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Grid Computing for Spatial Address Databases
Serena Coetzee, Karen Bothma, and Judith Bishop, University of Pretoria
Abstract— Grid computing enables distributed computing at the enterprise level, thus accommodating the heterogeneous nature of such systems.  This paper considers how grid computing can be applied to create, manage and maintain spatial address databases.

Traditionally spatial address databases are maintained at the various local government authorities of a country. However, for spatial development planning and address verification a national spatial address database is required.

In this paper we illustrate that grid computing can provide the much needed framework for managing the coordination of and access to local spatial address databases.  Our approach is to adopt a service-oriented approach for the increasing number of vendor-supplied services (such as address verification).  We also propose a multi-tier architecture for the grouping of the nodes, which will facilitate the movement of nodes in a hierarchy, depending on the capabilities and responsibilities.

Index Terms—data grid, distributed computing, distributed databases, geographic information systems, grid computing, spatial data infrastructure 
I. INTRODUCTION
G
rid computing started as a distributed infrastructure for specific Grand Challenge applications executing on high-performance hardware.  Since those initial days, it has evolved into a seamless and dynamic virtual environment [3].  The initial focus was on aspects of high performance computing, but now computing in the context of virtual organizations, which provide flexible, secure, coordinated resource sharing among collections of individuals, institutions and resources is very much part of grid computing [9].  

Virtual organizations are described as a set of individuals and/or organizations defined by a common set of rules.  These rules apply to coordinated resources sharing and problem solving in a dynamic environment.  Foster lists a number of examples that each represents an approach to computing and problem solving based on collaboration in computation- and data-rich environments [9].  In this paper we consider the collaboration between various local governments towards the establishment of a national dataset as a virtual organization.
Traditional geographic information systems (GIS) provide capabilities of handling geo-referenced data, which includes data capture, data input, storage, retrieval, management, manipulation, analysis, and output [30].  The rapid development of information and communications technologies (ICT) at the end of the 20th century, together with the development of the Global Positioning System (GPS) revolutionized the collection, management, presentation and use of spatial information [28].  GIS has a legacy of closed and centralized architecture that cannot accommodate distributed dynamic and heterogeneous network environments.  
Spatial Data Infrastructure (SDI) refers to the technologies, standards, arrangements, and policies that are required to collate spatial data from various local databases, and to make this collated database accessible and usable to as wide an audience as possible [12].  The establishment of a National Spatial Data Infrastructure (NSDI) is becoming a priority in more and more countries [27].  One of the major challenges of building Spatial Data Infrastructures (SDIs) is linking distributed heterogeneous spatial information resources from different data providers in an application-oriented and user-oriented way [5].  The focus is now on the delivery of a virtual world which facilitates decision making at a community level within a national context [28].  In this paper we will illustrate that grid computing can deliver such a virtual world.
Grid computing has permeated the GIS application domain.  [6], [27] and [30] discuss grid computing as a means to provide access to distributed heterogeneous GIS data sources.  Furthermore, a service-oriented architecture is proposed as the most suitable architecture for distributed GIS applications in various research outputs, e.g. [30], [27] and [6].  So-called service-oriented architectures define standard interfaces and protocols that allow developers to encapsulate information tools as services that clients can access without knowledge of, or control over, their internal workings.  Thus, tools formerly accessible only to the specialist can be made available to all [7].  In the GIS world, the Open Geospatial Consortium (OGC) is developing specifications for standardizing the interfaces of spatial web services, the so-called OGC Web Services [5].  

In this paper we first identify what a spatial address database is, by giving a definition of addresses and more specifically, spatial addresses.  A number of uses for spatial address databases are listed in order to illustrate the need for national and/or international spatial address databases.  We show that some of the challenges encountered when creating a national spatial data infrastructure are similar to the challenges of creating a national spatial address database.  The challenges of creating and maintaining a national spatial address database as well as the challenge of custodianship are discussed.  We show how grid computing can be the solution to these challenges and finally discuss our approach to vendor-supplied services such as address verification using grid computing. 
Our objectives are to 1) clarify what we mean by spatial address databases and spatial data infrastructure; 2) describe the most prominent challenges regarding the traditional way of managing spatial address databases; 3) illustrate how grid computing can provide the much needed framework for the management and coordination of and access to local spatial address databases; and 4) describe our approach for vendor-supplied services such as address verification. 

