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abbreviations

Table 39. List of abbreviations used in this dissertation

Spatial Information Council of Australia and New Zealand

Arc Internet Map Server, a web map server product by the ESRI company

Entry level GIS desktop software by the ESRI company
Biomedical information research network
eDiaMoND breast care centers

Computer aided design

European Committee for Standardization
Database management system

US Department of Energy

Extended Backus Naur Form

Emergency Response Center

Earth System Grid

Environmental Systems Research Institute
Federal geographic data committee
Geoscience network

Geographic information system
Geographic Information Science
Geography markup language

Geocoded national address file of Australia

Global positioning system

An extension of the standard file transfer protocol (FTP) for use

with grid
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GUI
HTTP
IEC
IEEE
IETF
INSPIRE
ISO
ISO/TC 211
ISP
ITU-T
JDBC
LIGO
LIDAR
MoU
NASA
NLPG
PSMA
RM-ODP
SABS
SAPO
SDI

SHP

OASIS
ODBC
OGC
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computing

Graphical user interface

Hypertext transfer protocol

International Electro-technical Commission

Institute of Electrical and Electronics Engineers

Internet Engineering Task Force

INfrastructure for SPatial InfoRmation in the European Community
International Organization for Standardization

ISO Technical Committee 211, Geographic information/Geomatics
Internet Service Provider

International Telecommunication Union’s Telecommunication Standardization
Java database connectivity

Laser Interferometer Gravitational Wave Observatory

Light Detection and Ranging

Memorandum of Understanding

National Aeronautics and Space Administration

National Land and Property Gazetteer

Public Sector Mapping Agencies

ISO Reference Model for Open Distributed Processing

South African Bureau of Standards

South Africa Post Office

Spatial data infrastructure

ESRI Shapefile, or simply a shapefile, a popular geospatial vector data format for

geographic information systems software
Organization for the Advancement of Structured Information Standards
Open database connectivity

Open Geospatial Consortium
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OGF

OGSA
OGSA-DAI
OGSA-DQP
OGSA-GDS
PKI

PoP

RAID
SAPO

SOA

SOAP

TCP/1P

THRIP
UDDI
UK
UML
UPU
USA
VO
W3C
WS
WCS
WES
WGS84
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Open Grid Forum

Open Grid Services Architecture

OGSA Data access and integration

OGSA-DALI distributed query processing

OGSA-DAI grid data services

Public key infrastructure

Point of presence

Redundant array of indexed drives, or Redundant array of independent disks
South African Post Office

Service-oriented architecture

A protocol for exchanging XML-based messages over computer networks which
once stood for simple object access protocol but this acronym was dropped with

Version 1.2 of the standard, as it was considered to be misleading

Transmission Control Protocol and Internet Protocol, the set of communications
protocols that implement the protocol stack on which the Internet and most

commercial networks run

Technology and human resources for industry project
Universal description discovery and integration
United Kingdom

Unified modeling language

Universal Postal Union

United States of America

Virtual organization

World Wide Web Consortium

Web services

Web Catalogue Service

Web Feature Service

World Geodetic System ellipsoid for 1984
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WSDL
WSRF
XML
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Web Map Service

Web Processing Service

Web services description language
Web services resource framework

Extensible Markup Language
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B.1 Data model: Address data

1SO19112::RS_Reference_System

+name : CharacterString
+domainOfValidity : EX_GeographicExtent

YA PRETORIA

1SO019112::S|_Gazetteer

+name : CharacterString
+scope : CharacterString

+erritoryOfUse : EX_GeographicExtent
+custodian : CI_ResponsibleParty
+coordinateSystem : SC_CRS

1SO19112::SI_SpatialRefrenceSystemUsingGeographicldentifiers ZT

+theme . CharacterString
+overallOwner : C|_ResponsibleParty

jk 1..* Y +addressDataset

+addressingSystem
AddressingSystem

AddressDataset

1 0.* | +addresses

Address

0..* Y +addressingSystem

1..* | +locationTypes

1SO19112::SI_LocationType
+name : CharacterString

1ISO19112::SI_LocationInstance

+geographicldentifier : CharacterString

+theme : CharacterString +alternativeGeographicldentifier : CharacterString
+identification : CharacterString +geographicExtent : EX_GeographicExtent
+definition : CharacterString 1 0.* [+temporalExtent : EX_TemporalExtent
+territoryOfUse : EX_GeographicExtent +administrator : CI_ResponsibleParty

