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The algorithms of the Cartographic Knowledge Base must be based on procedures of in-
formation exchange and on the similarity between the map language and a natural language.
These two issues are described in detail because during the process of designing the algorithms,
both currents appearing at present in cartosemiotic - linguistic and classic - must be taken
into consideration. The linguistic current concerns the general rules of the map language, in-
cluding the principles of creating the cartographic communiqué and the principles of dividing
the mental image into separate communication units. The classic current concerns the techni-
cal rules of creating the basic communication unit, in other words, it explains the rules con-
structing the cartographic sentence on a map surface. Therefore, during the process of editing
the cartographic communiqué, it is better first to use the linguistic current and then the classic
one. Thus, it is advisable to investigate the cartographic editing as a two-stage process.
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INTRODUCTION

The cartographic editing is a complicated process. Its improve-
ment resulted in modern desktop mapping systems and GIS. As
a consequence, many map authors avoid expending time and
money on involving a cartographer. It does not, unfortunately,
appear to have led to a more widespread knowledge of carto-
graphic design, and the large number of poorly designed maps
is constantly bemoaned by cartographers. The mapping systems
that help the user to produce better maps or at least maps that
do not break the fundamental rules of cartographic representa-
tion and design are required. The Cartographic Knowledge Base
as a set of algorithms helpful in the process of map making is
the first step in this direction. The implementation of this set of
algorithms in the computer software used in the process of car-
tographic design will guarantee the editing of correct maps.

CARTOGRAPHIC COMMUNICATION AND
CARTOGRAPHIC WRITING

Communication is a process that allows organisms to exchange
information. Exchange requires feedback. The word ‘communi-
cation’ is also used in the context where little or no feedback
is expected, such as broadcasting, or where the feedback may
be delayed as the sender or receiver use different methods,
technologies, timing and means for feedback. Communication
can be defined as the process of meaningful interaction among
human beings. It is the act of passing information and the

process by which meanings are exchanged so as to produce
understanding.

Communication can be seen as a processes of information
transmission governed by three levels of semiotic rules:

a) syntactic (formal properties of signs and symbols),

b) pragmatic (concerned with the relations between signs /
expressions and their users),

c) semantic (study of relationships between signs and sym-
bols and what they represent).

Therefore, communication is a social interaction where at
least two interacting agents share a common set of signs and a
common set of semiotic rules. In a simple model, information
or content (e. g. a message in a natural language) is sent in some
form (as spoken language) from an emisor / sender / encoder
to a destination / receiver / decoder. In a slightly more complex
form, a sender and a receiver are linked reciprocally.

Communication between machines with the artificial intel-
ligence and human beings is achieved with the help of a code
which has a structure very similar to the structure of a natural
language.

In order to find means of editing a short, more clear com-
muniqué and at the same time one of an increased content copi-
ousness, ideographic signs were reached for the appreciation of
their independence of a spoken form of language. The conven-
tional ideographic signs and special logical-mathematical rules
enable to live up to this task in a greater degree. Thus, the carto-
graphic writing was born. The signs of the cartographic writing,
cartographic signs, are characterized by a thrifty graphic (or
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plastic) expression, albeit with a large semantic potential. A
communiqué fixed with the help of the cartographic writing
may be defined as a map. Its perception in an uncomplicated
and at the same time unambiguous way enables the transfer of
information about the surrounding geographic environment
between the author of a map and its user.

THE GENERAL PROCESS OF CREATING AND
TRANSMITTING INFORMATION AMONG PEOPLE

A substance conceived in the mind and also processed and
stored there is referred to as a psychic (mental) substance
(Kurcz, 1992). So far, science hasn't been capable of defining sat-
isfactorily what the psychic substance actually is. The memory
trace, an “engram’, has become a hypothetical unit of storing the
previously received sensations or the reactions of human senses
for the scientists engaged in those matters. What the nature of
this trace depends on is not clear yet, and a dispute over this
subject has been continued to this day.

