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ABSTRACT
Theme Spatial Data Infrastructure, Spatial Data, Aniabjt Cartography, Spatial Theory

The Commission on Spatial Data Standards of therdational Cartographic Association (ICA) is wordgion defining
spatial models and technical characteristics gbati&l Data Infrastructure (SDI). To date, this lwbas been restricted
to the Enterprise and Information Viewpoints frdme iSO Open Distributed Processing standard. Thendission has
developed models for these two viewpoints. The rsodescribe how these two different parts of an fidbgether in
the viewpoints in question. The models cannot lem s a final result, but more as a small stepridsva model that
defines the previously mentioned overall modehef DI and its technical characteristics.

During the model development process, the roldefdifferent actors in an SDI have also been ifiedtin Use Case
diagrams of an SDI. The model is developed usiedthified Modelling Language (UML).

1 INTRODUCTION

In order to get an overview of the area of modgllanspatial data infrastructure (SDI), one of drst ftasks was to
review the different reference models applicabléhto SDI. The architecture reference model usethéynternational
Standards Organization (ISO) Technical CommitteeGeographic Information/Geomatics, ISO/TC 211 (189101,
2002), the OpenGIS Reference Model (ORM) (OGC, 2003 the Geospatial Interoperability Reference &lod
(GIRM), were the main reference models reviewed disdussed. The base used in the majority of thefezence
models is the Reference Model of Open Distributeac®ssing (RM-ODP) (ISO/IEC 10746, 1995), whichimkes a
framework comprising five viewpoints: Enterprisafdrmation, Computation, Engineering and Technoldgiy-ODP
allows describing complex distributed systems gjvarnframework of different levels of abstractiore(@ado 2004).

This work is based on the SDI as a type of compésion of a Virtual Map 3, as defined by Moellgrif1980, 1984).
It should be clear to the reader that these sérépatial databases are usually easily transforengibd the other forms
of maps. Real Maps (Hard Copy), Virtual Map 1 (®cr®isplay), and sometimes into a Virtual Map 2afeple: CD-

ROM or DVD). It should be realized that as spadiaia, two of these classes of maps are visuairatias defined by
Nyerges (1980) as Surface Structure, while the vismal classes 2 and 3 are defined by Nyerges §1891Deep
Structure. For an overall review of these spat@icepts and many others from Analytical Cartogyampitease see
Moellering (2000).



The motivation to undertake this work is to obtaimulti-perspective description of the Spatial Ditfastructure
(SDI) as part of the terms of reference for 200872€or the Spatial Data Standards Commission ofltkernational
Cartographic Association (ICA). These are enuedats follows:

e To develop a conceptual model of the Spatial Dafaastructure (SDI) using the Unified Modeling
Language (UML) and associated modeling conceptgking in the areas of science, technology and
standards, at the global, regional and nationaltev

» To define the technical characteristics of the SDH concepts for appropriate data sets for the SDI

The work described here is aimed to approach tbheeabbjectives. Our work began by developing aimiakry high-

level model of an SDI, identifying some of the astases cases and classes, described using UMipéCet al 2003).
Subsequently, the ICA Commission on Spatial Datn&irds has exploited the first two RM-ODP perspestto

describe an SDI: Enterprise and Information viewpoi Future work will be to define the computatiperspective
contained in the SDI Reference Model accordindnéoection field defined by our ICA Commission.

Different notations may be chosen as appropriateftect the requirements of the viewpoint into -ODP. These
notations may be natural, formal, textual or graphiln this work that follows, UML was used as thain notation
language to express the two viewpoints.

2. THE PROCESS OF DEVELOPING THE MODELS

The process of developing the models followed apkinand well-proven path as planned by the ICA Gdads
Commission. When developing the conceptual modelgéscribing the two viewpoints on an SDI, we hbgen using
the following approach:

« Scientific discussion to define the concepts, aggtdbe how they might fit together;
* Organise the concepts;
» Develop a graphic expression of the resulting Sbtleh as currently envisioned.

The heterogeneous composition of the membershifheoflCA Commission on Spatial Data Standards eragmd
contributions from different perspectives to thé\ISDI model.

