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Abstract. 
What are the main concepts behind the new geographic systems like Google Earth or 
NASA World Wind? How do they relate to the current GIS mechanisms? What new do 
they bring to the society? Or, what are the differences compared to cartographic maps? 
These questions are recently asked at IT departments of companies dealing with geographic 
information as well as in various agencies that collect, maintain and provide geographic 
data. This text approaches the hype around these technologies from a more academic 
perspective. The main question addressed here has rather the following form; what new 
problems do these systems address in terms of research and science? The argumentation 
concentrates on geographic spatial referencing, uniform organization of geographic data on 
a network, and relates them to the Internet services and to methods of navigation in three-
dimensional virtual environment. These seemingly separate topics are identified as 
cornerstones of complex systems that attempt to augment information services with a three-
dimensional model of the environment we inhabit. One possible solution and 
implementation of the core concepts is introduced. This software platform is provided to 
the community as an open source project called GRIFINOR. 

1 Introduction 
In terms of geography, three-dimensional representation brings some new possibilities to 
mapping, which traditional cartographic maps cannot provide. One of the most prominent is 
the ability to create a model for an entire planet in scale 1:1 without restrictions to 
dimensionality of the model’s geometry. This is a tempting challenge for researchers and 
companies with many problems to solve. One issue is how to acquire all necessary 
measurements with sufficient accuracy and how to process them in order to construct the 
model. Another question of an equal importance is how to design a technology that allows 
people to exploit the model. This text addresses the later question, and based on the 
experience from the GRIFINOR project1 attempts to identify common aspects that these 
technologies have to deal with. 
 
A research subject targeted on a technology that provides an interaction with three-
dimensional digital model of the entire planet in one-to-one scale tends to be complex to 
define. It can be recognized subjectively as it deals with modelling of an environment in 
which we live. Therefore terminology including the name for this subject remains unclear 
although multiple terms have been used when referring to such technology. The term 
“digital earth” (Gore 1998) was officially accepted in 1999 by an inter-agency working 
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group established in the United States. But the terms “virtual earth” or “virtual globe” have 
been used since with a similar meaning. From the commercial sector recently came term 
“geographic exploration systems” first used at ESRI’s User Conference in 2005. Sometimes 
two of these terms are used2 in the same text referring to one technology. Finally variants 
based on more the traditional term geographic information systems (GIS) (Tomlinson 
2000) are used, such as “3D GIS”, “2nd generation GIS”, or “global GIS” with overlapping 
meanings. Nevertheless there are very few research works that address the relevant 
technological concepts. And if they exist, such as (Cignoni et. al. 2003) or (Aasgaard and 
Sevaldrud 2001), they originate from different domains of science and do not use the above 
mentioned terms. 
 
In order to refer to the three dimensional graphical content, which the technology in focus 
should deal with, a term model-map is used in the article. The term was used in (Kjems and 
Kolar 2005) and refers to a three dimensional model of geographic features in an area, 
which is geographically referenced like traditional cartographic maps. The term global 
model-map is used when it is important to stress that the model covers the entire planet, 
since a model-map can have only local coverage. 
 
The main part of the article consists of four sections. Each section concentrates on 
arguments about a selected issue that is considered important for the systems providing a 
global model-map. The selection of the aspects aims at addressing problems that are 
missing or remain unsolved compared to GIS, which is considered the most related 
technology. The identification of the cornerstones as well as all the ideas comes from the 
GRIFINOR project. The arguments collected in each section are supported by the solutions 
that have been implemented in the GRIFINOR system. These solutions are used as an 
example, but they demonstrate how all of the cornerstones mentioned in the article can be 
found in a single system. 

2 Spatial referencing and coordinate systems 
Any geographic software must select which coordinate system to use. It should be stressed 
that it is an elementary decision that influences the algorithms of the implemented 
functions, data representation as well as data management. Additionally, in case of three-
dimensional applications, a reference surface for heights must be chosen as well. This is of 
the same importance for these systems as the horizontal position. 
 
Regarding the coordinate system, every important GIS today is built around the spatial 
concepts used for the creation of cartographic maps. The data are organized in planar “tiles” 
and analysed using planar Euclidean geometry. Planar geometry has many advantages in 
terms of computational complexity and provides sufficient results for many practical 
applications. However, one must realize that each planar “tile” is associated with a 
transformation process to a selected cartographic projection, as illustrated in Figure 1.d. 
Dealing with the projections has some negative aspects, such as geometric distortion, 
limited spatial range, numerical precision, diversity of projected reference systems and 
others (Kjems and Kolar 2005), which requires specialized staff, complicates the 
development of a computer system and affects data exchange and interoperability. 
 