II. Spatial Address Databases
According to CEN Standard EN14142-1 a postal address is defined as a set of information which, for a postal item, allows the unambiguous determination of an actual or potential delivery point [4].  In this paper we define an address as a code or description for the fixed location of a home, building or other entity.  Thus, our definition is wider, including locations that are not necessarily postal delivery points: addresses for locations where people work and live, as well as addresses for other places such as parks, schools, and graveyards.  

Table 1 lists sample addresses from a number of countries.  The common elements in the addresses are a building, street name, and/or street number; a town, city and/or suburb name; a postal code; and a country name.  For purposes of our discussion we exclude personal or business information from the address.
	Germany
	Spain

	Waldparkstrasse 67c

DE-22605 Hamburg

GERMANY


	Calle Agazado, 23

Molino de la Hoz

Las Rosas

ES-28230 MADRID

SPAIN



	Japan
	Turkey

	14F Sphere Tower Tennoze 

2-2-8 Higashishinagawa 

Shinagawaku 

Tokyo 140 0002 

Japan


	27 Gül Sokak

61250 Yomra

Trabzon

Turkey



	New Zealand
	United Kingdom

	6 Upland Road

Kelburn

Wellington 6005

New Zealand


	Russell House

4395 Station Road

Porchester

FAREHAM

PO16 8BQ




Table 1. Sample Addresses

A spatial address is any address that includes a geographic coordinate and can thus be displayed on a map.  

The map in Figure 1 shows some spatial addresses in the suburb Newlands in Pretoria, South Africa.  The property, on which “101 Koljander Avenue” is located, is highlighted in a darker shade.

Note that there is not necessarily a one-to-one relationship between a property boundary and a spatial address, as a number of flats/apartments in a high rise building, each with its own address, can be situated within the bounds of a single property boundary.  Similarly, in countries where individual property boundaries are not surveyed – such as tribal areas in some African countries – a spatial address constitutes a location within a larger tribal area.
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Figure 1. Spatial Addresses

Spatial address databases are used for various purposes in both government and the commercial sector:

Social Services Delivery.  A spatial address database does not include any demographic information, but it does give a clear indication of density of human activity.  These densities can assist national departments to prioritize the planning and roll-out of social services such as health clinics, schools and social service payout points in a country.  

Municipal Services Delivery.  The supply of services such as water and electricity uses spatial address databases during planning, roll-out, maintenance, and fee collection.  Spatial address databases are used to plan where to deliver the services, to coordinate roll-out and maintenance of the service networks, and also to collect dues once the services are in place.  These services are either delivered by local government or by utility companies [29].

Goods Delivery.  Courier, freight and logistics companies use spatial addresses to deliver goods to the requested delivery addresses.  Spatial addresses can be used at various stages of the delivery service, starting with address verification when the order is placed, routing when the delivery schedule is worked out, and ending with the driver using a map to deliver the goods at the requested address. 

Credit Application.  Typically, when one applies for a home loan or any other form of credit, one has to supply a residential address.  Spatial address databases can be used to verify and authenticate that the applicant’s address is valid.

Census.  For the planning and execution of a Census, spatial address databases are used for the delimitation of enumeration areas, the planning and execution of surveys, and for the display of Census results [14].  
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Figure 2. 2001 Census results showing population density in South Africa
Elections.  Similar to the Census example above, electoral organizations use spatial address databases for the delimitation of voting districts and the identification of voting stations in a country.

Land Administration.  Land administration includes cadastral surveys to identify and subdivide land, land registry systems to support simple land trading, and land information systems to facilitate access to relevant land information, such as land value, land ownership, etc.[28]. Although the actual address numbering system differs from country to country, addresses for land identification are usually closely linked to any land administration systems. 

Emergency Services.  Whenever an emergency occurs, a spatial address database can be used to locate the emergency, and to route the relief team to the site [29].

The above examples illustrate the need for regional or national spatial address databases.  However, there is also a need for global spatial address databases: consider a company like amazon.com that takes daily orders from almost any country in the world.  Ideally, every address should be verified against an international spatial address database before the order is accepted.