During this discussion of the entire SDI modelljprgpcess, whenever there has been a need forféretit terms and
definitions have been discussed in order to hageséime basis and understanding throughout thesdiseu Ideally,
we have tried to keep the same use of terms aiitiis as used in the ISO/IEC 10746 and ISO/TC&ahdards.

3. INTRODUCTION TO FIVE SDI MODELING VIEWPOINTS
The architectural reference model provided by RMPROdonsists of five different viewpoints:

« Enterprise View;

* Information View;
e Computation View;
« Engineering View;
e Technology View.

The Enterprise Viewpoint, (the first) describes thepose, scope and policies for a Spatial Datastfucture (SDI).

The Information Viewpoint, the second view, desesiithe semantics of information and informationcpssing

incorporated into an SDI. The Computational Viewypgithe third view, is a functional decompositiainthe SDI into

objects and services that interact at interfades.ih this viewpoint that one will find the secei-oriented architecture
(SOA). The Engineering Viewpoint, the fourth, cantathe mechanisms and functions required to sugistributed

interaction between the objects within an SDI. Teehnology Viewpoint, the fifth and last viewpointains the
specific technology(ies) chosen for the implemeatabf an SDI. However, it is only the first twoewpoints that we
will take into consideration in this paper: i.eetkEnterprise and the Information viewpoints. Thease essentially
components from the Real World and Information 8tite, as the top two of the six defined Nyerge38() Data

Levels.



Why have the SDIin the first place?
Varbal description:

To facilitate provision, management and use of geospatial data and services.
Base collection of technologies, policies and institutional arrangements 1o faciltate availability of, and access to, spatial data, Data discovery, evaluation, and application, [GEDI Cookbaok v1.1, 2001].

Includes providing data and metadata

Includes searching for data, obtaining data and using data

Includes standards. best practices, etc

Includes developing standards, et

Includes communication links, hardware and software platforms, etc

Figure 1. Use Case Diagram for the Enterprise Wiznt



4. THE ENTERPRISE VIEWPOINT

As mentioned above, this viewpoint consists of fdifferent elements, i.e. the purpose, scope atidig® for an SDI.
However, these are only head topics, and its tak@® than the headlines to build an SDI. As casd®n in the use
case diagram (Figure 1), each stakeholder withiS@hcan be part of different use cases.

For example, here the same stakeholder could deterthe scope of an SDI, use services from an SDth as
searching for, obtaining, and using data), andioidithe infrastructure used by the SDI (whethepdtthe networks,
computers, software or whatever else). Each otleesk interactions then comprises a separateasse ¢

As can be seen in Figure 1 above, the scope afmgsobf an SDI can be separated into the stakehdkét uses either
the service or sets the service. The same canidbénsa way for the policy. The reason for thisidion of labor is that
the groups responsible for developing and for nadiimg the two parts of the use case have totalfgrént interests,
and points of view from each other, even thougla tiigh level their general interest must said tonogual.

In Figure 1 the overall actor has been generalinerl a stakeholder. However, this actor can bedeidiinto five
different actors (see Figure 2) all having a rol@lay in one or other of the use cases in Figurtnlthe diagram, each
of these five actorextends the stakeholder actor.

«extendsS»

Provider

«extends»
«extends»

Stakeholder

«extends»

Policy maker

Producer Broker

Figure 2. The Actors in the Enterprise Viewpoint

In oruer o see now e airerent parts o1 e Cepses 1L logetner, we nave aeveiopea ar Iinieywwoject HIUUGL as
shown in Figure 3. As can be seen in the Figure,piblicy part only consists of a single object sladdowever, this
class can be divided into several other classesidffirinheritance, as shown in Figure 4. The cl&ssi¢ies” in Figure
4 will be treated as an abstract UML class becahiseclass can never be instantiated, whereasutbelasses can be
instantiated with the attributes from this clageng with attributes from their own class.
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Figure 3. Object Diagram of the Enterprise Viewyoi

The classes Constraints, Standards and Best Rmaimwn in Figure 4 might have some associatitwdes each
other, because Standards might impose some Caonsti@i the Policies and vice versa. The mentiorssdaations
between the classes are mutluded in the figure due to uncertainty regagdihe definition of the classes. When it
comes to an association between the classes St#snderd Best Practices, it should be recognized theat
implementation of standards might end up with sam@dementation specification (e.g. ISO/PDTS 1913%)5).