The reference surface for the three dimensional mapping introduces a conceptual paradox 
to the GIS technology. One should consider the plane of a cartographic map as an 
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approximation of the shape of the Earth (or of a part of it). A plane has a simple definition 
and since its mathematical description is explicit for each map, storage of any data for its 
definition is unnecessary. This is a great advantage, which is well exploited in GIS systems. 
But the plane as a representation of the planet’s figure coincides with the representation of 
the terrain relief. On the map both surfaces are enforced to be de-facto the same plane, and 
for users the conceptual difference is usually unimportant or, in a worse case, can be 
unclear. Nevertheless, model-maps that represent fractions of topography in three 
dimensions are today also built on top of these “tiles”. This causes the paradox mentioned 
above because the three dimensional geometry is used to represent geographic features in a 
skewed space that is defined above the projected “tile” even though it is (technically) 
unnecessary. Consequently all the negative aspects of projections mentioned in the previous 
paragraph are inherited, while all of them can be simply avoided. 
 

 

Fig. 1. Coordinate systems and reference surfaces in GRIFINOR 

For the design of new systems providing a global model-map it is suggested to turn to a 
geocentric coordinate system as the primary system. Concepts for data representation, data 
management and all elementary functions should be based on a single origin and 
orientation that can be used for spatial referencing around the entire planet. The reason for 
the paradox mentioned above can be considered as a consequence the evolution of GIS into 
three-dimensional space. However the global model-map systems follow a different 
concept of spatial referencing. It is important to realize that this difference lies at very core 
of these systems and affects nearly every part of the system, including the data. Therefore 
in terms of system design and development the change of today’s GIS to global three-
dimensional systems cannot be regarded as an evolution. Due to the conceptual differences 
it would rather become a revolution, meaning that new systems need to be developed. 



 
2.1  Spatial Referencing In GRIFINOR 
GRIFINOR eliminates the use of cartographic projections from concepts of all elementary 
parts of the system, including the data representation. Three dimensional coordinates with 
origin coinciding with the Earth’s centre of masses are used for referencing. The definition 
of the axes is analogous to the World Geodetic System3 (WGS), meaning that the z-axis is 
defined by the North Pole and the x-axis lies in the equatorial plane and points to the Prime 
Meridian, where the reference pole and the meridian are defined by International Earth 
Rotation and Reference Systems Service4 (IERS). For this origin and orientation, three 
systems of coordinates are used in GRIFINOR when convenient. Right-handed Cartesian 
coordinates [x,y,z] (see Figure 1.c) are used for data representation, visualization and 
indexing (see the next section). Spherical coordinates [Φ, λ, r] (see Figure 1.a and 1.b) are 
used for indexing and representation of the geopotential model of the Earth that is described 
later in this section. Geographic coordinates [φ, λ, H], where H is ellipsoidal height (see 
Figure 1.a and 1.b), are currently used only for reporting a position on the Earth to the user. 
Conversions between these systems were implemented in GRIFINOR. 
 
In GRIFINOR height is as important a measure as the position on a mathematical surface, 
such as a plane or an ellipsoid. However height, as a geodetic term, has multiple definitions 
(Torge 2001) and must be applied correctly. For sake of clarity, only a distinction between 
normal height and the ellipsoidal height is made here. Normal height has a physical 
explanation while the ellipsoidal height has a mere geometric meaning. The reference 
surface for normal height is defined by all points with the same gravity potential, which is 
closely associated with the mean ocean surface. Such reference surface is the geoid (see 
Figure 1.b).  The difference between ellipsoidal and normal heights can exceed hundred 
meters depending on the location on the Earth. This imprecision is unacceptable for a 
global model-mapping system that should be also capable of addressing details about 
constructions in urban areas. Since the definition of normal height works only under 
presumption that the coordinates of the point are determined in the gravity field of the 
Earth, a model of that field is implemented in GRIFINOR. For this purpose a geodetic 
method for gravity potential based on spherical harmonics (Torge 2001) was implemented. 
The coefficients of the Earth Geopotential Model 1996 (Lemoine et al. 1998) have been 
used as data about the variations of gravity potential. 