III. Spatial Data Infrastructure
Spatial Data Infrastructure (SDI) refers to the technologies, standards, arrangements, and policies that are required to collate spatial data from various local databases, and to make this collated database accessible and usable to as wide an audience as possible [12].  SDI provides the basis for spatial data usage, discovery, and analysis.  SDI can apply to an organization, a region, a country, or an international region. 

In the government context, SDIs are established at any level of government: on the smallest level for a city or local government, on an intermediate level for a province or state, on national government level, and indeed on global level where the Global SDI (GSDI) refers to a cross border SDI.  Among others, an SDI typically includes base datasets for cadastre (land parcels), street addresses, topography, hydrology, road networks, and administrative boundaries. 
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Figure 3. Global Spatial Data Infrastructure

Each country or state has the responsibility to manage and administer land from an economic, social and environmental perspective [28].  In many countries this responsibility is carried out by, among others, the various local governments who act as

•
service providers for waste removal, sewerage, electricity, and water; 

•
infrastructure providers for the road network; 

•
land administrators for land use (zoning), land development, and land or property taxes [28].  

Because of these responsibilities, local governments often become the custodians for street address and other land related data.  

The challenge that faces many countries is the establishment of national datasets from these numerous local datasets.  There is often little or no cooperation between local government and national departments.  Examples are described in [12] and [15] for Australia, in [16] for the UK, in [26] for Egypt, and in [13] for Indonesia.
When it comes to coordinating access to local datasets within an SDI, the most prominent issues that arise are “How does one efficiently create and maintain a national dataset from the various local datasets that are continuously updated?” and “Who is the custodian of the national dataset when the data is actually maintained as a number of local datasets?”.  These two issues are discussed in the following two sections.
IV. The Technicalities of creating and maintaining a National Spatial Address Database
To simplify our further discussion, we use the term National Spatial Address Database (NSAD), but it could well be a regional database collated from various local databases, or even an international database comprising the spatial addresses of more than one country.  

From a technical point of view, the first step in creating a NSAD is to merge the spatial address databases from the various sources into a single database.  Some data massaging is required to standardize the various data sources into a common format of projection, structure and data representation.  We are assuming that all local databases are available electronically.  

The number of local governments in a country varies considerably: 262 in a country like South Africa, 750 in Australia [12] and in excess of 14,000 in Germany [23].  Thus, while the technical effort might be relatively small, the coordination effort in creating a NSAD is huge.  Still, the creation of a NSAD is a small task compared to the technical and coordination effort required to keep the NSAD up to date.
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Figure 4. Illiondale Street Addresses as part of Ekurhuleni
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Figure 5. Illiondale Street Addresses as part of Johannesburg

Updates and maintenance to the NSAD include the following activities:

•
add the street addresses of newly developed suburbs;

•
update or change a street name;

•
add street addresses where land subdivision has taken place;

•
remove street addresses where land consolidation has taken place;

•
adjust the boundary of a suburb and thereby affecting all enclosed street addresses; if this boundary constitutes a local government boundary, additional coordination is required.

Figure 4 and 5 illustrate a change in a local government boundary.  In Figure 4 the street addresses of the Illiondale suburb are part of the Ekurhuleni municipality, while in Figure 5 they are part of the Johannesburg municipality.  Fortunately these changes should not happen too often, however, they do happen and a NSAD should cater for such as case.  Depending on where the NSAD updates are done (centrally, locally or distributed), as described in the section below, changing the local government boundary as illustrated in Figure 4 and 5 has some implications on how the updates to the NSAD are coordinated – whether virtual in the distributed case, or in a central database in the other two cases.

Some of the NSAD maintenance activities involve manipulating and evaluating individual addresses, and as such are much more expensive (in terms of time and money) than merging databases in bulk. Two aspects of NSAD updates are considered below: 1) Where are the NSAD updates done (central vs local vs distributed)?  2) How is access to the NSAD provided?  
There are various ways in which updates to the NSAD can be coordinated: 

Central National Database.  NSAD updates are done directly on a central national database.  This approach brings with it all the problems associated with central databases and central coordination, which a distributed computing approach attempts to solve.
 
