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A national address database (NAD) proves beneficial to a country in more than one way. However, the realization of NAD has been slow in South Africa, as in the rest of the world, mostly due to the fact that address data is distributed at numerous different local authorities. The traditional approach to NAD is the collation of address data from various local authorities into a single centralized national database. Grid computing enables the establishment of virtual organizations in a loosely coupled heterogeneous environment. These virtual organizations can now collaborate in problem-solving and resource sharing. As such, grid computing holds the promise of fast-tracking the establishment of a NAD in South Africa by bypassing a centralized database. This paper gives an overview of the NAD status quo in South Africa, and then investigates alternatives to a centralized database by describing the features and services of a grid-based NAD.
Categories and Subject Descriptors: D.4.7 [Operating Systems]: Organization and Design – Distributed Systems; H2.4 [Database Management]: Systems – Distributed databases; H2.8 [Database Management]: Database Applications – Spatial databases and GIS; K4.3 [Computers and Society]: Organizational Impacts - Computer-supported collaborative work; K6.4 [Management of Computing and Information Systems]: System Management - Centralization/decentralization;
General Terms: Design, Performance, Reliability, Security
Additional Key Words and Phrases: grid computing, distributed computing, national address databases, spatial data infrastructure, GIS, spatial data, land administration
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1. INTRODUCTION

A hundred years ago addresses were used mostly for postal delivery and land administration: national postal unions used addresses for letter and parcel delivery and addresses were used in the deeds registry to correctly and unambiguously record property ownership. The advent of computers and more specifically GIS, has opened up a whole new range of possibilities for the use of addresses, such as routing and vehicle navigation, spatial demographic analysis and geo-marketing, service placement and delivery, electronic address verification, and so on. These uses are enabled by technologies such as geocoding and spatial analysis, to name just a few. None of these is possible without address databases.
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 these collated databases accessible and usable to as wide an audience as possible [Jacoby et. al. 2002]. National spatial data infrastructures emerged in the early 1980s in countries like the USA and Australia. These first generation SDIs mostly followed a product-based approach. The next generation SDIs are moving towards a more process-based approach focussing on the creation of a suitable infrastructure to facilitate the management of information assess ,instead of the linkage to existing and future databases. The introduction of web services are an indicator of second generation SDIs and they prove that the use of data and the needs of the users are now the driving forces behind SDIs [Crompvoets et. al. 2004]. 
A national address database (NAD) falls into the realm of a country’s spatial data infrastructure. Datasets that are managed and produced by national organizations have quite successfully emerged from national SDI initiatives, while datasets that are produced by numerous local authorities have been slow to emerge. Wherever governments have indeed been successful in establishing such national datasets, there has been a mammoth effort in coordinating and collating the datasets from various local authorities. For example, in Australia the Geocoded National Address File (G-NAF®) is updated in an incremental format quarterly. A semi-automated process massages 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 [PSMA 2006]. It is the purpose of this paper to look at alternatives to such centralised databases, using grid computing.
Grid computing originated as a distributed infrastructure for advanced science and engineering applications executing on high-performance hardware [Foster et.al. 2001]. The initial focus was on aspects of high performance computing, but now computing in the context of virtual organizations is very much part of grid computing, providing flexible, secure, coordinated resource sharing among collections of individuals, institutions and resources [Foster 2002]. Grid computing is applied in environments where the distributed systems are loosely coupled and as such distinguishes itself from tightly coupled systems. The loosely coupled systems each run in their own operating system environment, with their own database or GIS software, and communication between them is not necessarily guaranteed to be 100% up-time.