3  Spatial indexing and queries 
Spatial indexing, as a subject dealing with organization of data and algorithms that aid a 
rapid access, can be regarded as “quiet waters” in GIS. Today’s GIS are based on two-
dimensional indexing techniques such as R-trees or quadtrees (Silberscahtz et.al. 1997), 
which have been solved thirty years ago. However as identified in the previous section, the 
systems dealing with global model-mapping have other approach to spatial referencing and 
therefore need different indexing technique than the current GIS systems. It is safe to 
expect that some three-dimensional variations such as octrees can be used. But the 
development of alternative indexing approaches might also be considered, especially in the 
domain of spherical or even geographic coordinates. A combination of several indexing 
approaches may also be feasible, as there are geographic data of diverse nature. 
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It was mentioned in the previous section that the plane of a map is regarded as a 
representation of the Earth’s figure and that the same plane coincides with the 
representation of the terrain relief. This causes a scenario in which the terrain data are 
“optional” for maps. In terms of spatial indexing it is important that any additional data 
about the shape of the terrain, such as contours or elevation points, can be usually indexed 
using the same mechanisms as other points, linear or polygonal features. This is because 
they are represented with respect to the same planar geometry. However, this scenario may 
change when shifting to the three-dimensional space. It definitely changes when dealing 
with the systems for global model-mapping, where either geoid or terrain data play the 
defining role similar to that of the plane of a map. 
 
In model-maps the geometry of the terrain has a clear distinction from the geoid that 
represents the figure of the Earth. These surfaces are different in space, and none of them 
has a simple or explicit mathematical description either. Data5 must be stored in order to 
define both of these surfaces. The importance of the terrain representation increases 
dramatically in model-maps, because it provides the surface that nearly all other geographic 
features are related to. Both of these surfaces have a common characteristic of being 
continuous around the entire globe, which might be convenient for indexing in terms of 
spherical geometry. This also distinguishes these surfaces conceptually from many other 
geographic features. 
 
The arguments given above support the use of multiple indexing techniques; a separate 
indexing for data representing phenomena that spans entire globe, such as the topographic 
surface, while another indexing method can be suitable for individual geographic features 
such as man made constructions or vegetation. However, this suggestion cannot be 
generalized. How convenient it is to use multiple indices depends on the nature of data and 
on queries that the index supports. A good example of a query type that all global model-
mapping systems need to deal with has a form; “retrieve a part of the model-map that 
should be shown at a given position”, which is also a generic query used for visualization. 
 
3.1  Spatial Indices In GRIFINOR 
The primary goal of indexing in GRIFINOR is to group data about geographic features   
according to their position and importance for visualization. This is necessary in order to 
aid visualization queries, which are essential for updates of the three-dimensional scene of 
the model-map. GRIFINOR uses two original indices. Properties common for both indices 
are: 

• space driven 
• use hash index on top of B-tree. 

 
GRIFINOR implements space driven indices, because they ensure a fixed, invariant 
subdivision of the space. This is feasible when storing the content of an index on different 
hosts is required. GRIFINOR uses two-level indexing mechanism. On a lower level indices 
exploit a sorted ordering of data for storage through B-tree (Silberschatz et.al. 1997). The 
common implementation of B-tree then closely relies on two different hash indices. Hash 
indices, in contrast to the order indices, are based on the data distributed uniformly across a 
given range of "buckets", where the "bucket", in which a record is stored, is determined by 
a function. By the two-level mechanism GRIFINOR achieves that the use of an index can 
be split between two more or less independent components. Both of the properties are 
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crucial for the network architecture of GRIFINOR, which is described in the next section. 
The rest of this section introduces the hash part of the indices. 
 
3.1.1  GIG 
GRIFINOR implements the global indexing grid (GIG), a method first introduced in (Kolar 
2004a) and further developed in the author’s doctoral thesis. The solution is subject to 
discrete global grids (Sahr et.al. 2003). The subdivision of the three-dimensional space is 
based on the tessellation of sphere using a geometric structure, called the Voronoi 
diagram6. A similar concept was introduced in (Lukatela 1987). In contrast to Lukatela's 
work where tessellation depends on distribution of data in space, GIG defines a space 
driven subdivision. Another important property of GIG is that the subdivision is defined at 
many levels of resolution and thus supports multi-resolution data representation, which is a 
requirement for any global model-map system.  