People, having no possibility of a direct transmission of a
mental substance (their thoughts) amongst themselves, have
learned to utilize a physical notion for that purpose (Fig. 1).
Broadly speaking, the said notion is referred to as a channel
of transmission (transmission channel, connection channel). It
is utilized in two ways. In the first case, the sender organizes
a material substance of a transmission channel in such a way
that the attained creation would be of a closest resemblance to a
mental image, e. g. a picture of a painter. In the other case, a ma-
terial substance of the transmission channel is organized into a
set of signs of a given code, with the help of which a mental im-
age is depicted. Thus, the mental image appears in an encrypted
form. The signs are treated as notions of the mental substance,
and the code is understood as a system of signs serving the
means of communication.

The codes can be either natural or artificial. The natural
codes are a biological equipment of different species of animals
and serve as a means of intra- and inter-species communica-
tion. All human societies created and improved natural codes on
their way of evolution too, with the help of which they commu-
nicate well. These are the so-called natural languages. Artificial
codes, on the other hand, are exclusively a human creation, and
they serve both the means of interpersonal communication and
communication with inanimate information processing sys-
tems, such as computers. The natural codes can only be discov-
ered and researched on. The artificial codes can be created in an
infinite number (Kurcz, 1992).

A simple and a compound is yet another form of the divi-
sion of codes. A simple (directly defined) code is a group of signs
as material objects and meanings corresponding to them. This
means that this code includes two components of each code: the
material structure (physical form) of signs and their meanings
(semantics). So defined, a code is perceived as single-articulated.
When to these two components of code a third - syntax - is
added then such a code will prove to be able to produce new
signs in infinite numbers. It becomes a compound (hard to de-
fine) code. This code also contains two kinds of formal units
with different functions, i. e. units which have meaning (signi-
fying units) and units which distinguish meaning (distinctive

units). However, there is a difference between these two kinds of
codes. The minimal signifying units of the compound code can
be decomposed into distinctive units. Such code is perceived as
double-articulated (Chandler, 2007).

All natural languages consist of two classes of system signs.
One of them is a finite set of elementary signs called the vo-
cabulary (lexicon) of a given language. The other is an infinite
set of combined signs created on the basis of the basic signs.
The first class of system signs — the vocabulary - contains two
kinds of formal units. Words with their meanings are signifying
units. The spoken or written components of words (so-called
“elementary forms”) with their vocal or graphic substance are
distinctive units. The second class of system signs — the infi-
nite set of sentences — also contains two kinds of formal units.
In this case, syntactic rules of natural language enable to join
words (elementary signs) into sentences, producing in this way
combined signs. Each separate sentence expresses a predicate
(judgment). This means that its semantic contents differ from a
simple sum of the meanings of its individual elementary signs.
We can say that combined signs are signifying units. From this
point of view, elementary signs can be perceived as distinc-
tive units and a natural language as a double-articulated code.
Linguists treat double articulation as a specific feature of natu-
ral human languages.

Apart from these two classes of sign systems, one might well
look out for a third one which may be defined as an infinite
set of complementary signs. A complementary sign is a textual
composition, a group of sentences adequately arranged, joined
by a common leading theme. The meaning of a textual com-
position is not a simple sum of the sentences assembled, but it
results from the applied organizing rules (editorial guidelines)
and may be treated as a certain semantic unity.

A conclusion can be drawn from the foregoing text that in
order to recognize a given code as a double-articulated code (re-
gardless of its being artificial or natural) one should look for a
mechanism within a code, that would allow creating an infinite
set of combined signs from a finite set of elementary signs. In
other words, it would be a mechanism bearing the features of
a syntactic component. One can, therefore, characterize such a
code as ‘language’

As mentioned above, information transmitted among peo-
ple constitutes a mental substance which is equal to certain
observations. Broadly speaking, one can speak of a certain men-
tal image. Therefore, with the aid of a textual composition (an
amalgamated sign), an entire mental image, with the assistance
of a separate sentence (combined sign) its fragment, and with
the help of a separate word (an elementary sign) an image of
a single element are transmitted. Hence, a certain hierarchy of
the units taking part in the communication process comes out
depending on the role that they play in that process and on the
capacity and sort of transmitted semantic contents:

- an element of a communication unit — a semantic con-
tent composing a separate commonly accepted basic concept is
transmitted;

- a communication unit - a singular predicate (judgment)
is transmitted;

