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1. Abstract

The Commission on Spatial Data Standards of trernational Cartographic Association
(ICA) is working on defining formal models and teatel characteristics of Spatial Data
Infrastructures (SDI). The Commission has alrga@gented models of the Enterprise and
Information Viewpoints from the 1ISO Reference Modil@l Open Distributed Processing
(RM-ODP) standard (ISO/IEC 10746:1995). The Consioisis now taking this further to
model the Computation Viewpoint, which describesvhbe different services of an SDI
fit together. The models should be seen as aragng] step towards the overall model of

the SDI and its technical characteristics.

The Commission has identified six broad groupinds services: Registry, Data,
Processing, Portrayal, Application and Managem@ihe interactions between these high-
level services have been modelled using the Unifidddeling Language (UML)
Component Diagrams. The detailed services haven leedelled using UML Class

Diagrams (Object Management Group 2005).
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2. Introduction and Fundamental Concepts Involved

Over many decades, spatial data scientists in npamtgs of the world have worked to
develop mechanisms to share various kinds of stieerspatial data. More recently,
efforts have been organized to design and buildi&paata Infrastructures (SDI) at the
global, regional and national levels. There ar® twajor facets to this effort: the
organizational and the scientific/technical. Thhgamizational side is for various groups to
develop agreements, protocols and policy stratdgrethe SDI, see: Groot & McLaughlin
(2000), Masser (2005), Rajabifagtlal (2006), and Delgado (2005). Many organizations,
such as the Global Spatial Data Infrastructure (33iave been organized at the Global,

Regional, National and Province/State levels.

The second facet of the SDI effort is the sciemtdind technical: implementing the
mechanisms and networks that will bring the SDtdality. This paper focuses on this
facet of the SDI effort. More specifically, it dissses the efforts of the ICA Spatial Data
Standards Commission to model the SDI at the stiegvel through the prism of the

RM-ODP model views, using the UML modeling language

Earlier research work by the Commission began witgeneral overview of the SDI
(Alders & Moellering, 2001), and then proceedeadxamine the analysis using the UML
modeling language (Coopet al 2003) as a very useful tool. The Commission then
proceeded to create RM-ODP models of the Enterpaisg Information Viewpoints
(Hjelmager et al., 2005, 2007). Presented hetbeisvork by the Commission to model
the RM-ODP Computation Viewpoint of the SDI.

3. RM-ODP Views of Distributed Software and Information Systems

Business and enterprise systems are becoming marenare flexible and increasingly
dependant on local and global communication netsworklo meet this challenge, the
software systems used have to become increasinghuiar, and distributed to many
places within these networks. The design andliatitn of such distributed systems is a
complex task which needs much conceptual work kefbe implementation can begin.
The International Standard, ISO/IEC 10746, Infoinratechnology — Open Distributed



Processing — Reference model, aids in this chatldng providing a framework for the

design and description of distributed software imhofrmation systems.

For this purpose, the RM-ODP Reference Model dessriive different viewpoints:

» Enterprise Viewpoint v
* Information Viewpoint Enterprise
viewpoint

« Computation Viewpoint .
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v
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Referring to Figure 1, the Commission

has completed initial formal models of
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if it would be appropriate to develop

generic Engineering and TEChnomgyFigure 1: The five RM-ODP Viewpoints and their

Viewpoints of SDIs, as these viewpoints dependencies

might be too implementation specific.

The Enterprise Viewpoint describes the purpose,pescand policies for an Open
Distributed Processing System. It describes thiatioeship of a system to its
environment, its role, and the associated polici#be Information Viewpoint describes
the semantics of information and information preoes incorporated into the system. It
could define conceptual schemas (formal descriptioh the model) and methods for
defining application schemas. The Computationalewgioint is a functional
decomposition of the system into a set of servtbas interact through interfaces. This
Viewpoint captures the details of these servicekiaterface definitions without regard to
their distribution. The Engineering Viewpoint camis the mechanisms and functions
required to support distributed interaction betwt#enservices and data within the system.

This Viewpoint is concerned primarily with the irdetion between distinct services and



data. Its chief concerns are: communication, cdmgwystems, software processes, and
the clustering of computational functions at phgbkitodes of a communications network.
The Technology Viewpoint contains the specific temlbgies chosen for the

implementation.

As for all distributed software and information ®rss, this RM-ODP framework can also
be used for the description of a Spatial Data biftecture (SDI). The first two Viewpoints
(Enterprise and Information) have been describedketail by the Commission (Hjelmager
et al 2005, 2007), using UML. The main results are samzad below.