Fig. 2. Geometric interpretation of GIG tessellation and GIG cell on the unit sphere. 

The subdivision unit of GIG is a cell as illustrated in Figure 2. A cell consists of all the 
points with an angular distance to the vector of cell's centroid smaller than to a vector of 
any other centroid. Note that the geometric representation of the cell is a cone that goes to 
infinity and thus tessellate entire three-dimensional space. GIG is based on spherical 
coordinates as introduced in the previous section. Details about GIG can be found in the 
works mentioned above. GRIFINOR uses GIG for data representation of the topographic 
surface and geoid. The solutions are addressed in (Kolar 2004b) and (Kolar and Ilsoe 2005) 
and the author's doctoral thesis. 
 
3.1.2  DSO 
For the indexing of individual geographic features, such as houses, GRIFINOR deploys an 
original depth-smart octree (DSO) method.  DSO is an octree-like hierarchical subdivision 
with variable depth, which allows associating an arbitrary number of records to any 
subdivision unit. The units have a significant spatial interpretation as cubical cells, where 
each cell on a given subdivision level has one eight of the volume compared to its parent 
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cell, as depicted in Figure 3.a. The root cell sets the limit to the spatial range of the index. 
In GRIFINOR the root cell has sides approximately 34360 kilometres long (see Figure 3.b) 
with centre of the cell and cell orientation coincided with the origin and orientation 
introduced in the previous section.  
 
In DSO each cell is identified with a unique string (identifier), which is used by B-tree 
index when the data are actually stored (the same holds for GIG). The construction of an 
identifier is based on binary subdivision which is applied to the root cell in each dimension.  
This means that the identifier consists of three sub-strings. The example depicted in Figure 
3.c shows sub-strings for the first three DSO levels. The implementation of DSO in 
GRIFINOR has 31 levels. 

 

Fig. 3. DSO subdivision and construction of DSO cell identifier 

The main idea behind DSO is that features that are more important for visualization are 
indexed in the larger cells from a subdivision level, closer to the root. The measure of the 
importance must be solved as a separate task. Through this mechanism GRIFINOR deals 
also with multiple levels of detail of a single feature. Although both measure of the visual 
importance and multiple level of detail are major subjects in GRIFINOR, their description 
is out of the scope of this text. 

4  Interoperable network service 
Interoperability and data exchange remain unsolved problems for GIS. This suggests the 
same situation when dealing with global model-mapping systems. A solution to 
interoperability is considered the third cornerstone that should be addressed in the new 
systems. Generally speaking this implies the ability to provide the model-map over the 
network so that it can be used by different applications. The core issues are the 
communication of data between two system components on the network and the overall 
network architecture of these components. A solution would result in a network service 
similar to those provided by map servers, operating system updates, or by decentralized 
systems like BitTorrent7. Such a capability is advantageous in today's information society. 
Communicating data so that a model-mapping system would work over the network is 
closely related to the concepts of the data management, which has been addressed in the 
previous section. In general the communication consists of query messages and response 
messages sent between the systems components. The query messages are closely associated 
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with the queries supported by indexing mechanism. The definition of such messaging 
mechanism, referred to as protocol, should be regarded as part of the systems for global 
model-mapping. For planar maps standard definitions of a protocol exist, for example the 
web map service8 provided by OGC (WMS). However the protocol for the global model-
mapping systems cannot be the same like that of WMS due to the different concepts about 
spatial referencing and indexing (see the previous sections), but also because the 
visualization of the three-dimensional scene and the navigation in it (see the next section) is 
quite different. In this respect OGC web feature service9 (WFS) is much more flexible since 
it deals with exchange of individual geographic features from which a model-map can be 
constructed. 
 
It should be stressed that the protocol and the functionality of the system are tightly 
coupled. The protocol transfers data in some internal format, where part of the data is used 
to control what operation should be performed. For example if a response message of the 
well known hyper-text transfer protocol (HTTP) contains response code “404”, this tells to 
a web browser that requested page cannot be found. HTTP can also transfer the own data 
that has been requested. Such data are typically in some exchange format, e.g., well known 
hyper-text mark-up language (HTML). 
 