- a set of thematically interrelated communication units —
a set of predicates merged in a thematic unity is transmitted.
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Attempting to answer the question in what way a map
transmits information about the surrounding reality to its us-
ers, one must first ask a question: What the image of a map
really is? The intricacy of the answer will result from the point
of view. Actually, one can promptly reply that it is a construc-
tion of graphic (or plastic) elements drew up on a flat surface.
This construction, however, does not constitute a model in the
sense of a material (physically perceptible) model. As long as we

don't learn the meaning of particular elements of this construc-
tion, the image of a map will remain a meaningless puzzle of
lines, geometric figures, tinted spots and letters of different size.
As soon as we realize the meaning of particular constructional
elements, the image of a map will turn into a mathematical-
semantic construction to us, since the semantic content is in-
cluded within the shape, size and location of graphic (or plas-
tic) elements on a flat surface. Thereby, it can be stated that the
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image of a map contains certain information in an encrypted
form.

The structural relations among the constructional elements
of the image of a map are defined by the existence of simple
and compound semantic connections. Simple connections
emerge during the assignation of the psychical content to ele-
mentary constructional graphic elements. In other words, they
emerge at the very time of assigning a meaning to the carto-
graphic signs, i. e. during the process of creating the legend of
a map. Compound relations, as far as they are concerned, are
expressed in the emergence of a psychical content represent-
ing certain predicates as a result of transforming the psychical
content of the elementary graphic elements at the very moment
of recognizing them as superior constructional elements. If, for
instance, the cartographic signs specified in the legend of a map
are located on the surface of the map, in accordance with the
mathematical-geometric relations of the accepted map pro-
jection they become superior constructional elements. Also, if
the cartographic signs already located on the surface of a map
are merged into a semantic unity on the basis of logical rea-
soning, they become superior constructional elements as well.
Eventually, all the superior constructional elements are ulti-
mately amalgamated, depending on the editorial requirements,
into a constructional unity in the form of an integral, themati-
cally determined image of a map.

To people familiar with the principles of structural rela-
tions (in this case semantic, mathematical and editorial), the
psychical substance included in the image of a map will bring
about in their minds a spatially measurable and thematically
determined mental model of a fragment of the geographic real-
ity. This model will be thematically determined by the applied
simple and compound semantic relations. Simultaneously, this
model will be spatially measurable by reason of the applied
mathematical relations among the constructional elements of
the image of a map and the geographical environment. Such
relations are, on the one hand, the size, the shape or the loca-
tion of the constructional graphic elements on the surface of a
map in accordance with the factual state of the actual objects
represented with their aid. On the other hand, the mathematical
relations are also the quantitative and qualitative characteristics

which are represented with the assistance of other graphical as-
sets of the constructional elements, such as colour, the width of
a line or the kind of the sign’s pattern.

Relations described in such way are a result of the function-
ing of a code which defines the manner of assigning mental
contents to the respective structural elements. A psycholinguis-
tic analysis (Neytchev, 1996; 2001) reveals that this code is very
similar to the double-articulated code (like a natural language)
and the name of the map language can be applied to it. From
the psycholinguistic point of view, it constitutes a tool of a hu-
man mind with the help of which the so-called cartographic
composition, a cartographic communiqué, to be more precise,
is formed, and that is a map.

The concept of language is realized in three different aspects:

- of a system: a language is a system in respect of a set of
the formal-functional units existing within it, opposing to each
other on a scope—content basis and in this way mutually deter-
mining one another within the range of the whole,

- of an act of a speech: the application of the language oc-
curs in a given social circumstance and constitutes a certain
organized whole originating from an inception and conclusion
and an inner structure,

- of a text: a language is a text in the sense of a linear se-
quence of linguistic units created in the process of communi-
cating (speaking-understanding), based on a certain relational
combination of those units.

Linguists state that the smallest linguistic unit that makes
up a channel of transmission in the process of information
transmission is a statement. A statement is understood as a
concrete act of the usage of language for the communicational
purpose. It is expressed with the help of a sentence which si-
multaneously is its material realization (verbal or written), and
a realization of an act of speech as well. The act of speech ex-
presses intentions of the speaking person. It is the very motiva-
tion lying at the foundations of a given statement. Uttering a
sentence, a speaking person directs his statement to somebody
and he does it for some or other reason.