Using grid computing in the context of local authorities holds the promise of fast-tracking the establishment of a national address database. As a comparative example, consider the advent of cell phone technology in Africa, where two factors have resulted in a low penetration and acceptance rate of traditional copper wire and fibre optic telecommunication. First, there is the huge infrastructure investment that is a prerequisite, and secondly the uninhabitable terrain where the infrastructure has to be built. Additionally, in order to get access to the telecommunication network, a physical connection has to be established (e.g. the cable into the house). The infrastructure footprint for cell phone technology is considerably smaller, and does not require the establishment of a physical connection (i.e. no additional costs incurred) in order to “participate” in the cell phone network. Consequently, the use of cell phones has permeated into Africa, including its rural areas, at an astonishing pace [Brown et.al. 2003]. 
Similarly, instead of venturing into the mammoth effort of establishing a single central address database, grid computing at various local authorities can be applied in order to establish a virtual national address database. Thus bypassing the effort of collating a centralized database. The systems at the various local authorities are heterogeneous in terms of operating system, database and GIS software and thus require a loosely coupled solution. There is an additional advantage to having the data closer to the service providers, since anomalies in the data can be fixed at the service provider and do not have to follow a manual and offline review process as described earlier in the case of the G-NAF. Furthermore, grid computing follows a service-oriented architecture approach, thus ensuring that the effort resembles a second generation SDI.
In this paper we focus on a system that employs grid computing for the establishment of a national address database, and call it “NAD on the Grid”. We first give an overview of the NAD status quo in South Africa, and then describe the features and services that a “NAD on the Grid” should have.

2. NAD in SOuth Africa – STATUS quo
2.1 Address Data

In this paper we define an address as a code or description for the fixed location of a home, building or other entity, and in our definition an address always includes a geographic coordinate, and excludes any information about the person or business residing at the address.  The map in Figure 1 shows a typical address in South Africa.
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Figure. 1. The highlighted property is at the address of “166 Marais Street”.

2.2 Address Data Sources in South Africa
There are various sources of address data in South Africa, and some of these are described below. The list is not completely comprehensive, but it illustrates that while there is not a single NAD in the country, there are a number of producers of NAD that can contribute to a NAD on the Grid. If these data sources are combined on the NAD on the Grid, a more comprehensive NAD can be established. Furthermore, the data producers comprise various physical organizations, each with its own infrastructure, and as such a loosely coupled solution such as grid computing is ideal. The grid can tie the individual organizations into a single virtual organization on the grid. 
Municipalities – Town Planning. Town planning departments at local authorities are producers of address data for their jurisdictional areas. This address data is available in various media, ranging from paper maps, CAD drawings, to GIS databases. Paper maps and CAD drawings require conversion into GIS data before they can be integrated into NAD on the Grid. The GIS data is in a format that can be published on the NAD on the Grid, and thus address data from municipalities is ideal for contributing to the NAD on the Grid.

Municipalities – Valuation Rolls. Property valuation rolls at municipalities are usually part of the financial systems and as such seldom include spatial data. However, they do sometimes include both an address and a property description for each property, and by linking the property description to spatial cadastre a spatial address can be obtained. The problem with these valuation rolls is that they are not always comprehensive (there is not an address for every property in the valuation roll), they include the postal address which is not necessarily at the location of the land parcel, and the addresses are captured in free format thus extensive address cleaning is required . Valuation rolls require some data cleaning and massaging before they can be published to a NAD on the Grid.
Town Planners. Town planners act as consultants to municipalities and developers when new land is appropriated for development. If the municipality has a well-functioning GIS department this data is integrated into the municipal GIS database, otherwise it remains with the town planners. As such, town planners are a potential alternative source for data contributions to a NAD on the Grid when that data is not available at the municipality.
Independent Electoral Commission (IEC). The IEC have established a national address database which is used only for national and municipal elections. By restricting the use of this NAD to the IEC, the privacy of voters is protected, and voter intimidation avoided. As such the IEC NAD is not in the public domain, and cannot even contribute to a national address database that is used by government departments.
Private Initiatives (non-spatial data). The commercial benefit of address databases for direct marketing purposes has led to the establishment of various non-spatial customer address databases. These databases very often include a name or organization (as opposed to all the other address databases listed here), and are compiled by combining the customer databases from various organizations. These databases are not comprehensive since they include the postal addresses of particular customers only. Moreover, the address format is not standardized and spatial coordinates are not included. Thus privately owned customer address databases cannot contribute to the NAD on the Grid.
Private Initiatives (spatial data). Since there is no government initiated NAD in South Africa, private organizations have identified and leveraged the business benefit of providing NAD products and services. These organizations have sourced the address data for their NADs from the other sources listed in this section.  The pricately owned NADs are in GIS format and thus ideal contributors to a NAD on the Grid. However, some form of remuneration to the data providers has to be included into the NAD on the Grid.
South African Post Office (SAPO). SAPO is in the process of establishing a national address database as advertised on their website. SAPO defines an address as a description of a delivery point and do not include spatial coordinates for an address.

