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Introduction 

 

Modern cartography deals with representations of geo-

graphical and spatial phenomena, both real and virtual. 

In addition to such classical representations of those 

phenomena, like maps, non-classical have recently 

appeared: for instance, modern electronic atlases or 

geomashups constructed using subject and cartographic 

platforms. These non-classical cartographic phenomena 

are getting more popular and require scientific explana-

tion and methods of new knowledge acquiring. 

Authors have long-term experience of electronic atlases 

creation in the context of rapid changing of information 

technologies and work with challenges occurred during 

such activity. This experience encouraged the authors 

for searching of new methodological approaches to the 

creation and the use of cartographic systems. It would 

be advisable these approaches are based on the use of 

recurrent solutions - relational patterns. Primarily it is 

related to providing long-term operation of electronic 

atlases (in particular, the National Atlas of Ukraine, 

RadAtlas etc.) during a dynamic epoch of “Big data”. 

The need for new methodological and technological 

atlas solutions, which, in turn, requires its own modern 

scientific cartographic theory, is glaringly clear. 

Using abductive inferences, based on finding theoretic-

cal explanations of facts accumulated during practice, 

the authors proved the existence of relational cartogra-

phic patterns and thereby proved the existence of a 

relational cartography, as well as proposed some of its 

key concepts which set forth in a number of published 

articles. Currently, a significant part of relational carto-

graphy facts are already proved by more strict 

deductive inferences. 

Currently “classical” cartography is defined as the art, 

science and technology of making and using maps1. 

The term “cartographic system” is used for designation 

of system cartographic phenomena. Folowing [11] such 

system is defined in the most general from as a set of 

things (e.g., maps and other representations of 

geographical entities) and relations between them. 

The authors propose to extend the classical definition 

of cartography using the inclusion of cartographic 

systems and related arts, sciences and technologies to 

its research subject. If designate the cartographies, 

                                                           
1 Definition of International Cartographic Associsation (ICA) 

http://icaci.org/mission/, accessed 2016-may-23 

which have the maps as a research subject like 

“subject”, then cartographies, which have the relations 

as a research subject it is should be logically to 

designate  using the term “relational”. That is, subject 

cartographies, referred to the definition of classical 

cartography, it is proposed to supplement with 

relational cartographies. Henceforth, research subject 

of relational cartography is clarified and some of its 

elements are described in the work.   

 

Relational cartography 

 

Relational cartography is the “second dimension” of 

some two-dimensional systems or geomatics cartogra-

phy.  The term “geomatics” is more correct then the 

term “systems” although they both are not completely 

suitable, primarily due to its ambiguity. To obtain a 

two-dimensional geomatics cartography “first dimen-

sion” – one of the classical cartographies – should be 

supplemented with “second dimension” - relational 

cartography. Classical cartographies are also called 

subject, as they have such “main” cartographic subjects 

like maps have the role of research subject. Among the 

most developed classical cartographies we can outline 

the cartography by K. Salischev and analytical 

(transformational) cartography by W. Tobler. 

In the most general form system is defined as a set of 

elements (things) and relations between them. Systems 

can be defined both in material environment and ima-

ginary environment. Systems in material environment 

of geographical elements (entities) are called geosys-

tems. Systems in imaginary environment representing 

geosystems are often called geosystems models or 

cartographic systems (systems of maps). It should be 

noted that there are no any systems in material environ-

ment. The system in the environment always is a const-

ruction of human brain. So, for instance, geosystem of 

Shatsky national natural park is a mental artificial con-

struction, although it deals with a “geographic” entities 

existing physically (roads, forests, hydrographical ob-

jects, etc.) and relations between them. There are two 

widely known artificial environments created by hu-

man beings: analogue (paper) and digital (computer). 

Mental (imaginary) geosystems models are “materiali-

sed” in these environments. 

In the broadest sense the map primarily is always a 

mental artificial object – most often the model of 

specific geographic entities or sets of geographic 

entities and only then becomes artificial material object 
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manufactured on the particular medium. An example of 

geographic objects set is so called hydrographic entities 

of Shatsky national natural park, and their model is the 

layer of hydrography of park topographic map.  

Let us suggest some thoughts unconventional for 

classical cartographers (in the sense that classical 

cartographers could not agree with them): 

1. Most cartographers are the supporters of “classical” 

definition of “classical” cartography – “art, science and 

technology of making and using maps”. In this 

definition the map is “a symbolized representation of a 

geographical reality, representing selected features and 

characteristics, resulting from the creative effort of its 

author’s execution of choices that is designed for use 

when spatial relations are of primary relevance”. 