A table (Fig. 2) depicts the division of linguistic units ap-
pearing in the aforesaid aspects in accordance with the func-
tions presented above. A layout of the proposed units of the map
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language from its linguistic concept point of view is presented
in the table, too.

The complete scope of the activities related to creation
of a textual composition is arranged by structural principles
(semantic, syntactic and editorial) of a natural language. The
entire spectrum of the activities related to creation of the im-
age of a map is arranged by the structural principles (semantic,
mathematical-logical and editorial) of the map language.

AUTOMATION OF THE PROCESS OF
CARTOGRAPHIC EDITING

In the past, map authors, upon examining the available data
and perhaps producing a rough, hand-drawn map, would then
collaborate with a cartographer to produce the final image. The
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cartographic editing is a complicated process. Therefore, carto-
graphers try to automate this process. The result of their effort is
modern desktop mapping systems and GIS (Fig. 3) which have
the ability to produce high-quality linework, colour fills, com-
plex point symbols, and a legible text. As a consequence, many
map authors see no need to expend time and money on involv-
ing a cartographer. The increased availability in recent years of
inexpensive computer mapping facilities has led to a great in-
crease in the number of map authors who are able to produce
their own maps of a high technical quality (Fig. 4). It does not,
unfortunately, appear to have led to a more widespread know-
ledge of cartographic design, and the large number of poorly
designed maps is constantly bemoaned by cartographers. Such
maps are not the fault of the computer systems; most systems
are perfectly able to produce well designed maps when used by
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cartographically aware users. The problem lies with map au-
thors who have little knowledge or understanding of the basic
principles of map design and presentation.

If cartographic education is not likely to improve, what are
cartographers to do other than bemoan the increasing numbers
of poor maps being produced? What is required is the mapping
systems that help the user to produce better maps or at least
maps that do not break the fundamental rules of cartographic
representation and design. The area of computing science de-
voted to producing programs that include knowledge of how
an expert solves a problem is called Expert System. An Expert
System is essentially a program that includes a codified form of
the rules used by an expert to solve a problem. Thus, a carto-

graphic design expert system would include the rules a cartog-
rapher uses when designing a map (Forrest, 1999).

The first step in this direction is the creation of the
Cartographic Knowledge Base (CKB) in which the set of algo-
rithms useful in editing correct maps will be kept.

At the beginning, the Cartographic Knowledge Base can be
implemented in the Geographic Information Systems as a sepa-
rate module supporting the geographic data processing with
producing maps that do not break the fundamental rules of
cartographic editing (Fig. 5). The next step, in the near future,
can be the process of co-operation between the Geographic
Information System and the already separate Cartographic-
Design Expert System (CDES) (Fig. 6).
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TWO CURRENTS IN CARTOSEMIOTICS

The image of a map, according to the linguistic concept of the
map language, constitutes a cartographic communiqué, i. e. a set
of thematically related cartographic statements. A cartographic
statement is understood as a concrete act of the usage of a map
language. It is expressed with the help of a cartographic sen-
tence which simultaneously is its material realization as well as
realization of the act of map language usage. The mental model
of a fragment of the geographical environment is hidden within
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the set of semantic contents of those sentences. A user of a map
(a recipient of information), in an opposite way, perceives carto-
graphic sentences and recreates in his mind a transmitted men-
tal model of a fragment of the geographical environment with
the help of the map language (Fig. 7).

The linguistic concept of map language is the main issue
(the leading concept) of the linguistic current of cartosemiotics.
Formally, two currents are being now identified in cartosemiot-
ics: classic and linguistic (Fig. 8). The linguistic one concerns
the general rules of the map language, including the principles
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of creating a cartographic communiqué and the principles of
dividing a the mental image into separate communication units.
The classic current concerns the technical rules of creating the
basic communication unit, in other words, it explains the rules
constructing a cartographic sentence on the map surface.

Differences between both currents are not antagonistic. The
linguistic current tries to represent “the pure technical” princi-
ples of classic map design by “more humanistic” linguistic rules
of editing a cartographic communiqué. In this case, the carto-
graphic communiqué is defined as a “discourse”. This method
of editing maps is more similar to the mechanisms of human
mind work. The map symbolism as a semiotic system is very
similar to the system of the natural language. Therefore, we
can say that the procedure of information transfer using a map
image is very similar to a similar procedure using the commu-
niqué of the natural language. During the process of editing a
cartographic communiqué, it is better first to use the linguistic
current and then the classic one. Thus, it is advisable to investi-
gate the cartographic editing as a two-stage process.