3.1 Overview of the Enterprise and Information Vievpoints of an SDI
The investigation of the Enterprise Viewpoint of&idl led to two actions:
A. ldentify the stakeholders of an SDI and their tasks UML terminology, the Actors
and the Use Cases; and

B. Identify the core components of an SDI and thdatiens.

Six SDI-Actors have been defined: Policy Maker;dreer (of data or services); Provider
(of data or services); Broker; Value Added ResdN&R) and End User.

For these stakeholders, the Commission identifieth2ks or activities (Use Cases), where
an Actor can have more than one activity, which lsactive or Passive, eg: Determine
Vision and Mission; Set policy; Apply policy; Build infrastructure; Provide Services, Data,

and Metadata; andUse Service.

The second effort led to a UML Class Diagram thamprises the identified core

components aSlasses and their interconnections Rslations. The core components are:

» Policies * Processing Tools
» Connectivity * Metadata
* Technology * Products

Taking a closer look at the compon®&alicies, one finds that it can be subdivided into the
concrete part8usiness Model, Business Agreements, Legal Constraints, Sandards, and
Best Practices.



While the Enterprise Viewpoint deals mainly witle thdministrative aspects of an SDI, the
Information Viewpoint has its focus on the productata and services), their specification,
their description via metadata, and product regsstfcatalogues). These aspects and their

relations were also modelled in a UML class diagram

The entities of the Information Viewpoint have beeombined with the identified
Stakeholders (Actors) from the Enterprise Viewpaintl the possible Activities in the SDI

field. Hjelmagert al (2005) provides a table showing the coherencedmtvall parts.

4. The RM-ODP Computation Viewpoint

The Computation Viewpoint is a functional decomposition of the modelled sgstinto a
set of services that interact throughnterfaces (as defined by RM-ODP). This Viewpoint
captures the details of these services and ineerfdefinitions without regard to
distribution, which is covered by thEéngineering Viewpoint. But, the Computational
Viewpoint prepares the environment for distributiust by decomposing the system.
UML provides a very good tool for modelling the Qoumtation Viewpoint, namely the

Component Diagram.

4.1 Developing a UML Component Diagram

The main purpose of the UML Component Diagram ishtow the structural relationships
between theComponents of a system. Components are considered to benamtous,
encapsulated units within a system or subsystempttowide one or more interfaces and
are strictly logical. Component Diagrams offer teys architects a natural tool for
modelling a solution, allowing them to verify thasystem's required functionality is being
implemented by components, thus ensuring thatekelted system will be acceptable. In
addition, Component Diagrams are useful commuradnatools for various groups (Bell

2004). The four basic elements of a Componentaiagare:

. Component (rectangle with small symbol in upper right copjner
. Provided Interface (connector with circlet);
. Required Interface (connector with arc); and

. Dependence (dashed arrow).
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Figure 2. Example of a UML Component Diagram

Figure 2 shows an example of a Component Diagrang tise notation of UML 2 (Object
Management Group, 2005). This Diagram comprises t@mponentsOutputs and
Editor. The componen®utputs provides an interface callddisplay Output (a provided
interface), which provides functionality necessary for dasphg outputs on a computer
screen. The componetitor uses this interface ¢&quired interface).

5. UML Component Diagram of SDI
The proposed Component Diagram for modelling an 8@h a Computation Viewpoint

is shown in Figure 3. The Commission proposes @naBDI is composed of six service

components based largely on RM ODP:

. Registry Services . Application Services
. Data Services . Portrayal Services
. Processing Services . Management Services.

Every component offers some functionality, modelydhe provided interfaces, and uses
functionality offered by other Components modellad the required interfaces. Each

Component is discussed in more detail in the falhowsections.

5.1 SDI Registry Services
The main purpose of the compondRegistry Services is to Register other services, to
Publish them, and later t&earch through them (by the users). These three funalities

are provided by three interfaces with the RegiSewvices.

The only interface required by this component, llastrated in Figure 3, is th€ontrol
interface, which is provided by tiManagement Services component. Description of these

three interfaces is provided below.