2. In classical cartographers opinion the map is always 

the cornerstone, provided that most often it is meant in 

the singular. All known cartographic paradigms (often 

called theories, for instance, analytical cartography) are 

based on classical definition of cartography. Moreover 

de facto it is means that there is one map author – one 

map – one map user. Naturally there can be a lot of 

map users, but upon that it is postulated either 

explicitly or implicitly that all of them should 

understand the map “equally”. The same uniqueness is 

meant for other two elements of the triad “author-map-

user (consumer)” (see. Fig. 1). 

 a) 

 b) 
Fig. 1 – System of “making–using maps” in the theoretical 

schemes of science [9; Fig. 1] 

 

Description of Fig. 1 (see [10] and references there): 
• Fig. 1a – scheme of cartographic communication process (Ratajski, 

1976, p. 8). R – reality, R1 – mapped part of reality (established by 

cartographer), r1 – information, required to create map, C - 

cartographer (map creator), M - map, r2 - information that placed in 

map, U – user (consumer, reader) of map, r3 – information, received 

by map user (reader), r4 - information about reality, refracted based 

on the knowledge and experience of the map user (reader), R2 – 

cognized part of reality (on the basis of map and mental activity); 

• Fig. 1b – scheme of cartographic method of cognition of reality 

(Salischev, 1982b, p. 263). R – reality, 1 – receiving of information I1 
as result of observation of some part of reality D1, 2 - processing of 

information I1 and construction of map, 3 – studying map M to 

extract information I2 from it, 4 - use the received information for 
presenting D2, D'2 about modeled in the form of map the real part of 

world. 

3. Despite the fact that the subject of classical 

cartography is most often two-dimensional (in 

Euclidean metric) object – map, such cartography is a 

one-dimensional science. Therein it is meant that 

classic cartographers enough quickly “hide” spatial 

relations into the map and then deal with, in fact, one-

dimensional subject – map. Of course we are aware of 

the works in which emphasis is on the study of metric 

and even topological relations between map elements 

but there are relatively few number of such works. 

4. Classical cartography has no scientific methods for 

description and study of non-metric relations between 

maps and between systems of maps. For instance there 

is no any scientifically based method of comparison of 

two national atlases of two countries, although there 

are many of such atlases with a lot of “similar” 

elements. 

To explain the concepts of relational cartography let us 

use the simplest definition of system of maps: “maps 

and relations between them”. Geographic atlas is a 

well-known example of such system of maps.  Even for 

such a simple concept of system of maps in a work [12] 

using an example of National atlas of Ukraine (NAU) 

the relations of several types were found with the help 

of abductive inferences. Found relations gave us an 

opportunity to say that in addition to classical 

cartographies, which research subject is the maps, there 

also cartographies, which research subjects are (should 

be) relations between maps (like “inside” of particular 

system of maps) as well as between systems of maps. 

It should be immediately noted that geographic atlas is 

not the only one example of system of maps. 

If we complicate the definition a little, then cartogram-

phic systems set will extend significantly.  For exam-

ple, if cartographic system is defined as “maps, other 

representations of geographic reality and relations bet-

ween them”, then this definition will satisfy not only 

geographic atlases but multimedia atlas information 

systems. It is also should be noted that we are primarily 

interested in non-metric relations. We have an 

opportunity to ignore metric relations because we are 

using so-called “layer” (or field) approach to the carto-

graphic systems. In other words, we are not interested 

in separate geographic entities (“objects” approach) – 

only geographic fields, their layer representations and 

various sets of layer representations. 

It is hard to imagine the research subject of relational 

cartography – relations. In classical cartography 

research subject – maps – the most often have 

prototypes in real world – sets of geographical entities. 



Therefore it is easier and more understandable to work 

with them. Classical cartographers have also learnt to 

work with metric and even topological relations, which 

are defined using geographic entities models. But in the 

modern world already there are such cartographic 

phenomena which required non-metric relations for 

working with them. These phenomena are so 

widespread that we can even speak about appearance of 

“parallel” virtual worlds creating a new reality. Due to 

the appearance of such phenomena above mentioned 

classical cartographic triad “author-map-user” it is 

advisable to replace by “authors-maps-users”. 

For example, OpenStreetMap topographic map is 

created by many authors and such creation process is 

called crowdsourcing2. The definition of 

crowdsourcing says that the volunteers` activity is 

“coordinated”. Coordination is an example of non-

metric relations. The examples of violation the 

uniqueness can be given for other two elements of triad 

“author-map-user”. So, for OpenStreetMap the triad is 

formulated as follows: “authors-cartographic platform 

OpenStreetMap-users”. Without going into details it 

should be noted that cartographic platform is a 

cartographic system of a special kind. OpenStreetMap 

cartographic phenomena pointed here cannot be studied 

only by means of classical cartography. In this case 

both relational and systems cartography is extremely 

required. Let us look at “cartographic” interpretation 

the concept “relation” in above stated first definition of 

system of maps. The term “cartographic” is in quotes, 

since almost all considered below relations are quite 

independent of elements values, between which they 

are defined. The values of these relations will be valid 

for other elements values (that is not only for maps) in 

the definition of cartographic system. For this reason 

we quite freely change elements values. So, replacing 

the definition of elements “maps” in the first definition 

of maps values by value “maps and other 

representations” in the second definition of 

cartographic system (system of maps) are not affected 

the concepts and facts regarding relations of relational 

cartography.  