However, the design of a protocol for global model-map systems that would maximize 
interoperability remains a problem. The efforts of standard committees are focused on 
specifications of data associated with an exchange formats. This definitely supports 
interoperability, but this approach works only under the presumption that the global model-
mapping systems are fully and only compliant with a selected standard, e.g., CityGML10 or 
SEDRIS11. This presumption is difficult to fulfil because these standards are extensive and 
their adoption is a complex process. Also the state of interoperability achieved by this 
approach is very fragile because any alternative solution or custom extension may easily 
ruin the status. Additionally the standards itself are changing. 
 
Regarding the set-up of the system components on the network, client-server architecture 
may be applied. The client-server model is based on the distinction of the client from the 
server. Each instance of the client software can send query messages to a server. For 
example a web browser acts as a client when visualizing a map stored on a web server. 
However an alternative peer-to-peer architecture may be considered for global model-
mapping systems. An important goal in establishing a peer-to-peer network is that all 
clients provide resources, including bandwidth, storage space, and computing power. Thus, 
as system components arrive and demand on the system increases, the total capacity of the 
system also increases. This is not true of a client-server architecture with a fixed set of 
servers, in which adding more clients could mean slower data transfer for all users. The 
distributed nature of peer-to-peer networks also increases robustness in case of failures by 
replicating data over multiple peers. Finally by enabling peers to find the data without 
relying on a centralized index server there is no single point of failure in the system. 
 
4.1  Interoperability in GRIFINOR 
GRIFINOR deals with interoperability on the level of programming language instead of 
strict specification of data representation. It has been decided to keep the GRIFINOR 
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independent of any particular standard specification of geographic features and leave the 
possibility to add suitable data representations separately for each application. Therefore 
the implementation of GRIFINOR ensures scalability in data representation while keeping 
the interoperability of the system intact. 
 
Since the system is coded in Java, which is an object oriented technology, both the 
communication protocol and the data representation of features are defined in terms of 
objects. The important part of the protocol is implemented in the class 
grifinor.godb.GRIFINMessage. Instances of this class represent query messages 
that are sent between system components over network. 
 
The data representation of any feature that can be viewed in GRIFINOR must extend the 
class grifinor.datarep.GO. GO is a Java abstract class and ensures the scalability for 
custom definitions of geographic features. It allows de-facto arbitrary definitions of 
features, their meaning, the relationships between them and their functionality. With this in 
mind, GRIFINOR must be regarded as a platform that supports the definitions of custom 
data representations and application specific functionalities. 

 

Fig. 4. Schema of GRIFINOR’s network architecture. 

The interoperability within GRIFINOR platform is provided by implementing a custom 
class loader. This means that even if a system component receives an unknown object 
defined by a custom application it will be able to obtain the executable definition of the 
class from the provider and modify itself at runtime. This ensures that both data and 
processing methods can be exchanged in GRIFINOR. More about this is described in 
(Kjems and Kolar 2006). 
 
Currently GRIFINOR works in a client-server manner. Nevertheless the design is such that 
both client and server components are tightly coupled. This means that a GRIFINOR 



instance can behave as both client and server, which allows to build a peer-to-peer network. 
However, a specification of such network is currently missing. 

5  Navigation mode in 3D 
The nature of the scene consisting of three-dimensional graphics is very different from that 
made of a two-dimensional digital image. The usual display devices attached to computers 
have two dimensional screens, which perfectly suits to visualization of the images. There is 
a good chance that navigation is unnecessary in order to view and to explore an image, 
especially on high resolution displays. In contrast, a three-dimensional scene without 
navigation possibilities immediately loses its potential to explore the scene and can easily 
become useless. Also the navigation options are richer when dealing with the three-
dimensional scene compare to panning and zooming with two-dimensional images. 
 
A navigation mode that allows users to move through and interact with the model map is 
identified as the last fundamental aspect in this article. Any system aiming to support 
geographical exploration of a model-map must deal with a method that allows users to 
change the view-point in the scene. Very little has been found in literature about this 
subject. 
  
5.1  Geo-embedded Navigation 
GRIFINOR provides a relatively easy and intuitive solution to explore a global model-map. 
It has been found that exploring is more natural when the “up” vector of the viewer is 
aligned with the gravitational up vector at the current position. This means that the roll 
rotation (see Figure 5.a) is eliminated and users do not need to control it. The navigation 
remains intuitive when navigating through interiors of buildings, around urban areas as well 
as at global scale around the planet. Orientation is performed in the local coordinate system 
as depicted in Figure 5.a. The up direction vector is determined using the current position in 
the geocentric coordinates, and movement is relative to the immediate perspective of the 
viewer controlled by user. Moving along a global model-map with a pitch angle of zero 
should keep the user at the same altitude and after passing through the entire orbit around 
the planet bring the user back to the original position. Due to the imposition of geographical 
orientation rules, we have chosen to name this family of navigation modes geo-embedded 
navigation (Ilsoe and Kolar 2005).  
 