Search El
______ .( Registry services Portrayal Services >
— S A S S
Control /:i ' Control
' |
: ;
E Register Publish E ! Publish | Register (LPortrayl Delivery |
' | H '
' NS - -’ VY ’
AN TORNERA NN \ !
1 ENEEN AN voN ] H
1 \ (DR !
' (N T ! \
! Y ! N i 2
; \\ \:\\ \‘ A :
\ \
H N \\\‘\ N 1
1 o N} Y |
! A ~
1 ! . . '
i N ', 7y Publish Data Services '
| 2 E AN LY TN [ i b !
H | [IEAN ) C \ :
B N N Register \ ! !
1 | A\ " ' H |
i 1 NN Control l Data LT 1 !
A~ a) AN Delivery 1 /£« a) a) a)
\ \
: N v
Reqgister Publish NEAY H A Dalg Search | Portrayl Delivery
NERY ! | Delivery
A ' '
N ' ' 8]
N 1
i N N Applications
Proce;smg \ i Publish pplicati
Services AN 1 Services
:--- 1 ----C 1
| Control h ' Register !
: Searcl i Sorvi i
' Service ; DEII'YICE Control
' Delivery Data Delivery | elvery
| i | Yoy
' ! ' 1 ' 1 1
i H Il : ] ] ]
' | - ! ! '
1 H 1 ! '
| - : :
: ______________________________ e g pppps. | 1
| j |
T ' H
b ! !
- - : .
SS U //
NN L
_____ Z |
Control
Management
Services

Figure 3. Computational View of Service Component Diagransbi

5.1.1 SDI Interface Register
This interface normally provides the necessary tions toRegister information about

resources available on a network, such as:

» Register Product Specification * Re-Register Catalogue
* Register Product * Register Policy

* Register Metadata * Register Business Plan
* Register Catalogue * Update Register.

5.1.2 SDI Interface Search
The functionality provided by this interface fatalies searching for the required data,

service or catalogue. The interface normally idekithe following functions:



» Search Register » Search Metadata
» Search Product Specification » Search Catalogue

» Search Product » Search through Catalogue.

5.1.3 SDI Interface Publish

The interfacePublish provides functionality necessary for publishing tbutput
information from Registers through the Internet or other media. For examitie,
interface usually includes functions such as:

» Publish Product Specification * Publish Metadata

* Publish Product e Publish Catalogue

5.2 SDI Data Services

The Data Services component in Figure 3 deals with data sets shameldegistered on the
Internet. For exampld)ata Services provide access to collections of data in repogisor
and databases. The only interface provided hebaia Delivery, which is designed in
such a way that it will provide data to users Weocessing Services or Application
Services. No other component deals with data sets direclihis component requires a
number of interfaces, provided by other componefiist example, the followin@ervice

Components :: Interfaces constructs (where :: meahsterfaces) are examples of Service

Components:
» Application Services:: Access » Registry Services :: Publish
* Registry Services :: Register » Management Services :: Control

5.3 SDI Processing Services

The Processing Services component, as shown in Figure 3, contains theicesvfor data
processing. For example, the processes of codedit@mputation or projection system
transformation, can be accomplished through thigice component. It provides only one
interface, Service Delivery. However, this component requires a number ddriates
provided by other components, such as:

* Registry Services :: Register » Data Services :: Data Delivery

» Registry Services :: Publish * Management Services :: Control.

* Registry Services :: Search



5.4 SDI Application Services
The Application Services component is a key part of the architecture, asvahin Figure 3.
It includes all processes necessary to meet theésnefeusers. Hence, it does not provide

any interface, but requires a large number of faters provided by other components:

* Registry Services :: Register » Processing Services :: Service Delivery
* Registry Services :: Publish » Portrayal Services :: Portrayal Delivery
» Registry Services :: Search * Management Services :: Control.

» Data Services :: Data Delivery

5.5 SDI Portrayal Services

The Portrayal Services component in Figure 3 deals with displaying theuhes of
application services. It provides one interface tltese purposes, which Rortrayal
Delivery. It requires the following interfaces from otliamponents:

* Registry Services :: Register * Management Services :: Control.

* Registry Services :: Publish

and also should provide functionallity which faggtes the output, such as:

» Design Layout » Delivery Options

» Editing Function * Formats

5.6 SDI Management Services
The Management Services component in the lower part of Figure 3 monitdrs bverall
functionality of the SDI. For this purpose it hase interface, which i€ontrol. For

example, this component controls the interopettghkainongst services or rights of access.

6. Summary & Conclusions
The ICA’'s Commission on Spatial Data Standardsbesen developing formal models of
SDIs, using the RM-ODP Viewpoints. Presented lagecthe first models of the RM-ODP

Computation Viewpoint of an SDI, modelled using UML
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