3. NAD On the GRID
As discussed in the Introduction, the purpose of this paper is to look at alternatives to a centralized NAD database approach. One such approach is to employ grid computing in order to create a virtual NAD on the Grid. The following section gives the purpose of a NAD on the Grid, and then describes the four main functional features of a NAD on the Grid, as well as the non-functional attributes of the NAD on the Grid. 
3.1 Purpose
The purpose of a NAD on the Grid is to establish a virtual national address database (NAD) that is accessible on a computational grid via the Internet. The NAD on the Grid operates in a distributed loosely coupled environment where the different computer systems that are linked are heterogeneous in terms of operating systems and database and GIS software. The NAD on the Grid should allow data producers to contribute data, and data consumers to download NAD and/or to access NAD services. The NAD on the Grid should resemble a second generation SDI initiative and thus follow a process-based approach with service-oriented architectures, in line with international developments.
3.2 NAD Publication to the Grid

The main aim of this feature is to provide the functionality that allows the various data providers to publish NAD to the Grid. 
Only trusted sources are allowed to publish NAD on the Grid. A trusted source can be a local authority (e.g. City of Tshwane), a national department (e.g. Dept of Home Affairs), or a private organization such as a spatial data provider or a town planner. There are rules and guidelines that determine whether an organization is allowed to act as a trusted source for the data. By including private organizations such as spatial data providers and town planners as trusted sources, the investment that has already been made in these datasets is not lost. Also, it adds momentum to the fast-tracking of the establishment of a national spatial address database as the spatial data providers already have compiled large volumes of spatial address data. Data from these trusted sources is assumed to be legal and accurate and the NAD on the Grid does not perform authentication or verification of the data. The NAD on the Grid does however require the data to be in a prescribed address format that includes metadata.
A trusted source publishes data to a node on the Grid. If the trusted source provides a high level tier node in the NAD on the Grid, the NAD is published on that node. Otherwise, the Grid provides storage space for the published NAD. The publisher does not know and does not have to know exactly where this is. Behind the scenes, invisible to the user, there is data replication in the Grid to ensure fast data access and constant availability of data.
Any data that is published to the NAD on the Grid includes metadata. Metadata is provided for a trusted source, as well as for each street address in the NAD on the Grid. Metatdata for the trusted source includes but is not limited to name and address of the data provider, . Metadata for street address records includes but is not limited to the projection information, source of the data, and the date when the street address was last updated. As a minimum requirement the 12 mandatory elements of the ISO 19115 standard on metadata [ISO 2003] are to be populated. Conforming to the ISO standard enables third parties to automatically create catalogues of the data available in the NAD on the Grid. Even though projection metadata is included, for speed and simplicity reasons it is recommended that initially all data is published in WGS84. Metadata includes copyright information and the authorized audience of the data. In this way, trusted sources can restrict their data to a list or group of Grid consumers. As an example, the Department of Home Affairs might decide that its NAD should only be accessible to government users. 
The Grid accommodates existing heterogeneous (distributed) computer systems, and therefore trusted sources can publish NAD in different database vendor formats. This feature is of utmost importance at local authorities where skills levels differ considerably. By allowing the different formats, each local authority can publish data according to their skills levels and the software that they use.
In a heterogeneous environment one has to work according to standards and protocols to enable communication. Since there is no national address standard in South Africa, the NAD on the Grid prescribes a standard address data format according in which trusted sources have to publish NAD data. This standard covers aspects such as the address type (street address, postal address, informal address, etc.), the fields that compose an address (street number, street name, suburb, etc.), and the positioning of the NAD point in relation to the formal or informal land parcel.

The above requirement is essentially one for an open source database, and can be compared to open source initiatives such as Linux and www.wikipedia.org where the individual contributions from various sources are coordinated to form a bigger whole. Similarly, the NAD on the Grid forms a bigger whole by combining the contributions from various data providers.