+owner : Cl_ResponsibleParty +position : GM_Point

0.* +child

+child 0.*

+parent | 0.* / +parent | 0.*

Position must be recorded if the geographic identifier contains insufficient information to identify the location

Figure 54. Data model for address data in Compartimos (adapted from ISO 19112:2003)
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MD_Catalogue

+RegisterDataProvider()
+RegisterAddressingSystem()
+RegisterDataset(in dataprovider)
+RegisterServiceProvider()

+RegisterPoPProvider()

+DeregisterDataProvider(in id)

+DeregisterDataset(in id)
+DeregisterServiceProvider(in id)
+DeregisterService(in id)
+DeregisterPoPProvider(in id)
+ModifyDataProvider(in id)
+ModifyAddressingSystem(in id)
+ModifyDataset(in id)
+ModifyServiceProvider(in id)
+ModifyService(in id)
+ModifyPoPProvider(in id)

+RegisterService(in serviceprovider)

+DeregisterAddressingSystem(in id)

+GetDataProvider(in boundingbox : EX_GeographicExtent)
+GetDataProvider(in addressingSystem : MD_AddressingSystem)
+GetAddressingSystem(in domainOfValidity : EX_GeographicExtent) : MD_AddressingSystemCollection
+GetDataset(in boundingbox : EX_GeographicExtent)
+GetDataset(in addressingSystem : MD_AddressingSystem)
+GetPoPProvider(in capacity, in level)

MD_AddressingSystemCollection

+Add() : bool
+Clear()

+Count() : int

+Remove()

+Contains() : bool

+ltem() : MD_AddressingSystem

MD_AddressingSystem

-statusflag

-name : CharacterString
-domainOfValidity : EX_GeographicExtent
-theme : CharacterString

-overallOwner : CI_ResponsibleParty
-locationTypes : SI_LocationType

+StatusFlag()

+Name() : CharacterString
+DomainOfValidity() : EX_TemporalExtent
+Theme() : CharacterString
+OverallOwner() : CI_ResponsibleParty
+LocationTypes() : SI_LocationType

+addressingSystem

MD_Addi D rOQIider
+Add() : bool
+Clear()
+Contains() : bool
+Count() : int
+Item() : MD_AddressDataProvider
+Remove()
1
0.*

MD_AddressDataProvider

-details : Cl_ResponsibleParty
-statusflag

+Name() : CharacterString
+RoleCode() : Cl_RoleCode
+StatusFlag()

MD_AddressReferenceDataset

-name : CharacterString
-scope : CharacterString

1.

MD_DatasetPublication

-datalnterface

-AccessServiceDetails
-allowUploads
-statusflag

-allowReplication
-statusflag

-territoryOfUse : EX_GeographicExtent
-custodian : Cl_ResponsibleParty
-coordinateSystem : SC_CRS
-addressingSystem : CharacterString

+AllowUploads()
+StatusFlag()

1

MD_DataAccessService

-AccessServiceDetails
-allowUploads
-statusflag

+AllowUploads()
+StatusFlag()

+Name() : CharacterString

+Scope() : CharacterString
+TerritoryOfUse() : EX_GeographicExtent
+Custodian() : Cl_ResponsibleParty
+CoordinateSystem() : SC_CRS

+AddressingSystem() : MD_AddressingSystem

+AllowReplication()

+StatusFlag()

1

MD_AddressServiceProviderCollection

+Add() : bool

+Clear()

+Contains() : bool

+Count() : int

+ltem() : MD_AddressServiceProvider
+Remove()

1

0.*

MD_PoPProviderCollection

+Add() : bool

+Clear()

+Contains() : bool
+Count() : int

+ltem() : MD_PoPProvider
+Remove()

1
0.