Intersystem relations can be explained with the usage 

of so-called principal “infological” conceptions 

described in the work [12]: 

1. Hierarchical thematic structuring of that part of 

reality which is represented by paper and 

electronic variants of NAU. The highest, first level 

of the NAU hierarchy consists of 5 thematic 

blocks and block “General characteristic”. Each 

thematic block consists of sections - 2nd 

hierarchical level. The sections usually consist of 

subsections; however can already include maps - 

3rd hierarchical level. Subsections usually consist 

                                                           
2 “crowdsourcing - from ‘crowd’ and ‘sourcing’ – transfer of 

certain production functions to an indefinite number of 

persons, the decision of socially significant tasks by 

volunteers, often at the same time coordinating their activities 

with the help of information technology”.- Translation from 

Russian, https://ru.wikipedia.org/wiki/Краудсорсинг, 

accessed 2016-feb-14 

of maps, but may also include another subsection - 

4th hierarchical level. 

2. Organization of cartographic information in layers 

with separation of base map and thematic layers, 

modified in accordance with a hierarchical 

thematic structure. Thus the layers of the base map 

are the base both for separate maps and entire 

thematic blocks. 

3. Semantic (thematic) cartographic modeling of 

separate “themes” of reality. 

4. Variability (alterability) of information. 

All stated infological conceptions allow defining the 

certain cartographic relations. The term “infologocal” 

has several meanings: 1) infologics – something 

organized higher, than datalogics (simplified 

understanding – a well known difference between 

information and data), 2) subject, conceptual or 

business part of map or cartographic system, 3) 

“language” construct, applied to maps and cartographic 

systems. 

Already the first principal infological conception is 

associated with several fundamental types of relations: 

classification, generalization and aggregation. We do 

not want to burden the reader with formal definitions of 

these relations and will use their English abbreviations 

from computer science and examples from the National 

Atlas of Ukraine. Namely, the classification is called 

relation “InstanceOf” (element1 is an instance of 

element2), generalization is called relation “IsA” 

(element1 is a (variation of) element2), aggregation is 

called relation “PartOf” (element1 is a part of 

element2). The relation in the first infological 

conception is relation of relational cartography. So, in 

NAU there is hierarchical classification atlas/block/sec-

tion/subsection/map”. The example of its realization 

(InstanceOf) is: “NAU/Population and human develop-

ment/ Population / Religion / Orthodox churches”. For 

comparison, in National atlas of Switzerland (NAS), 

version 3 (2010) “NAS/Society/Religion/Christian/Or-

thodox” is an example of realization of similar 

hierarchy. The subsection “Christian” in NAS includes 

also such churches as: Christian Catholic, Roman 

Catholic, Protestant, other Christian Religion. That is, 

it can assume that Christian religion of Swiss society is 

an aggregation of listed churches (PartOf). An example 

of generalization is the relation: Orthodox IsA 

Christian IsA religion. 

It should be noted that even this small set of examples 

raises many additional questions. They are related to 

the fact that in classical cartography there are similar 

terms and / or concepts, which sometimes coincide and 

sometimes differ from the terms and / or concepts 

stated above. For example: generalization and 

classification. Without going into the consideration of 

these terms and concepts we can only point to a 

universal criterion for finding the differences between 

them: separate map or set of maps. So, in classical 

cartography generalization is most often treated in the 

context of topographic map. This map consists of 

layers modeling real physical fields: road network, 

hydrography etc. Generalization is used for obtaining 

of multi-scale topographic maps from a single, more 
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detailed source. From relational cartography point of 

view classical generalization described above (in 

simple words) does not put our understanding “out of 

the borders” of a separate entity, which is modeled - 

some part of geographic reality, while the “relational” 

generalization allows us to do it. 

At a first glance the relation in the second infological 

conception are the relations of classical cartography. 

Indeed, relations between base map and thematic layers 

often implicitly present in any thematic map. In our 

opinion, when applying the second infological 

conception there are certain problems requiring the 

solution. First of all, it is an “implicitness” of relations 

between base and thematic layers. Since the relations 

are not obviously defined, it is not clear what scientific 

approaches are used by classical cartographers when 

developing prior to combining (aggregating) and when 

combining the base and thematic layers in thematic 

map. The second, more complicated problem is the 

aggregation of thematic layers and maps in thematic 

groups above named as subsections, sections, and 

blocks. For example, the subsection of NAU “Fuel 

industry” consists of maps: “Fuel manufacturing, 

(including coke and refined petroleum)”, “Hard coal, 

lignite (brown coal) and peat”, “Coke and refined 

petroleum”, “Use of fuel”, “Gaseous fuel”, “Petroleum 

products”. When comparing thematic layers of listed 

thematic maps there are many questions concerning the 

aggregation both thematic layers in one map and in one 

group (subsection) of maps. Problems described here 

can be solved with explicit study of properties of 

relations between thematic layers and maps. 

