[image: image1.jpg]Nodes
Poists 1
¥ Foints2
Liske 1
L] Liske2
T
LR ]
spaTLL
sonT Lo
DEmp
oEErT STREUTE
NODULE NoDULE STRUCTURE
VRTUAL NP
ToED
sonT
NoDE L
o s e fe—s] moDmE

Figure 3. Representation of Deep and Surface Spatial Structure
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ABSTRACT
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For the last several years the International Cartographic Association (ICA) has been searching for ways to expand the conceptual definition of the map so that it better represents the wide range of cartographic products found in the real world.  Most members understand that the current ICA definition of a map is in need of modernization.

This paper will investigate this problem and propose several conceptual and theoretical ideas which can strengthen the ICA definition of a map that is better harmony with the real world.  These ideas involve the concepts of real and virtual maps which immediately expands the static definition of the map.  Then the concept of Real/Virtual map transformations brings in the notion of dynamics in a conceptual, temporal and spatial domains. Further, Nyerges concepts of Deep/Surface structure greatly help in placing many of these new "maps" in a well defined theoretical structure.

Together, these concepts which have come out of Analytical Cartography help to expand the ICA definition of a map to encompass every kind of cartographic product imaginable.  These concepts also great assist in understanding what one is doing to map data as it is being transformed between these various forms of Real/Virtual maps, structure domain, and data levels.  Several examples will be discussed to better understand how these concepts can be used in various kinds of cartographic research.

I. INTRODUCTION
Maps as cartographic display devices of geographic reality have been used throughout the world for several thousand years. Until recent decades, most of those maps have been hard copy, usually printed on a flat medium such a vellum or some kind of paper.  In more recent centuries, scientists and practitioners have tried to define more specifically  define a map as a graphic representation of reality.  Andrews (1998) has collected a set of more than 300 definitions of a map that date as far back as 1649.  However these definitions, with a few exceptions, still view maps as hard copy graphic displays of geographic reality. 

In more recent years, cartographers and spatial scientists have realized that there is a further reality for the concept of a map as a perceptual object, or as an extended kind of virtual map, neither of which necessarily has a hard copy reality about it.  Indeed, many new kinds to computer generated maps have been developed which do not meet the traditional hard copy definition of a map. 

The International Cartographic Association (ICA) has recognized this trend in recent years, and has moved to modernize their working definition of a map.  At the recent 2003 Durban Congress the ICA has in its ICA Strategic Plan for 2003-11 (ICA, 2003) recognized the expanding definition of a map due to the new scientific and technical developments of generating, manipulating and displaying such map data and information.

The ICA Strategic Plan approved by the Durban Congress is moving in the right direction to recognize these new developments, and then work towards expanding the concept and definition of a map.  In doing this, they moved into the domain of Real and Virtual maps.  The balance of this paper focuses on the deeper concept of a map, its characteristics, and what that resulting insight provides to the user.  

II. Real and Virtual Maps
Beginning in the early 1960s, new electronic technological devices began to be employed in the mapping sciences. These were graphic display devices for 2-D visualization, digitizing systems for extracting coordinates and attribute information from hard copy maps, and a variety of plotters.  By the 1970s these kinds of equipment began to increase in sophistication.  Along with these developments researchers began to develop ad hoc names for the visual displays as "temporary maps", and  the term "nonmaps" for spatial and geographical databases.  These terms were based mostly on the technology involved, and did nothing to clarify or extend the concept of the map to cover these new developments in the field.  More recent developments such as the U.S. National Map (U.S. National Research Council, 2003) are not covered with the traditional hard copy definition of a map either.

At approximately the same time, communication view of the field of cartography arose which recognized the concept of mental maps, those registered in the mind of the reader.  Later these were named cognitive maps.  This communication view of cartography and cognitive maps were eloquently discussed by Robinson and Petchenik in their book "The Nature of Maps" (1976).  These sorts of cognitive maps certainly are very different from conventional hard copy maps, and the traditional definitions of a map does not cover these kinds of maps either. 

In 1974 in the premier issue of the new American Cartographer,  Joel Morrison (1974) wrote an article titled "Philosophical-Technical Aspects of Thematic Cartography".  In that article, among other things, Morrison made a public call to expand the concept of what constitutes a map.  

Moellering was challenged by Morrison's call for expanding the definition of a map, and in the late 1970s and early 1980s (1977b, 1980, 1984) developed the concept of Real and Virtual maps.  This greatly expanded the scientific concept of what constitutes a map beyond the conventional definition to include various spatial products as diverse as CRT image displays, hard copy, data storage, mental maps, spatial databases, and National Map.

From this thinking emerges an expanded conceptualization of a map that encompasses two primary scientific characteristics that exhaustively define four classes of real and virtual maps that are:

* Is the product directly viewable as a spatial image? Yes/No;

* Is the product hard copy? Yes/No.