MD_AddressServiceProvider

MD_PoPProvider

-details : CI_ResponsibleParty
-statusflag

+Name() : CharacterString
+RoleCode() : CI_RoleCode

+StatusFlag()

-details : CI_ResponsibleParty
-AccessDetails
-allowDatasetReplication
-capacity

-statusflag

1

0.*

MD_AddressService

+Name() : CharacterString
+RoleCode() : CI_RoleCode
+AllowDatasetReplication()
+Capacity()

+StatusFlag()

-name : CharacterString
-ServiceDetails
-statusflag

+Name() : CharacterString
+StatusFlag()

0.*

MD_Replica

-location
-source
-target
-contents
-lifetime
-statusflag

+StatusFlag()

Figure 55. Data model: Address data catalogue
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B.3 Sample data: Address data catalogue

! B Ink_AddressDataProvider_AddressDataset ... E]@
dslD

AfiGIS MAD
City of Tshwane street addresses]
AfGIS Paints of Interast

rpOrghlame role catStatus
AfriGIS resourceProvider Active
2 City of Tshwane Metropolitan Municipality | custodian Active
3 The Knowledge Factory resourceProvider Inactive
(AutoMumber)

Record: E J l—l‘ E][E] of 3
Figure 57. MD_AddressDataProvider

B MD_AddressDatasetPublication : Table |Z|@E|

dPublDl narne allowlploads status adall
i AfiGIS NAD Addresses for third party application developers O Inactive Intienda web service
2 AfriGIS MAD Far municipal uploads Active AffGIS web service
Ll
L)

3 AfriGIS Paoints of Interest Addresses for third party application developers Inactive Intiendo web service
{AutoMurmben)

Record: E 1 1 E][E of 3

Figure 58. MD_DatasetPublication

B MD_AddressingSystem : Table

RE_SpatialReferenceSystern 1D narne dornainOfvalidity theme ovetAllQwner versionhurnber
id 1 Demarcation Board boundaries South Africa Province - District Municipality - Mur Municipal Demarcation Board
L 2 PAMSS post codes South Africa Post Office - Postcode SA Post Office
L 3 AfiGIS Street Address South Aftica Province - Municipality - Town - Suby AfGIS
L 4 AfriGIS Site Address South Africa Province - Municipality - Town - Subn AfiGIS
L 5 SANS 1883 street address type South Africa AfiGIS
L 6 SANS 1853 site address type South Africa AfGIS
L 7 SANS 1883 landmark address type South Aftica AfriGIS
L G SANS 18683 intersection address type South Africa AfriGlS
L 9 SANS 1883 building address typs South Africa AfiGIS
L] 10 SANS 1883 SAPO box adress type South Africa SA Post Office
L 11 SANS 1853 SAPO atreet address type South Aftica 54 Post Office
L 12 SANS 1883 SAPO-type rural village address type | South Africa S Post Office
L 13 SANS 1853 SAPO Poste restante address type  South Africa 54 Post Office
* (AutoMumber)