The relations in the third infological conception only at 

first glance seem to be relations of classical 

cartography. In the work [12] was raised the question 

why on the same input data in two implementations of 

subsection NAU “Fuel industry” were created different 

thematic maps. It is easy to notice that such challenge 

will not arise, if the relation of transformation / 

verification is built “between” input data and thematic 

maps. If the set of “acceptable” transformations are 

defined there will be no any challenges. In the 

relational cartography datalogical and infological levels 

and relations between elements of each level are built 

for solving the problems of described type.  

Finally relations in fourth infological conception 

clearly refer to relational cartography. To understand 

the sense of these relations it is enough to imagine the 

relations existing between paper atlas and its electronic 

analogue. Nothing can be changed in paper atlas as it is 

printed. Almost everything to the “reasonable” limits 

can be changed in an electronic analogue. Simply 

speaking, the third infological conception for each 

thematic map can be used as a starting point and then 

“integrate” all “possible” maps into the system, which 

can accept certain “acceptable paper” values. So, we 

can change the way of expression of separate thematic 

maps, constructed on the same data. Provided that 

separate elements in paper atlas will be changed, but 

atlas in fact will not be changed since input data are not 

changed. We note that there is a relation of 

classification / instantiation between unchanged paper 

atlas and its modifiable electronic analogue. Namely, 

the modifiable electronic atlas is the class of all “valid” 

unchnaged paper atlases (classification). Provided that 

unchanged specific paper atlas is an instance of a class 

of all “valid” paper atlases.  

All examples of above described relations can be 

refereed to intersystem relations, where system is 

considered as the implementation of a specific atlas. 

Relational cartography is especially useful when 

studying not only one separate system, but system of 

systems of maps. Unfortunately, we have not found the 

analogues the system of systems of maps in the 

classical cartography. 

 

Relations between systems cartographic subjects  

 

The attempt of explaining the research subject of 

relational cartography using examples of intersystem 

relations between cartographic subjects-maps was 

made in previous section. These relations are “on the 

border” between subject and relational cartographies. 

In this section we give examples of relations that exist 

clearly outside the subject (сlassical) cartographies. 

Provided that we still try to use examples from practice 

of classical cartographies. 

We chose such cartographic subjects as geographic 

atlases in the role of cartographic objects between 

which relations are built. Geographic atlases are the 

geosystems models. A big variety of models can be 

built for the same geosystem. Models can be 

distinguished in different ways, using, for example, 

date, details, completeness etc. 

The most obvious example of creating two models for 

the same geosystem is the National atlas of Ukraine 

(NAU), which was published in 2007 in the paper and 

electronic variants. During the time since 2007, the 

developers of NAU faced with two big system 

challenges generated by our digital age: 1) the ability 

of rapid creation and frequent change of electronic 

versions the models of the same geosystem, that finally 

lead to the problem of “big data”, 2) rapid variability of 

information technologies leads to the loss of functions 

by older versions of electronic models. Stated problems 

“put” modern atlases out of the borders of classical 

cartography.  

In order to solve described problems it is necessary to 

be able to work with various models of the same 

geosystem. It should be noted that given examples of 

models of national geosystem of Ukraine are also 

systems, but they are called geographic atlases or atlas 

information systems or systems of maps (cartographic 

systems). If we deal with several systems, modeling the 

same geosystem, then such systems in some sense are 

comparable. In addition, a more complete definition of 

the system – “a set of elements (things) that are in 

relations and connections with each other creating a 

certain integrity, unity [11]”. In order to obtain 

“integrity, unity” when modeling the big geosystems 

integral systems are constructed which subsystems can 

be, for example, several versions of geographic atlas. 

Integrated systems are often constructed using one of 

two ways or their combination: the construction of a 

structured system and the construction of a 

metasystem. Construction method of a structured 



system is based on the aggregation relation. Systems 

aggregation differs from the aggregation of previous 

section as it is based not on a set of maps or layers but 

on a set of systems of maps. Modern base map is an 

example of structured system. This system is obtained 

by integrating of four cartographic subsystems: 1) 

topographic, 2) administrative-territorial division 

supplemented with addresses, 3) cadastral, 4) digital 

images of earth remote sensing (space and aerial 

photographs). 

The term “metasystem” based on prefix of Greek 

origin “meta” having three primary meanings [7]: 

1.  “meta Х” is the name of something, occurrs after 

Х, that is, Х is a prerequisite for meta Х, 

2.  “meta Х” indicates that Х changes and is a 

general name of that change, 

3.  “meta Х” is used as the name of something, that is 

above Х in the sense that it is more higher 

organized or a higher logical type or is viewed 

from a larger perspective. 

We can see that the term "metasystem, when used for 

systems in which several systems are integrated 

through appropriate replacement procedures, 

incorporates all three of these meanings. Clearly (1) a 

metasystem can be defined only after some other types 

of systems are defined; (2) it is a system that describes 

a change - a replacement of one system by another; and 

(3) it is above the individual systems - its replacement 

procedure makes it more than just a collection of the 

individual systems. Three specified senses of the term 

metasystem allow allocating of three variants of 

metasystem way of integration. 