This strategy follows the approach first instituted by Linnaeus (1735) in this book Systema Naturae where he introduces the concept of classification into modern science.  If one finds a diverse collection of things, like diverse "map" products, one basic strategy of science is to classify them.  Moellering (1977b, 1980) did that with all of the conventional and nonconventional definitions of maps, identified those two fundamental characteristics that resulted in a fourfold classification system of the four classes of Real and Virtual maps as presented in Figure 1.  

The classes of Real and Virtual maps can be described verbally in the following way:

* Real Maps: Yes directly viewable; Yes hard copy - topographic sheets, globes thematic maps, 3-D solid surface carvings, block diagrams, etc.;

* Virtual Map Type I: Yes directly viewable; Not hard copy - CRT computer displays, video projector displays, virtual CAVEs, dynamic glasses, mental maps (2, 3-D cognitive images);

* Virtual map Type II: Not directly viewable; Yes hard copy - anaglyphs, gazetteers, stored holographic images, stored Fourier transforms, CD-ROMs, DVDs, etc.;

* Virtual Map Type III: Not directly viewable; Not hard copy - Digital Terrain Models, spatial databases, computer memory, magnetic tape, cartridges, cassettes, etc., and mental maps(itineraries, lists of directions, etc.) etc.

These four classes of Real and Virtual maps include all geographic information products in the spatial universe.  It should be noted that this classing system is exhaustive, meaning that all geographic, spatial and cartographic products can be included in this classification, but that all such new products invented in the future will also fall into this classification system.  Hence, one can now be much more specific about the kinds of spatial product one is discussing, and its crucial characteristics.  This system then includes all forms of spatial information products, including all forms of maps.

III. Transformations of Real and Virtual Maps
With the fundamental definitions of Real and Virtual maps firmly established theoretically and conceptually, one can examine transformations between their various states as shown in Figure 2.   In a way this builds on Tobler's (1961, 1979a) concept of cartographic transformations, but rather than coordinate transformations, these presented here are transformations based on the form of the spatial, geographic and cartographic information.  For example, if one has a display on a personal computer CRT screen, and then needs a hard copy of it, he just pushes a button on the computer and the screen image is sent over to some kind of hard copy unit or plotter to generate the paper copy.  The paper copy contains the same information as the computer CRT screen image.  The only difference is the form of the CRT image, directly viewable as a spatial image, and not hard copy, as opposed to the hard copy map which is directly viewable as a spatial image, and hard copy paper.  So the transformation changed the form of the information, but not the information itself.

This leads to a structure of 16 Real and Virtual Map Transformation possibilities going from one form of map to another.  There is not room in this paper to define all 16 transformations here, but one can define a few of the more important ones:

R/V Transformation


Example
* R ==> R could be traditional hand drawn cartography;

* R ==> V1 could be a person reading a hard copy map;

* V1 ==> V1 could be a person reading a CRT display screen;

* R ==> V3 is the process of digitizing;

* V1 ==> R is making a CRT screen hard copy map;

* V3 ==> V1 is the CRT display of digital data from the PC memory;

* V1 ==> V3 is clicking a CRT screen menu bar as a command for the PS Computer Processing Unit <CPU>;

* V2 ==> V3 could be reading data from a CD-ROM into PC computer memory;

* V3 ==> V3 could be Tobler's mathematical coordinate transformations;

* V3 ==> V3 could be writing digital data from computer PC memory to a floppy disk, etc.

* V3 ==> V3 could be reading a digital data file from a Spatial Data Infrastructure network to a computer memory;

* V3 ==> V2 could be writing digital output to a CD-ROM, or printing digital output;

* V3 ==> R  is digital generation of a hard copy map from a digital cartographic database.

The total number of kinds of conceptual transformations is 16, but if one takes into the various sorts of cartographic products with different technologies, potentially there are more than a hundred possible.  In all cases, these 16 kinds of transformations can be used to define any possible spatial data transformation, including cartographic communication models (Moellering, 1987b).  Hence, these 16 map transformations can be used to define all kinds of spatial data operations in the spatial sciences.

IV. Deep and Surface Structure
Nyerges(1980, 1991b) was also the first to introduce the concept of Deep and Surface Structure into Analytical Cartography and the spatial sciences in general as shown in Figure 3.  This creative research was carried out in his 1980 dissertation.  This work is modeled on the work in transformational linguistics by Noam Chomsky (1965) which examined the linear linguistic syntactic patterns of written words and speech.  Underneath this is the linguistic deep structure that deals with the semantics.  Nyerges extended this concept into the 2-D, and 3-D  spatial data domain with the concept of Deep and Surface Spatial Structure:

* Surface Structure: Spatially displayed geographic data; usually as a visualized map; can be the Real World itself.  This is usually a Real map or Virtual map Type I.