Record: @ 1 [IME of 13

Figure 59. MD_AddressingSystem
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B RS_SpatialReferenceSystemlocationTypes : Table
RS SpatialReferenceSystem_|D locationType parent child
| [Dernarcation Board boundaries +| Municipality Fravince Ward
___|Demarcation Board boundaries District Municipality  Province Wlunicipality
Demarcation Board boundaries Wiunicipality District Municipality Wiard
___|Demarcation Board boundaries Ward Municipality Mone
___|Demarcation Board boundaries Frovince Mane District Municipality
| SANS 1853 SAPO box adress type Province Mane Post Office
| SANS 1853 SAPO box adress type Post Office Province Postcode
| SANS 1883 SAPO box adress type Fostcode Post Office Mone
| SANS 1883 site address type Municipality Fravince Towen
| 3ANS 1883 site address type Ton Wlunicipality UsedMame
| 3ANS 1883 site address type UsedMame Town Site Nurmber
| SANS 1883 site address type RegisteredMame Town Site Mumber
| 3ANS 1883 site address type Site Mumber RegisteredMame Mone
| 3ANS 1883 site address type RegisteredMame Wlunicipality Site Number
| 3ANS 1883 site address type UsedMame Wlunicipality Site Number
| SANS 1883 site address type Site Mumber UsedMame Mone
| 3ANS 1883 site address type Frovince Mane Municipality
| SANS 1883 street address type CompleteAddresshi  CompleteStreetham:  Mone
_[SANS 1833 street address type CompleteStreetNarr | RegisteredMame CompleteAddressh
| SANS 1883 street address type Fravince Maone Municipality
| SANS 1883 street address type Municipality Fravince Towen
| SANS 1883 street address type Ton Wlunicipality UsedMame
 [SANS 1833 street address type CompleteStreetNar UsedMame CompleteAddressh
| SANS 1883 street address type UsedMame Municipality CompleteStreetMar
| SANS 1883 street address type RegisteredMame Municipality CompleteStreetMar
| SANS 1883 street address type RegisteredMame Town CompleteStreetMar
 [SANS 1833 street address type CompleteStreetMarr  Mone Mane
| SANS 1883 street address type UsedMame Town CompleteStreetMar
* Maone Mone

Record: E 1 E][E of 28

Figure 60. MD_AddressingSystem.LocationTypes

B SI_LocationType : Table

Sl LocationType_ theme identification | definition | territoryOfl)se
L -1 Mone nia nia nia
id 1 Province] administrative name area South Africa hunicipal Dermarcation B
L 2| District Municipality administrative name | code ares South Africa hunicipal Demarcation B
L 3| Municipality administrative name | code area South Africa Municipal Dermarcation B
] 4\ ard administrative nurmber area South Aftica hunicipal Dernarcation B
L 5 Tawn cammanly known  name area South Africa AfTGIS
L 6 UsedMame cammanly known  name area South Africa AfiGIS
| 7| RegisteredMame legal name | code ares South Africa Chief Surveyor General
L 8 CompleteStreetilame as built name line South Africa AfTiGIS
] 9| CompleteAddressMumber number (text]  point South Aftica AftiGIS
L 10 Site Mumber number {text]  point South Africa AfriGIS
L 11 Post Office postal name name only | South Aftica SA Post Office
L 12 Postcode postal code code only  South Africa SA Post Office
L 13 StreetMNumberRange numbers {text) point South Africa AfrGIS

0

Record: [E]E| 2 E][ﬂ][?_*] of 14

Figure 61. SI_LocationType
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Appendix C. Operations of the
Compartimos service objects

C.1 CatalogueService

Table 40. Operations provided by the CatalogueService

Service name

Description

Start Starts the catalogue service

Restart Restarts the catalogue service

Stop Stops the catalogue service

Synchronize Synchronizes the local catalogue with the master catalogue

IsRunning Returns true if the catalogue service has been started

DataPublications Returns the collection of publications from the catalogue

Publish Takes a dataset and data access service as input, and creates a dataset publication in the
catalogue.

Update Updates a dataset publication’s information in the catalogue

Find Finds a dataset publication(s) based on the specified input filter

Delete Removes the dataset publication (i.e. the link between dataset and data access service)
from the catalogue.

UsageInformation Returns information about the usage of various datasets.

UpdateUsagelnformation

Updates dataset usage information in the catalogue.

This information is used by the ReplicaService to decide when to replicate a dataset.

About an addressing system

AddressingSystems

Returns the collection of addressing systems from in the catalogue

RegisterAddressingSystem

Adds information about an addressing system to the catalogue.

UpdateAddressingSystem

Updates addressing system information in the catalogue.
Fails if the addressing system is associated with a dataset in the catalogue.

FindAddressingSystem

Finds an addressing system(s) based on the specified input filer

DeleteAddressingSystem

Removes the addressing system information from the catalogue.
Fails if the addressing system is still associated with a dataset in the catalogue.