Policies
BusinessModel Constraints Standards BestPractices
LegalConstraints BusinessAgreements

Figure 4. The Policy Class in the Enterprise Vieimpo



5. THE INFORMATION VIEWPOINT

Where the Enterprise Viewpoint had its main focogtee administrative setup for an SDI, the InforioatvViewpoint
deals with the data and the semantics of the d&@ 19101, 2002). As it can be seen on Figure&cénter on which
everything turns, is the product. The product wilthis context be defined as services and/or ttataforms the SDI.

Polic
4 Metadata
1 1.x
Determines Describes »
Knowledge
0..* 0..*
Product specication Defines » Product
1
1 0* Bu|lds
? ‘ 1
Service Data 1% Builds 1 Information
e
Discover service Provide service Processing service| Vector Raster Alphanumeric MultiMedia

Figure 5. The SDI Information Viewpoint

If one focuses on some of the classes in Figueds,Product Specification, Metadata, Policies Brmtuct, and then
further subdivides these classes into sub-elemantsthen connects these elements with the stadeisolas in Fig. 2,
then it is possible to define the stakeholdersesdh connection with the classes and their sumetts. As can be seen
in Table 1, the stakeholder can have one of twiewmift roles (active or passive) in relationshi@tolass. Théctive
stakeholder initiates or executes the class (fangte), while thePassive stakeholder is the beneficiary of the class.
The implication of this finding reveals that thasd$es must either be clearer in the definitiorgltrnatively, divided
into classes according to the sub-elements.

Table 1 depicts the desired SDI levels of abswadgiven by the ICA Commission on Spatial Data 8&ds. It means
that not all the use cases are disaggregatedthatihaximum level regarding the purposes definethbyCommission.
As it can be seen in the Table below, some rowe st one actor categorized &give and only one aRassive; all
these cases represent the maximum disaggregatiagfte the use case in question (eg. “Harvest bieta’). Where
there is more than one actor Agtive or Passive, we can assume a generalized Use Case, that tfearidse Case
could be disaggregated into new ones, but for ebahderstanding of the whole phenomena, it has Ineodelled at
this abstraction level. The most representativergtes of this are the Use Cases associated tociesli

Analyzing the columns in Table 1, one can deriwe rihles for each actor. For instance, “Providensam SDI are in
charge of the following activities:

— Obtaining and implementation of product specifisasi from users and policy makers

- Providing geospatial products (geospatial datasemdices)

— Managing geospatial products

— Assuring the quality of products (together witheathctors)

— Publishing and providing metadata

— Assuring the quality of metadata (together witheothctors)

— Applying policies established by policy makers.
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f
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6. SUMMARY

This work is a result of the activities undertaksnthe ICA Commission on Spatial Data Standardinduihe last two

Table 1. Use Cases and Actors in an SDI. P: Pasiivictive.

AND CONCLUSION

years, according to its Terms of Reference foprgod 2003-2007.

The use of the Open Distributed Processing Referéviodel (RM-ODP) combined with the Unified Modedin
Language (UML), resulted in a positive way to obtaicomprehensive model to describe a Spatial Détastructure
(SDI) in terms of scope, activities, actors (Entiesg Viewpoint) and the semantics of informatiord anformation
processing (Information Viewpoint). In due coures model of an SDI based on RM-ODP, as presenttds paper,
should be refined and completed by the additiothef computation perspective, which comprises theices in an
SDI, consistent with the concepts exposed in theerfprise and Information viewpoints, to obtain areno
comprehensive model to describe Spatial Data linfretsires.

Future work will be also necessary to validate ithedel in specific user communities and at diffedentls of SDI

(National, Regional and Global).
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