Consider topographic subsystem of modern base map 

and its application in creation of a geographic atlas as 

an example of cartographic metasystem. In the past 

decade a set of maps (cartographic bases) of several 

scales from 1: 500,000 to 1:12,000,000 were used for 

creation of NAU. Provided that base map of each scale 

was made and used separately. That is, the base map 

was changed manually depending on modeling theme. 

In modern cartographic systems, such as 

OpenStreetMap, it is possible to use an automated 

method of replacement the base map depending on the 

scale. We are talking about scaling levels – so-called 

“zooms” which one of 20 tiles layers forming 

topographic subsystem of base map. Given example of 

base map topographic subsystem satisfies the definition 

of metasystem. 

In the above quoted works on relational cartography 

the conceptual stratum of integrated hierarchical 

system modeling the particular large geosystem – for 

example, national geosystem of Ukraine was introdu-

ced. The authors define four strata: operational, appli-

cation, conceptual and general. Between strata there is 

a relation “meta”. Thus, the application stratum is a 

metastratum of operational stratum, and conceptual 

stratum is a metastratum of application stratum. Rela-

tion “meta” between strata includes also the relations 

of classification of systems. So, the fourth infological 

conception stated above includes the relations between 

class of all possible paper atlases and an example of 

this class - specific paper NAU, printed in 2007. 

Electronic variant of NAU 2007 is an analogue of 

paper NAU 2007. NAU project includes class 

implementation of all possible paper atlases. It can be 

called as a modifiable version of unchanged version of 

NAU electronic variant. It allows manufacturing any 

possible unchanged variants of operational stratum 

atlases - both paper and electronic. 

Strata can also be used for artefacts arranging of three 

basic phases of cartographic systems existence: 

research, development, and operation. The research 

phase corresponds with conceptual stratum, 

development phase – to application stratum, and the 

operation phase – to operational stratum. These phases 

form so-called lifecycle of cartographic system. If 

remember what artefacts are generated at each phase, it 

can be noticed that: 1) the main result of the research 

phase is the concept of the created system, 2) during 

development phase multiple system models are created, 

which gradually are approximating the final system. 

For example, using some approaches to system 

development the technical specification is developed 

primarily, then conceptual, application (logical) and 

operational (physical) system model is developed. All 

listed artefacts are system models, which can be placed 

on certain hierarchical levels, from more general 

(concept, conceptual model) to more detailed (physical 

model). 

More general models describe a larger class of possible 

systems, but not very detailed. More detailed models 

describe a smaller class of possible systems, and these 

descriptions are more specific. The last lower model in 

the hierarchy is the final system. It is not hard to 

imagine there is meta relation between systems of 

described hierarchical levels. The task of the developer 

is, in fact, the establishment of such replacement 

procedure that would “dwell” on the most adequate 

model. 

To give further explanations to earlier mentioned, refer 

to the monograph [10]. It should be noted that the 

collapse of Soviet Union, stagnation period in the post-

soviet cartography, untimely death of the author in 

2001 has led to the fact that the results of this 

monograph are known a little to the scientific 

community. Due to this we refer quoted monograph to 

the classical cartographies, although its potential 

extends far beyond their borders. Consider the author`s 

(A. Lyuty) version of Fig. 1. 

 

 
Fig. 1 – System model “making-using maps” (author`s 

version) [10; Fig. 5] 



Description of Fig. 2 [10]: O - object (reality), PA – practical 

activity, S1 - subject-cartographer, S2 - subject-consumer (user) of 

map, M - map (text of language), L – map language (system), A1, A2 

– activators (objective conditions of human practice, determining the 

appeal of subjects to map language, to cartographic forms of 

communication, modeling and cognition). Circles show elements of 

system, ovals overlapping - elements of system external 

environment, solid arrows – relations and interactions in system and 

exits from it, dashed arrows - influences of environment (inputs and 

feedbacks) on system; dotted line marked indirect nature of the 

relation “map - object (reality)”. 

 

For a modern interpretation of Fig. 2 refer again to the 

above described life cycle of cartographic systems and 

ask a question what is a conceptual system model. In 

most information systems life cycles conceptual model 

is a model of a domain and logical models can be 

called realizable or application models. 

Conceptual model is very often called as conceptual 

scheme constructed using knowledge of domain and 

conceptual modelling language. Nowadays, the most 

well-known such language is the Unified Modeling 

Language (UML). In simplified form it can be 

considered that modeling language of domain is 

selected in general stratum and a conceptual model, 

which is an artefact of conceptual stratum, is 

constructed with its help. Then conceptual model 

implementation language is selected in conceptual 

stratum.  

An example of such a language can be Visual Basic or 

relational model of database. The result of the 

implementation language application is a logical 

(application) model or system scheme. Finally, the 

physical (operating) model can be a program that is 

performed, or implementation of a logic model by 

means of a specific DBMS. Physical model refers to 

operating stratum and / or operation phase. 

The following analogies are quite obvious. The map 

language of A. Lyuty is an artefact of general stratum. 