About an address-related service

Services Returns the services provided by a specific service provider

RegisterService Adds information about an address-related service to the catalogue.
UpdateService Updates the information about an address-related service’s in the catalogue.
FindService Finds a service(s) based on the specified input filter

DeleteService Removes the information about the address-related service from the catalogue.
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Service name Description

About a data provider

DataProviders Returns the collection of data providers from the catalogue
RegisterDataProvider Adds a data provider’s information to the catalogue.
UpdateDataProvider Updates a data provider’s information in the catalogue.
FindDataProvider Finds a data provider(s) based on the specified input filer
DeleteDataProvider Deletes a data provider from the catalogue

About a data access service

AddressDataAccessServices Returns the collection of address data access service from the catalogue

RegisterDataAccessService ~ Adds information about an address data access service to the catalogue.

UpdateDataAccessService Updates information about the data access service in the catalogue.

FindDataAccessService

Finds a data access service(s) based on the specified input filter

DeleteDataAccessService

Removes the information about the access service from the catalogue
Fails if a dataset is associated with the service through a publication.

About a dataset
Datasets Returns the collection of datasets from the catalogue
RegisterDataset Adds information about an address dataset to the catalogue.
UpdateDataset Updates a dataset’s information in the catalogue.
FindDataset Finds a dataset(s) based on the specified input filter
DeleteDataset Removes the dataset’s information from the catalogue
Fails if a data access service is associated with the dataset through a publication.
About a node host
NodeHosts Returns the collection of node hosts from the catalogue
RegisterNodeHost Adds information about a node host to the catalogue.
UpdateodeHost Updates a node host’s information in the catalogue.
FindNodeHost Finds a node host(s) based on the specified input filter
DeleteNodeHost Removes information about the node host from the catalogue.
About a replica
Replicas Returns the collection of replicas from the catalogue
RegisterReplica Adds replica information to the catalogue
UpdateReplica Updates a replica’s information in the catalogue
FindReplica Finds a replica(s) based on the specified input filter
DeleteReplica Delete a replica’s information from the catalogue
About a service provider
ServiceProviders Returns the collection of service providers from the catalogue

RegisterServiceProvider

Adds a service provider’s information to the catalogue.

UpdateServiceProvider

Updates a service provider’s information in the catalogue.

FindServicProvider

Finds a service provider(s) based on the specified input filter

DeleteServiceProvider

Removes the information about the service provider from the catalogue.

Fails if the service provider is still associated to an address-related service in the
catalogue.

Appendix C. operations of the services in Compartimos



C.2 ReplicaService

UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

Table 41. Services provided by the ReplicaService

Service name

Description

CreateReplica Creates a replica either of the complete dataset, or of the higher-level location type values
only, depending on the parameters.
The relevant replica information is updated in the catalogue.

ValidateReplica Determines whether the replica is identical to the primary source from where it has been

replicated

ModifyReplicaContents

Change the set of data that is being replicated, e.g. by specifying specific higher-level
location types of an addressing system

DeleteReplica

Removes the replica from the node, and also deletes the associated information from the
catalogue.

SynchronizeReplica

Makes use of the transfer service to update a replica with the changes that occurred at its
dataset.

C.3 TransferService

Table 42. Operations provided by the TransferService

Service name

Description

SetupTransfer Initializes a transfer between two locations.

GetTransferState Returns information about the state of a transfer

StartTransfer Starts transferring the data as specified in the SetupTransfer service

PauseTransfer Pauses the transfer, i.e. data that has been transferred does not have to be transferred
again when the transfer is resumed.

ResumeTransfer Resumes the paused transfer.

StopTransfer Stops the transfer, i.e. any data that has been transferred until that time, is lost. The

transfer has to be started again with the StartTransfer service.

Appendix C. operations of the services in Compartimos

195



.é,_
=
_ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
L~ 4

YUNIBESITHI YA PRETORIA

C.4 AddressDataAccessService

Table 43. Services by the AddressDataA ccessService

Service name Description
CreateAddressDataset Takes addressing systems as input parameters and physically creates a database that can
store addresses of those addressing systems.
GetAddress Returns the specified addresses
UploadAddressData Uploads a whole dataset, or large amount of data, into the address dataset (used for
replication)
AddAddress Adds a single address to the address dataset (used for replication)

C.5 VirtualAddressDataService

Table 44. Services by the VirtualAddressDataService

Service name Description

GetAddress Returns the specified addresses.