3.3 NAD Downloads to data consumers 
The main aim of this feature is to allow data consumers to download NAD from the Grid. NAD downloads are made available on a NAD on the Grid portal website, as well as through web feature services that can be invoked from within programs.

While some data consumers only use NAD services that process against the NAD on the Grid (as described in 3.4 and 3.5), others require the actual data on their local machines and/or servers. This section describes the latter case. As an example, consider a sales company downloading the NAD for City of Joburg so that the applicable sales region can be assigned to each street address from the company’s own dataset of sales region boundaries. Thus, the company is enhancing the NAD for its own purpose, and these enhancements are private information that should not be part of the NAD on the Grid. 
Another example is a company wanting to use the NAD as part of the map display on their Intranet system. There are a number of reasons why the data has to be downloaded and not directly accessed from the Grid. It could be that the Intranet is not connected to the Internet, and thus the data has to reside on an internal server. Alternatively, due to bandwidth restrictions it could be that the speed for accessing the NAD directly from the Grid is too slow. Or, the company might be using a GIS tool that displays data in a format not available on the Grid, and thus the downloaded copy of the NAD has to be converted off-line before it can be used in the company’s Intranet system.

When requesting NAD downloads, the Grid user must specify the following:

1. The area for which NAD should be downloaded.

2. The format in which the NAD should be downloaded (e.g. CSV, or DBF, or SHP etc.)

3. A username and password in order to authenticate him/herself.

There are various ways in which a data consumer specifies the area for which he/she wants to download NAD from the Grid. 
· A gazetteer allows a user to specify the name of a suburb, town, municipality or province. Since there are various datasets on the level of a town and a suburb in South Africa, as many as possible are made available to give the user a wide range of names to choose from. 

· The data consumer provides one or more polygon(s) (list of coordinates) that indicate the bounding area for the NAD to be downloaded.

· The data consumer selects a street name in a particular suburb. A radius is drawn around the street and all the NAD points falling within the radius are included in the downloaded NAD dataset.

Apart from authentication, the username and password is also used for accounting purposes. The Spatial Data Act recommends that government make spatial data available free of charge and thus government organizations are not remunerated for their data. However, if the NAD data originates from a trusted source that is a private company, they are compensated for their data. 
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Figure. 2. Downloads from the NAD on the Grid.

3.4 NAD Web Services for data consumers

The main aim of this feature is to provide NAD web services to data consumers in the form of web feature services. Web feature services are the Open Geospatial Consortium’s (OGC) standard for geospatial web services. Thus NAD web services are NAD-specific implementations of the OGC web feature services [Donaubauer 2005], and they allow data consumers or third parties to integrate NAD on the Grid into their applications.
The current trend in Grid services is to standardize on the Web Services Resource Framework (WSRF) [Baker et. Al. 2005]. As illustrated in Figure 3, the NAD services form an additional layer on top of the Open Grid Services Architecture (OGSA) Services. The NAD web Services allow third parties to build applications that use the NAD on the Grid. 
As an example, consider a land administration system. When the user is zoomed at a sufficient level of detail, the system invokes a NAD web service that pulls the street address at that location from the NAD on the Grid and adds it to the map display in the land administration system. Once again, due to these web services and the service-oriented architecture, the NAD on the Grid resembles a second generation spatial data infrastructure initiative.
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Figure. 3. The Open Grid Services Architecture (OGSA) – adapted from [Baker et. Al. 2005] 

3.5 Third Party NAD Services for data consumers
The aim of this feature is to allow third party organizations to provide services that use the NAD data on the grid in their service offering.

As an example, company A and company B both provide an address verification service. Each company designs and implements its own algorithm for address verification, yet both verify against the same master database – the NAD on the Grid. It is up to data consumers to decide which one of the two address verification services they want to use. Their choice might be based on either price or results of the address verification service.
These third party NAD services are provided as web feature services which the third party company publishes on the Web. The NAD on the Grid supplies a web feature service interface that is sufficient to enable third parties to implement their own algorithms for processing the NAD on the Grid. Note that access to the NAD on the Grid is always read-only.
Once again, accounting is an important part of these third party NAD services – compensation is due to both the data providers and the providers of NAD services, and the user requesting the service has to pay for it.
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Figure. 4.Third Party NAD Services on the Grid.