If it could have an implementation in any application 

language of conceptual stratum, we could use it for 

construction of application stratum specific maps. In 

order that the map could be used by end user, 

operational models are required. The relations between 

the maps of application and operatiional strata allow 

understanding with following analogy. A vector map 

can be considered as an application stratum map, for 

example, in the shape format. This map can be changed 

using many software tools, working with the shape 

format, such as ArcGIS or QGIS. Rasterized map 

image on a computer screen or printed on a paper will 

be operational stratum map. 

Now Fig.2 should look as follows (Fig 3). 

It is advisable to make several remarks to Fig. 3: 

1. In order not to overload the figure, we have not 

shown all relations. So, there are relations: 1) between 

groups of authors, 2) between groups of maps users, 3) 

between all groups of subjects (subjects-developers, 

subjects-users) and outside world (O and PA), 4) there 

are activators on practical activity (PA) for all groups 

of users, 5) others. 

2. Unfortunately, developer (creator) rarely “feels 

comfortable” in each of three groups. Most often, “per 

stratum” specialization leads to the fact that developers 

from different groups do not understand each other. 

 

 
Fig. 2 – Modern system model “making-using maps” 

Notations in Fig. 3: АL – Application Language, AMD – 

Application Map of Developer, AMC – Application Map of 

Consumer (User-Analyst), OMC – Operational Map of Cartographer, 

OMU – Operational Map of User, С1n, С2n, n = 1, 2, 3 are explained 

below, other notations have the same meaning as in Fig 2. C1n, n = 1, 

2, 3. We distinguish 3 groups of developers (creators). Terminology 

for group’s designation is used mainly from computer science. 

Namely: С13 – computer and cartographic analysts, С12 - computer 

and cartographic designers, С11 - programmers and cartographers. 

Users С2n, n = 1, 2, 3 have the similar meaning. С21 are maps users in 

understanding of A.Lyuty. Users of higher stratum С22, С23 should 

have more advanced skills for maps “reading”. 

 

3. Relations between elements of various strata are 

shown as bilateral (for example, relations between L 

and AL). It is true, if remember above examples of 

relations of classification/instantiation. 

4. We insist on the distinguishing between points 

concerning developer map of user map. That is why we 

have introduced weakly overlapping circles for 

displaying these viewpoints (see, for example, AMD 

and AMC). During “paper” era, the differences 

between these viewpoints were not so big. During 

digital era we talk about various levels of maps 

existence: datalogical (developer`s) and infological 

(user`s). 

 

Relational cartographic patterns 
 

Relational cartographic patterns are the “quintessence” 

of relational cartography. It makes no sense to speak 

about the relational cartography without these special 

kinds of relations. Naturally it is hard to explain such 

relations, as the patterns are not popular in classic 

cartographies. To understand the complexity of our 

task, it is enough to read written in previous 



subsections. Before that, we wrote about relations, not 

focusing on their recurrence. Now it is still required to 

choose some special relations - patterns among all 

these relations. 

One of the most common definitions of the pattern 

given in [1]: pattern - is practically proven, the best 

solution of known, recurring problem within a given 

context. In the article [4] is given definition of 

architectural pattern – framework:  

• Architectural pattern - is a general reusable challenge 

solution that can be found everywhere in the 

architecture of cartographic system (or atlas 

information system or an electronic atlas) in a given 

context. 

• Framework – is an architectural pattern for the whole 

cartographic system (maps system or atlas information 

system or an electronic atlas) or some of its logical 

parts. 

It is important to note that “the pattern is, in short, at 

the same time a thing, which happens in the world, and 

the rule which tells us how to create that thing, and 

when we must create it. It is both a process and a thing; 

both a description of a thing which is alive, and a 

description of the process which will generate that 

thing” [2; p. 247]. 

In the work [4] we drew readers` attention to the fact 

that the patterns were unfairly neglected by classical 

cartography. However recently the publications, 

especially of Richard Donahue [6], [5], professor 

Robert Roth and his co-authors (see e.g. [9])3 have 

appeared, which demonstrated that studies in this 

direction are conducted. Below we explain why we 

consider these works as very important for our study. 

Moreover, we convinced that the works of Wisconsin-

Madison University cartographic school will have a 

very significant impact on the development of Web 

cartography in particular and on cartography in general. 

Let us start with the fact that in the work [5] so-called 

Web mapping pattern library for teaching of Web-

cartography in high school (see Table 1) is proposed 

for use. 
Table 1 – Navigation menu of prototype web mapping pattern 

library, organizing available design patterns according to: “getting 
started”, “data”, “map elements”, “representation”, “interactivity” [5; 

p. 124] 

getting 

started  

boilerplate 

page layout 
 

data  

load data 

save 

export 
map 

elements 

graticule 
legend 

 

representation  

tile basemap  

vector basemap  

choropleth 
proportional symbol  

dot density   

isoline/surface 
flow 

cartogram 

bivariate 
/multivariate  

animation 

graphics/charts 

interactivity 

panning 

zoom 

retrieve 
overlay/toggle 

filter 

arrange 
reexpress 

sequence  

resymbolize 
reproject 

search 

calculation 

An example of description the pattern “retrieve” from 

web mapping pattern library is given in Table. 2. 
Table 2 – The pattern components of a design pattern for the retrieve 

operator. The context, problem statement, and solution provide 
conceptual knowledge that links specific development solutions with 

higher-order Web cartography learning objectives [5; p. 125] 

                                                           
3 The authors thank Robert Roth and Richard Donahue 

granted them by article and thesis. 