* Deep Structure: The graphic and nongraphic attributes, relationships and interactions between spatial entities or objects.  This is usually a Virtual map Type II or Virtual map Type III.

Nyerges' discovery and recognition of spatial deep structure has profound scientific and philosophical implications for the spatial sciences.  In cartography, it has helped to identify the "new half" or "second half" of the field, which is usually called Analytical Cartography.  Eventually Geographic Information Science will recognize a debt to Nyerges' concept of Deep and Surface Structure too.

V. Merging the Concepts of Deep/Surface Structure & Real/Virtual Maps
When one combines together the concepts of Deep/Surface Structure and Real/Virtual maps, one can begin to understand all kinds of spatial data operations on a systematic conceptual and theoretical level that goes beyond the technology involved.  Hence, one could understand Spatial Data Infrastructure file transfers as Virtual 3 Deep Structure spatial data file transfers.  The operation of various National spatial data transfer standards processes also as Virtual 3 Deep Structure transfer processes.  

One can also understand that the 16 fundamental transformations are the highest and most general level at which one can conceptually work.  It is also possible to move down into more detailed subtransformations to understand a particular spatial data process in more detail.  For example, digitizing at its most general level operates as a R ==> V3 data operation.  But inside of that general transformation are hundreds of subtransformations.  For each x,y point digitized, a V2 ==> V3 subtransformation transfers the data tablet location into the Computer PC memory V3, and then usually displays that coordinate on the CRT screen via a V3 ==> V1 subtransformation. If one had a thousand points in that single line, these subtransformations would be utilized a thousand times!  Moellering (1983) presented an example of R/V logical transformation structure for a small digitizing system.

VI. Interactive Spatial Data Processing Systems
With the about half of the basic Real/Virtual map transformations, one can construct the logical structure of an interactive spatial data processing computer system.  The most basic interactive computer system structure is shown in Figure 4.  Here many of the Real/Virtual map transformations are used, even at this basic level.  These basic map transformations can be seen as follows:

DATA INPUTS:

* R ==> V3 is the process of digitizing;

* V2 ==> V3 could be reading data from a CD-ROM into PC computer memory;

* V3 ==> V3 could be reading a digital data file from a Spatial Data Infrastructure network to a computer memory;

INTERNAL SYSTEM PROCESSING:

* V3 ==> V1 is the CRT display of digital data from the PC memory;

* V1 ==> V1 could be a person reading a CRT display screen;

* V1 ==> V3 is clicking a CRT screen menu bar as a command for the PS Computer Processing Unit <CPU>;

* V3 ==> V3 could be Tobler's mathematical coordinate transformations;

DATA AND PRODUCTS OUTPUT:

* V1 ==> R is making a CRT screen hard copy map;

* V3 ==> V3 could be writing digital data from computer PC memory to a floppy disk, etc.

* V3 ==> V2 could be writing digital output to a CD-ROM, or printing digital output;

One can consider the overall Interactive Spatial Data System and its more detailed design.  Moellering (1977a) examined the interactive communication design of such a system.  Today this discussion would be centered on the Graphic User Interface (GUI).  In a more modern Deep Structure setting, Nyerges (1991a) considers such systems from the perspective of analytical Map use, using the "big" modern definition of a map that includes a V3 spatial database.

Summary & Conclusions
As a result of the discussion above, one can see that the concept of real and virtual maps is a rich and comprehensive scientific concept.  It is a systematic concept that expands and enriches the definition of a map that can continue to serve an important role in our modern and expanding world.  The expansion of the map into the virtual domain enables the map concept to deal with scientific situations that have arisen in recent decades, say the perceptual map reading and communicating process, and the rise of computer-based spatial data processing and visualization systems.  

The added notion of Real/Virtual map transformations, based on and expanded beyond Tobler's transformational concepts, enables one to analyze and understand various cartographic activities as transformations between various forms of Real and Virtual maps.  This then presents the opportunity to express various cartographic process in terms of these Real/Virtual maps transformations.  So again, things like perceptual map reading and visualizing, and the operation of spatial database processing systems can be more easily understood.  So these processes and systems can be modeled at a fundamental level using these Real and Virtual map transformations.

Nyerges' notion of Deep and Surface structure provides an additional insight into understanding these processes.  So when the Deep/Surface structure and Real/Virtual map transformations are combined together, our understanding of these cartographic map processes and technologies becomes even richer.  

This paper has only presented the fundamentals of these concepts and transformations, but it is straightforward to understand that together these concepts deepen and enrich our understanding of these map related precesses and technologies.
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Figure 1. The Scientific Definition of Real and Virtual Maps
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