Depending on the input parameters the results are either returned as output parameters, or
the TransferService is employed to transfer a file containing the resulting data.

UploadAddressData Uploads address data in bulk into the address data grid.
The uploaded data is stored as a single dataset at any data provider with a data access
service for which the AllowUploads property is true.
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Appendix D. Additional Compartimos
use cases

D.1 Upload an address dataset

This use case illustrates the interaction of objects in the address data grid when a data provider
uploads data into the address data grid that will be hosted by a third party data host. This happens,
for example, when a data provider such as a small local authority that does not have the resources to
host a dataset, makes use of a third party to host its dataset. Such a data provider will update its
dataset once, and subsequently upload either re-upload the dataset or upload additions and

modifications to the dataset. The TransferService is employed to upload the dataset as a single file.
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Figure 62. Sequence diagram for uploading an address dataset

Appendix E. A selection of classs from the implementation of Compartimos

198



&
=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qo

YUNIBESITHI YA PRETORIA

D.2 Address dataset publication on the grid
In order to make a dataset available in the address data grid, the following has to happen:
1. Register a data provider in the metadata catalogue through the CatalogueService.

2. Ensure that the addressing systems required for the dataset are in the catalogue; otherwise

register the required addressing systems through the CatalogueService.

3. Register the data access service that will provide uniform access to the dataset using the

CatalogueService.
4. Register the dataset in the catalogue using the CatalogueService.

5. Register a data publication in the catalogue by associating the dataset and data access service

in the catalogue.

CatalogueService

I
Data pfovider
|

RegisterDataProvider

Return OK

RegisterAddressingSystem

Return OK

RegisterDataset (data provider, addr systems)

Return OK

|
|
RegisterDataAccessService i

Return OK

RegisterDatasetPublication (dataset, data access service)

Return OK

Figure 63. Sequence diagram for address dataset publication on the grid
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D.3 Publication of an address-related service on the grid

To publish an address-related service on the address data grid requires two steps only:

1. Register a service provider in the catalogue using the CatalogueService.

2. Register the address-related service in the catalogue using the CatalogueService.

|
Service jprovider
|

RegisterServiceProvider

CatalogueService

Return OK

RegisterService

Return OK

Figure 64. Sequence diagram for publication of an address-related service on the grid
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D.4 Dataset replication

The following sequence diagram provides a simplified view of dataset replication. The dataset
usage information is kept up to date by the VirtualAddressDataService whenever it gets a request for
data. The ReplicaService polls this information at regular intervals and based on the thresholds set in
the catalogue decides when it is necessary to replicate a dataset. Note that a dataset can only be
replicated if it has been registered in the catalogue as a dataset that allows replication. As part of the
ReplicaService’s CreateReplica, the required information is set up in the catalogue, and upon
completion the replica is synchronized, i.e. it is copied from source to target making use of the

TransferService.

ReplicaService VirtualAddressDataService CatalogueService

|
|
|
i UpdateUsagelnformation

Update OK

:
|
|
GetUsagelnformation

Return dataset us:age information

GetDatasetPublication (dataset)

:
|
|
Return publicgtion details

CreateReplica

SynchronizeReplica

Figure 65. Sequence diagram for dataset replication
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Appendix E. Journal publications

E.1 Address databases for national SDI: Comparing the novel data grid
approach to data harvesting and federated databases

Coetzee S and Bishop J (2008). Address databases for national SDI: Comparing the novel data
grid approach to data harvesting and federated databases, International Journal of Geographic

Information Science, 26 September 2008, available online ahead of print edition at
http://www.tandf.co.uk/journals/tf/13658816.html, accessed 13 November 2008.

The complete paper is included as Chapter 6 of the dissertation. This appendix includes only the

cover pages.
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E.2 What is an address in South Africa?

Coetzee S and Cooper AK (2007b). What is an address in South Africa? South African Journal
of Science, Nov/Dec 2007, 103(11/12), pp449-458.
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