Local Database – Periodic updates to the central database.  NSAD updates are done in the local database, which is periodically replaced in the central national database.   With this approach updates to local databases can be done off-line.  However, as above, the problems associated with central databases and central coordination, remain.  Furthermore, the integrity of individual updates can only be checked against the local database, and not against the national database.  Thus, in the case where a local government boundary moves, integrity checks and the resolution of integrity failure have to be done during the periodic updates.  This delaying of integrity checks can lead to inconsistent databases that are difficult to replace in the national database during periodic updates. Currently, the Australian Geocoded National Address File (G-NAF®) is updated in an incremental format quarterly – usually in February, May, August and November.  PSMA follow a semi-automated process of massaging contributor address data into a standardized format that is acceptable for merging into the G-NAF.  Any address data that cannot automatically be converted into the standard address format, is subjected to a manual review process [19]. 
Distributed Database.  NSAD updates are done in the local database, which is part of the virtual (distributed) national database.  With this approach, all integrity checks on NSAD updates are done whenever the updates are committed to the database.  Thus, the virtual national database is always in a consistent state, and updates are reflected in the national database immediately.  There is no time delay as with the periodic updates above.  This is the approach we are proposing, and is described in section VI.
Another aspect of a NSAD is how to make the national dataset available to users.  For example, in Australia access to the G-NAF is available through PSMA Australia’s Value Added Resellers, who create products using the address data. The data is distributed in a format known as a MapInfo file (GIS) in a single GIS data file [20].  We propose that the data is not only made available in an off-line national dataset, but that vendors supply online services that query the national dataset in real-time.  Our proposed approach is described in section VII.
V. Custodianship
In the previous section we illustrated that very often local government is the custodian of land related spatial data [28], including spatial street address databases.  Indeed, local government is very often the most suitable custodian of land related data.  However, the various uses of spatial address databases listed section II clearly indicate that there is a need for spatial address databases on a national and international level, such as for address verification, planning, routing and geocoding.  Thus, it has to be decided who or rather which organization is the custodian of a NSAD.

NSAD updates – in the local database or in the merged database – touch on custodianship: if NSAD updates are carried out in the local database, the local authority has to be the custodian.  However, if updates are carried out in a single national database, either there has to be a national authority who is the custodian, or local authorities’ access to the national database has to be restricted to their area of jurisdiction.

To illustrate the issue of custodianship, some models that were explored around 1999 in Australia and New Zealand for the planning of the Geocoded National Address File (G-NAF) [11] are described below:

1. Local Government Authority. Street addresses are allocated by the applicable local authority.  The drawback of this model is the huge coordination effort between the approximately 800 local government authorities when compiling a national database.

2. Jurisdictional. The Jurisdictional Agency collates data from the local authorities in its jurisdiction.  This is still not a national dataset, and there could be subtle differences between various jurisdictional datasets.

3. National Custodian.  A single government agency holds a complete national address file which is collated from jurisdictional agencies and local government authorities in turn.  With this approach care should be taken to ensure that the national custodian does not infringe any rules of monopoly.

4. Third Party National Custodian.  Same model as above except that the third party is not necessarily a government agency.  This option negates the premise of Government having a monopoly over information but introduces concerns such as national security, freedom of information, and privacy issues.

5. Collegiate.  This model involves a group of separate agencies operating in concert to achieve the shared objective of a national dataset.  In the Collegiate model there is collective decision-making.

In Australia PSMA is the custodian of the Geocoded National Address File (G-NAF).  However, they are not the source of the data, they act as a clearinghouse by merging data from as many as 15 government agencies and organizations into the G-NAF [20].  
In the UK the National Land and Property Gazetteer which is maintained by the Improvement and Development Agency (IDeA).  The source for the NLPG is the Land and Property Gazetteer (LPG) of the various local authorities, which are combined into a national dataset by [16].  The ownership of the NLPG was proposed to be transferred from IDeA to the Ordnance Survey; however, the custodianship is currently in deadlock.  In a press release by the Office of the Deputy Prime Minister dated 19 December 2005, it was announced that its attempt to facilitate agreement on a National Spatial Address Infrastructure (NSAI) was unsuccessful as a result of inability to achieve the necessary cooperation between Ordnance Survey and Local Government [19].  
VI. Grid computing for spatial address databases
As we have seen above, the issue of custodianship together with the technicalities of creating and maintaining a NSAD present us with some interesting technical challenges.  Based on Ian Foster’s three point checklist for the Grid [8], we have identified the following reasons why Grid Computing is suitable for National Spatial Address Databases:

1) Creating a single central master database implies that there is a single central custodian of a NSAD.  However, the reality is that local authorities are often the most suitable custodian for spatial address databases due to their service, infrastructure and land administration responsibilities.  Thus, there is an inherent distributed nature to the source for a NSAD, and there is no centralized coordinated control.  

2)
 Each local authority maintains and publishes spatial address data in their own preferred structure and format ranging from (simple) proprietary GIS data files to (sophisticated) Oracle spatial databases.  Address standards are in place in some countries, and the Open Geospatial Consortium (OGC) has standardized many aspects of geospatial information.  The heterogeneous formats of spatial address databases call for standard, open, general-purpose protocols and interfaces, such as those developed by the OGC.
3)
 There are numerous uses for National Spatial Address Databases as illustrated in the first section.  Thus, there is a demand for non-trivial delivery of services such as address verification, routing, street addresses on a map, and other address-related services.
Grid computing started as a distributed infrastructure for specific Grand Challenge applications executing on high-performance hardware, but has evolved into a seamless and dynamic virtual environment [3].  The initial focus was on aspects of high performance computing, but now computing in the context of virtual organizations, which provide flexible, secure, coordinated resource sharing among collections of individuals, institutions and resources is part of grid computing [9].  It is in this latter genre of virtual organizations that we envisage a NSAD.

The custodianship question will remain a political one, as is illustrated in the UK example [19].  However, some of the barriers to cooperation can be removed by means of grid computing.  With grid computing, local authorities should able to “connect” to the Grid from wherever they are.  Once a local authority has connected to the Grid, its data is published to the Grid, and “automatically” becomes part of the NSAD.  The Grid thus takes over the coordination activities for establishing the NSAD, thereby reducing the huge coordination effort. 

VII. Our approach
Although not a comprehensive discussion on all the design issues for implementing grid computing for a NSAD, the following two sections describe our approach of a service-orientated grid based on a multi-tier grid architecture in which individual vendors can supply address-related services.
A. Service-Orientation

Service-oriented architectures (SOA) define standard interfaces and protocols that allow developers to encapsulate information tools as services that clients can access without knowledge of, or control over, their internal workings [6].  SOAs comprise loosely coupled, highly interoperable application services.  Web services are frequently used in SOAs, but any other service-based technology can be applied.

As illustrated above, a NSAD requires the cooperation and collaboration of large numbers of local authorities.  IT infrastructure, including operating systems and database systems, varies at the different local authorities.  Thus, a loosely coupled and highly interoperable architecture, such as SOAs offer, is suitable in the NSAD scenario.

The Open Grid Services Architecture (OGSA) aims to define a common, standard, and open architecture for Grid-based applications, and since it is a service-oriented architecture it is suitable for a NSAD.
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Figure 6. Vendor-supplied services

Since the NSAD also entails sharing data in heterogeneous formats, we are investigating the use of OGSA Data Access and Integration (OGSA-DAI) for NSAD. OGSA-DAI is a service-based architecture for database access over the Grid.  It provides a standard, service-based interface that builds on the OGSA standard, to integrate database access with Grid applications [1].  Thus, one can think of OGSA-DAI as being the grid service-based equivalent of ODBC and JDBC.

Furthermore, the Open Geospatial Consortium (OGC) is developing specifications for standardizing the interfaces of spatial web services.  Web services implementing these specifications are referred to as OGC Web Services [5].  Our approach is to include these specifications if they are available and applicable.
Our approach to vendor-supplied services such as address verification and geocoding is illustrated in Figure 6.