Web mapping pattern 

library 

retrieve 

definition: request details 
about a map feature of 

interest 

context 

The retrieve operator is a 

primary way in which users 
interactively overcome the 

cartographic  problematic (in 

the context of Interactive 
Cartography) and complete 

Shneiderman’s information 

seeking mantra “overview 
first, zoom and filter, then 

details-on-demand” (in the 

context of Geographic 

Visualization) 

problem statement  

(1) The map is an abstraction 

of reality that introduces 
uncertainty to make a 

cartographic representation 

understandable and useful. 
Greater details are required 

for mitigate this uncertainty.  

(2) Shneiderman information 
seeking mantra is “overview 

first, zoom and filter, then 

details-on-demand”  

Design patterns 

solution 

Information is either bound to an 

object within the script or HTML 

element (as when D3.js binds data to 
a selection), or information is stored 

in a separate data within the script. 

A user-driven event is required to 
retrieve information corresponding 

to a target. The information must 

then be displayed to the user. 

dynamic label: retrieve activates 

and populates a place name label 

information window: retrieve acti-
vates and populates an information 

container directly atop that map 

information panel: retrieve 

activates and populates an 

information container anchored 

outside of the map 

recommendation: as the amoumt 

and complexity of information 

provided upon retrieve increases, 
move from dynamic label to an 

information window to an 

information panel 

recommendation: while retrieve 

primarily supports identifying 

features, consider how you can 
support more sophisticated 

objectives such as comparing and 

sequencing 

Further it is appropriate to give a quote from the work 

[6]: “RESULTS: The heuristics used for the 

development of a web mapping pattern library are 

diagrammed in scenario-based web mapping processes 

that highlight the sequence and scope of learning 

outcomes to achieve a prototypical web map. These 

heuristics include: (1) Realize the Solution Space. A 

fundamental entry point for web mapping is a thorough 

grounding in HTML, CSS, and JavaScript (i.e., the 

“solution space”). (2) Enablement toward Cartographic 

Requirements. Patterns fundamentally address the 

specific needs of Web Cartography and differ from 

those found in SE and HCI. (3) Edification of Web 

Cartography Principles. The library reinforces learning 

beyond purely technical challenges and teaches 

connections between theory and implementation. (4) 

Navigational. The presentation format of the library is 

designed so patterns are accessible through a menu-

style navigation interface. (5) Relational. Patterns relate 

to one another, achieved in two senses: (1) hierarchical 

relations between patterns and (2) sequential ordering 

of patterns to achieve specific web mapping learning 

objectives within a mapping workflow”. 

Following statements can be stated without detailed 

justification: 

1. Web mapping pattern library (see [9], [5], [6]), 

web mapping processes (called above as 

heuristics), prototype web maps and other related 

elements form certain Training cartographic 

system (TCS). This TCS can be used for teaching 

the fundamentals of Web cartography in the 

universities (Wisconsin-Madison and others). 



2. Structure of TCS corresponds to Solution 

framework (SoFr) of Relational cartography (RC), 

the concept of which is described in the work [2]. 

SoFr RC (for example, Atlas Solutions Framework 

AtlasSF) intensively used by us when creation of 

electronic atlases and atlas information systems. 

It should be noted that web mapping pattern 

library refers to the Basics of a certain Training 

SoFr (TSoFr), web mapping processes (heuristics) 

refers to Processes of TSoFr, prototype web maps 

– to Products of TSoFr. Publications [9], [5], [6] 

are examples of Publications of TSoFr. TCS has 

elements relating to Services of TSoFr. 

3. TCS is a two-stratum hierarchical system 

constructed on the artefacts of general and 

conceptual strata of Conceptual framework (CoFr) 

of Cartographic systems of Relational cartography. 

Part of this framework is shown in Fig. 3. More 

detailed information concerning Conceptual 

frameworks contained in the above-quoted works 

of the authors. 

4. In TCS relations are more important than its 

separate cartographic subjects. So, such subject 

patterns, as representation patterns are used 

separately not only in Web cartography, but also in 

Classical cartography (see for example [8]). Just 

the relationship between artefacts of general and 

conceptual stratum creates a new fundamental 

quality of TCS. 

5. Solutions framework in specified TCS is an 

example of relational cartographic pattern. 

 

Conclusions  

 

In this work we presented some terms, concepts and 

facts of created theory of relational cartography. Some 

elements of this theory have already been set forth 

earlier in the quoted works of authors. To answer the 

question on the need of theory of relational 

cartography, following inferences can be stated. 

