kind, and therefore have more opportunities to deal with map Infologics rather than their Datalogics.

Conclusions
We hope that enough information is provided to support the following conclusions:

1. Cartographic interactivity is a Organizational (sub)model in a map model (MM) of some startum. For a
specific stratum, MM 1is a superposition of three (sub)models: Datalogical, Infological, and Organizational.
This superposition is shown in the article, at least, for the MM of Operational stratum.

2. There are four per-stratum MM: Operational, Application, Conceptual, General. These models are in
epistemological/reduction relations with each other, forming the System map model (SMM) together.

3. Only the model itself is sufficient to create spatial information systems (SplS) or maps lower than the
MM of a particular stratum. However, to deal with large territorial (spatial) problems, you need to have and
be able to work with complete SMM and with SpIS built with these SMM.

4. In the case of large SplIS such as the National Atlas, a SMM should be used. The resulting system must
be the system of components of the SpIS of several or even all four of the above strata.

5. In the case of large SplS, the use of databases is mandatory. The SMM specifies the possible structural
organization of these databases. Each stratum system must have its own database. Databases of neighborhood
strata should be in the epistemological/reduction relations.

6. Cartographic interactivity should be developed for the SpIS of each stratum. The cartographic interactivity
of neighboring strata should be in the epistemological/reduction relations.
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