B. Multi-Tier Based Architectures

The Multi-Tier Architecture. The multi-tier hierarchical architecture originated from the models researched by the MONARC (Models of Networked Analysis at Regional Centres for LHC Experiments) project [19] for the LHC (Large Hadron Collider) experiments at CERN. Data is propagated from the root tier (Tier 0), located at CERN, to lower tiers throughout the grid. Tier 1 nodes are regional centres that serve large geographical areas. Tier 2 serves smaller areas within the Tier 1 regional centre. Tier 3 is institutions or organizations, while personal computers are located at Tier 4. 

This architecture has many advantages, one of which is the ability to move large amounts of data across local networks, which is faster than bigger, more expansive networks.  This will greatly help us build a National Address Database (NAD) Grid within countries where network cost is high and bandwidth low.

Figure 7 shows how the Multi-Tier architecture was implemented in the LHC Computing Grid (LCG) testbed in 2004.
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Figure 7. LCG Testbed [17]
Data Files and Database Grids.  There is, however, a distinct difference between data grids where files are used to store data and database grids. Often, in file-based data grids, the source of the data is at the top node (Tier 0), and data is filtered down the hierarchy to lower nodes. With database grids, there are multiple data sources, which can be located at any level of the hierarchy. For this reason, the multi-tier architecture is not a good fit for database grids.
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Figure 8. Database Request and Access in a Multi-Tier Grid (left) and in a Multi-Grid (right)
Because of the way that data is arranged within the data grid – with data propagated down from the top – locating data on the grid is easy; the necessary data is always located on a higher tier. But for a database grid this is not possible, since the data is not propagated down the hierarchy. The required data can be at any tier node, lower or higher, in the grid hierarchy. This means, that with the multi-tier architecture, requesting data from the Grid can be a tedious task (Figure 8  on the left hand side), where a request query has to be sent to each node, until the data is located.

The Multi-Grid Architecture.  We propose a multi-grid architecture that will still benefit from the use of regional centres, and the network advantages associated with the multi-tier architecture. It will also be able to solve the problem of requesting data within the database grid. The multi-grid architecture is illustrated in Figure 9. 


[image: image9]
Figure 9. Multi-Grid Architecture for database grids
The multi-grid architecture eliminates Tier 0, since there is no need for it in a database grid. It groups tier nodes together in a grid, and nodes are not connected to a specific node at the upper level. In our example from Figure 8 (right hand side), Tier 3 nodes can communicate directly, without the need to first request data from a Tier 2 node. This effectively eliminates the need for a ‘go-between’ node for communication. Data can now be requested directly from a node on the grid, or be forwarded to a grid on the tier above. Figure 8 (right) shows how data is requested within the multi-grid architecture.

Another aspect of the multi-grid architecture is that it is not entirely a loose organisation of nodes, since certain assumptions are made about the performance and capability of the nodes at a specific tier. Nodes at a higher level tier are expected to be more reliable and have more capacity for storage and CPU time than a tier on a lower level. This will prevent the system from depending on lower tier nodes that are not reliable.

Adaptability of the Multi-Grid.

In the Multi-Grid Architecture, a node is not constrained to a specific tier. A node can move between tiers, depending on its responsibilities and capabilities. Certain constrains will be placed on different tiers, for example, a tier 1 node should be more reliable in terms of uptime, and should have more capacity (storage and CPU) than tier 2 and 3 nodes.

Whenever a node acquires more storage space, or better uptime, it can become a higher tier node for that region.

VIII. Conclusion

We advocate the use of grid computing for national spatial address databases.  We follow a service-oriented approach for vendor-supplied services based on a multi-tier grid architecture.  
Currently, grid computing is rapidly expanding, but not yet omnipresent.   As the Grid’s potential started to become reality over the past few years, industry has become increasingly involved.  Commercial participation has accelerated the development of hardened, industrial-strength software that supports Grid environments outside academic laboratories [3].  We expect that commercial grid environments will be implemented at more and more organizations over the next few years, eventually becoming mainstream and omnipresent; similar to the growth of the Internet and the World Wide Web over the past 10-15 years.  
As grid computing moves into the mainstream, at some stage, grid computing will be implemented at local governments.  By then, spatial address databases and other spatial datasets forming part of a spatial data infrastructure will be able to reap the benefits of grid computing.
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