The algorithm of the geo-embedded navigation is performed between rendering frames. 
The first step takes into account the changes to orientation, which users control by using the 
mouse device. Based on the new orientation angles an orientation transform matrix is 
constructed. This matrix is used in order to transform the requested movement, which is 
also controlled by mouse, into geocentric coordinates. In the geocentric coordinates a new 
position candidate is found and the error in vertical position is removed, as depicted in 
Figure 5.b. Then a new orientation at the new position is computed. Finally the new 
orientation and position is set for the next frame, which is rendered on the screen. The 
detailed explanation of the algorithm along with a pseudocode is presented in (Ilsoe and 
Kolar 2005) and has been fully implemented in the GRIFINOR system. 



Fig. 5. Basic spatial concepts of geo-embedded navigation. 

A relation to another cornerstone of GRIFINOR is important. The DSO global indexing 
method introduced above is at its eleventh’s level of subdivision congruent with the local 
coordinate system used by geo-embedded navigation (see Figure 5.a). This is due to the 
technological limitation of the accelerated graphical hardware available today. This limit 
sets 32-bit float numbers being used internally by the hardware. As a consequence the 
model-map that should be rendered on the screen must use the same representation of num-
bers. However a model-map of entire planet does not fit in a single coordinate system using 
32-bit float numbers with a sufficient accuracy. 

6  Conclusions and directions for future research 
This article addresses four aspects inherent to systems dealing with global model-mapping. 
These aspects aim to point out problems which are new or which should be reconsidered 
compared to the solutions used in traditional GIS. It is proposed that since there are no 
technological restrictions to representing features in three dimensions, geocentric 
coordinates should be used as a principal coordinate system, thus avoiding dealing with 
cartographic projection on the level of system development. It has been shown that 
elementary concepts of geographic databases, which are inseparable components of GIS, 
namely the indexing mechanisms, need to be reconsidered. This is a direct consequence of 
the first aspect regarding selection of coordinate system. In the text it is also argued that the 
ability to work over a network is a vital requirement for any information system, which 
influences many essential decisions about the technology. Therefore it should be addressed 
in the design of global model-mapping systems from the start. Finally this article stresses 
the very different nature of three-dimensional scene, which is a new aspect compared to 
traditional GIS. It is argued that the mode of navigation in a three-dimensional scene is 
essential for systems providing a global model-map. 
 
Solutions to the different cornerstones of the emerging global geographic technology were 
demonstrated through implementations in the GRIFINOR platform. These solutions are 
used as an example. They illustrate how the main aspects addressed in this article relate to a 
single coherent technology that is able to provide a global model-map to users or other 
applications. The introduced indexing mechanisms do not enforce the use of any kind of 
projection. GRIFINOR is therefore one of the very first systems (if not the first at all) 
having such a property.  However, this causes problems when dealing with image data, 
which by definition are meant for visualization on flat displays. As a consequence aerial, 

x

localFwd

localUp

localRight

pos yaw

pitch
roll

z

y move

pos

error

pos1

 



satellite images or topographic maps can be treated as appearance attributes to the terrain 
geometry, the same way as a façade texture is an attribute to the geometry of a building. 
Dealing with terrain textures in a rigorous way remains a subject for future work. 
 
The proposed solution to interoperability allows freedom to implement different schemas of 
data representations, with or without topology, together with an analytical functionality. 
Although this is conceptually an elegant, object-oriented solution to interoperability it has a 
drawback. GRIFINOR is a platform based on Java technology, therefore interoperable 
applications and implementations of various data representations must be made in Java as 
well. Several subjects for future research are related to the ability to provide a model-map 
as a network service. GRIFINOR will namely have to deal with multiple hosts and dynamic 
searches for the data resources available on the network. 
 
Finally, the implementation of GRIFINOR platform presented in this article is provided to 
the community in form of open source code. Anybody who is interested can study the 
topics addressed here and experiment with other possibly better solutions or extend it for 
custom applications of global model-map. 
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