Any theory is required at least for: 

• explanation of existing phenomena, 

• acquiring new knowledge on research subject. 

We believe that today we need a theory that would 

explain such modern cartographic phenomena as 

cartographic or geo-platforms, neocartography, Web 

cartography etc. Naturally that scientific theory is also 

required to obtain new scientific knowledge on 

“cartographic systems”. To give an example of 

necessity and usefulness of a relational cartography, we 

are using the conceptual framework of electronic 

(geographic) atlases and atlas information systems 

(АтІС) from the work [14], namely its projection of 

Formations-Strata (see Fig. 4). 

HTML4, HTML5 and GeoPlatforms are stressed with 

red colour in Fig 4. Here HTML5 are treated as a triad 

HTML5+CSS3+JavaScript. This triad is significant for 

Web cartography in the lower strata in the Formation 

Web 1.02. In Formation Web 2.0 GeoPlatforms are 

added to the specified triad. OpenStreetMap is an 

example of GeoPlatform. 

Statements of previous paragraph have been obtained 

using two properties of CoFr of Cartographic systems. 

Firstly, this framework argues that elements of the 

lower strata are dependent on appropriate elements of 

the higher stratum. Secondly, elements-“neighbours” in 

“neighbouring” levels, strata and formations of CoFr 

are closely dependent on each other. Therefore, for 

example, when searching for HTML4 “neighbour” in 

the formation Web 1.02 we selected HTML5 

technologies, and not, say, Adobe Flex. 

 

 
Fig. 4 – Formations-Strata “Projection” of Conceptual 

framework of АтІС [14] 

General and conceptual strata of Web 1.02 formation 

include Training cartographic system, presented above 

as an example, including a relational cartographic 

patterns and web mapping pattern library.   

It should be noted that above described result 

concerning HTML5 has an analogue among result of 

Chapter 5 of the thesis [5]. So, in Fig. 5 (this is Fig. 

5.21 from [5]) the following structure of training 

modules is shown. 

It should be noted that cartographic library Leaflet is 

already de facto standard element of geoplatforms. 

Four empirical studies were performed by author in 

Chapters 1-4 to justify the results of Chapter 5 from 

[5]. The author performed: (1) a competitive analysis 

of existing web mapping technologies, (2) a needs 

assessment survey with web map designers and 

developers, (3) a diary study tracking the 

implementation of the same web map using a candidate 

subset of technologies identified from the first two 

studies, and (4) an exit survey collecting opinions from 

the diary participants. 

 
Fig. 5 – Learning modules for triad 

HTML5+CSS3=JavaScript and library Leaflet study [5] 

 

Described example confirms the possibility of using 

relational cartography elements for obtaining new 



knowledge in theoretical way. On the other hand, 

neocartography as a collective image of the modern 

non-classical cartographic phenomena without proper 

scientific theories are very similar to the process 

describing known infinite monkey theorem4. 

Due the mass extension of stated phenomena the 

classical cartographies are under the threat of mergence 

by this process. Relational cartography can help to 

eliminate “non-classical” sharpening of cartography 

crisis. 
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Towards relational cartography 

 

The article reviews the non-classical cartography 

phenomena - such as the mapping platform and modern 

electronic atlases. These phenomena have become 

incredibly popular in recent years, that is why 

cartographic science should pay attention to them. 

However, it turned out that knowledge and 

methodologies of classical cartography are not enough 

to work with the above mentioned phenomena. 

To resolve this contradiction, the authors propose a 

new direction in theoretical cartography – “relational 

cartography". A study area of relational cartography is 

defined as a variety of repetitive relations between the 

layers, maps, within and between cartographic systems. 

 

До питання реляційної картографії  

 

У статті розглядаються некласичні картографічні 

явища - такі, як картографічні платформи і сучасні 

електронні атласи. Ці явища стали неймовірно по-

ширеними в останні роки, тому картографічна на-

ука  має звернути на них увагу. Проте виявилось, 

що для роботи з вище згаданими явищами недос-

татньо знань і методології класичної картографії. 

Щоб усунути цю суперечність, авторами пропону-

ється новий напрямок теоретичної картографії -  

«реляційна картографія». Область дослідження ре-

ляційної картографії визначається як різні повторю-

вані відношення між шарами, картами, всередині і 

між картографічними системами.  

 

К вопросу реляционной картографии  

 
В статье рассматриваются неклассические карто-

графические явления - такие, как картографические 

платформы и современные электронные атласы. 

Эти явления стали невероятно распространенными 

в последние годы, поэтому уже не могут пренебре-

гаться наукой. Однако для работы с этими явления-

ми недостаточно знаний и методологии классичес-

ких картографий. Чтобы устранить это противоре-

чие, предлагается создать новое направление теоре-

тической картографии - «реляционную картогра-

фию». Область исследований реляционной карто-

графии определяется как различные повторяемые 

отношения между слоями, картами, внутри и меж-

ду картографическими системами.  