3.6 Bulk Processing
Grid computing provides access to processing power, and the NAD on the Grid allows a data consumer to put address data for processing on the grid. As an example, large businesses sometimes have to geocode anything between 100,000 and 11 million customer addresses. They publish the customer records to the grid, and specify which third party NAD Service is used to process the data in bulk.
3.7 Non-Functional Features
Speed and Response Times
In terms of speed and response times, the system features are comparable to accessing web services via the Internet and/or ftp access to data over the Internet. For example, on the same bandwidth, the NAD on the Grid for downloads is as fast or faster as an ftp download of the same data. On the other hand, the speed of a single NAD service request such as address verification is close to instantaneous. 
Data Quality and Accuracy
NAD data is categorized according to the accuracy of physical street addresses from absolute correct, i.e. the NAD point is 100% accurate at the centre point of a specific property, and only estimated if its coordinate could only be placed somewhere inside a particular suburb. Trusted sources specify the accuracy categorization as part of the data that they publish. Trusted sources publish NAD coordinates with sub-meter accuracy to indicate the locations of exact addresses. 
Reliability and Availability
The reliability and availability of the NAD on the Grid varies based on the required use of it. NAD downloads is something that a data consumer does every now and again, thus 100% up-time is not essential. Address verification is a critical part of processes such as credit and home loan applications, and should therefore have a 100% up-time.

Capacity and Scalability
In terms of capacity, the NAD can accommodate in excess of 10 million street addresses in order to be sufficiently scalable for a NAD in South Africa. Currently, the NADs in South Africa contain between 3 and 4 million street addresses. However, there are an estimated 6.8million formal land parcels in the country and an estimated 7million formal properties in the country. Thus, the formal NAD for SA is expected to have around 7 million formal street addresses. Currently, it is not known how many rural and informal addresses there are in South Africa. It is expected that the NAD will grow considerably in the next few years as street addresses are assigned to properties in informal settlements and areas that previously did not have street addresses, e.g. rural villages and some townships.  
NAD on the Grid is a scalable configuration to which an unlimited number of nodes can be added. Also, the load (demand for services) on the NAD on the Grid scales upwards without degrading performance and reliability of the Grid.
Operating Environment

The NAD on the Grid is an open system, and therefore nodes on the Grid can run either Linux or Windows. It is expected that there will be a wide range in machine specs with the node machine specs varying from very slow to state-of-the-art fast. For this reason a tiered Grid configuration is used.
Maintainability & Support

The NAD on the Grid is an open system, and therefore we attempt to keep it simple so that:
· it is easy for government departments, private companies or individuals to join the NAD on the Grid.

· it is easy to download and use the NAD on the Grid. Users include the public, thus ease of use is of utmost importance.

Security

Access requirements: The NAD on the Grid includes an administration facility, where information about NAD on the Grid users can be added, deleted and modified. Access levels specify a geographic area in which the user has access, as well as the type of services he/she can request from the NAD on the Grid. Further, the trusted sources who publish NAD to the Grid specify to whom (which type of user) their NAD can be made available. 
Privacy requirements: Street address data does not include data about private individuals, and thus there are no special requirements to protect a private individual’s data.

Audit requirements: An audit trail will be kept of all transactions performed on the NAD on the Grid. Transactions include NAD publishing, NAD downloads, and NAD services.

4. CONCLUSION

The application of grid computing certainly holds some promise for national address databases and spatial data infrastructures. Our paper highlighted the NAD status quo in South Africa, and then described the features and services of a NAD on the Grid. While grid computing is rapidly expanding, it is still mostly being used by researchers and early adopters in industry. Still, use in commercial environments is increasing and will continue to do so over the next few years. And it is now the time to research and plan for all the issues that will become more prominent once grid computing is used by a wider audience.
As grid computing moves into the mainstream, at some stage, grid computing will also be rolled out in government departments and local authorities. By then, national address databases and other spatial datasets forming part of a spatial data infrastructure will start to reap the benefits of grid computing.
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