CONCLUSIONS

The process of creating a cartographic communiqué, in other
words, the process of editing a map, consists of two stages. A
cartographic statement as the basic communication unit joins
both stages. At the first stage, the cartographer splits the mental
substance of a mental image in his mind into separate parts.
Each of them will constitute the mental content of a separate
communication unit. Editorial guidelines (or organizational-
stylistic rules of the map language) regulate the content-related
correctness of this division. At the second stage, the individual
communication units are created. It means that the mental sub-
stance of individual parts of the mental image is being merged
with the physical carrier. For the linguistic current, this is cre-
ation of separate cartographic sentences according to gram-
matical rules of the language of the map, as well as from general
relations, resulting from the division of the mental image. For
the classic current, this means creation of separate, semantically
determined graphical structures based on an appropriate pro-
cess of putting cartographic signs on the map surface accord-
ing to the spatial location of objects or phenomena represented
by them, as well as taking into consideration their quantitative
and qualitative characteristics. The relations that appear among
the neighbouring objects or phenomena are also taken into
consideration. The material realization of semantic graphical
structures should at the same time consider the construction
of the graphical composition of the map image in which the
mental model of a fragment of the geographical environment is
encoded. On its base, in the mind of the user of the map, there
arises a spatial, thematically limited mental image of the geo-
graphical environment.
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KARTOGRAFINIUY ZINIU PAGRINDAS FORMUOJANT
LINGVISTINES KRYPTIS KARTOSEMIOTIKOJE

Santrauka

Kartografiniy kariniy redagavimas yra sudétingas, todél siekiant jj pa-
tobulinti buvo sukurtos modernios kartografavimos sistemos ir GIS.
Tadiau daugelis Zemélapiy sumanytojy nelinke eikvoti 1é8y ir laiko to-
buly kartografiniy Zemélapiy karimui, tad net ir esant labai pla¢ioms
kartografinio dizaino galimybéms, naudojami tradiciniai, grafiskai
skurdis metodai. Rengiant profesionalius kartografus jy interesus bi-
tina nukreipti j jvairesniy kartografavimo vizualizacijos budy paieska.
Tai vercia permastyti ir perzitréti kartografavimo bady sistemas, pa-
dedancias kurti geresnius Zemélapius ir neignoruojancias pagrindiniy
kartografinio vaizdo pateikimo ir jo dizaino taisykliy. Kompiuteriniy
programy visuma leidzia kurti tinkamo dizaino Zemélapius bei tinka-
mai juos redaguoti.

Autoriaus nuomone, bazinés kartografinés Zinios turi bati for-
muojamos remiantis tarp kartografinés kalbos ir nataralios verba-
linés kalbos egzistuojanciais informacijos perdavimo pana$umais.
Straipsnyje detaliai apibadinamos Sios dvi savokos ir atskleidziamas
ju turinys. Jis svarbus, kadangi kuriant kartografinius algoritmus vienu
metu operuojama ir kartografinémis, ir lingvistinémis semiotinémis
kategorijomis. Lingvistinés kategorijos suformuoja svarbiausias ,kar-
tografinés kalbos“ nuostatas, nulemiancias kartografinj komunikavi-
mg. Pastarasis yra paremtas mintyse suformuoto kartografinio vaizdo
skaidymu j atskirus standartizuotai suvokiamus (komunikacinius)
segmentus. Kartografinés semiotinés kategorijos apima taisykles, ku-
riomis remiantis kuriami $ie standartizuotai suvokiami (komunika-
ciniai) segmentai. Kitaip tariant, kartografinés semiotinés kategorijos
padeda konstruoti sudétingus kartografinius vaizdus, lemiancius Ze-
mélapio vaizda.

Zemélapiy redagavimo metu veikia tokia pat schema: kartografine
komunikacija pradzioje formuoja lingvistinés semiotinés kategorijos,
veliau — kartografinés. Visa tai leidZia kartografiniy kariniy redagavi-
mg i$skaidyti j dvi fazes ir kiekvienai taikyti atitinkamus semiotinius
principus.



